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QoS DG AWD
1 Introduction

This contribution proposes amendment text on Connection Management and Quality of Service (QoS) support.

Note: 
The [bracket text] has not been fully agreed among the contributor. Further discussion is needed for these text. 
The strikethrough text is to be removed based on DG discussion or chair decision. 
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3 Text Proposal
================= Start of Proposed Text ========================
15.2.x Connection Management
Connection is a mapping between MAC peers of an ABS and one or more AMSs. When the mapping applies to ABS and one AMS, the connection is a unicast connection. Otherwise it is a multicast or broadcast connection. Unicast connections are identified by the combination of a 12-bit STID and a 4-bit FID. Multicast and broadcast connections are identified by the reserved STIDs. 

Two types of connections are used – management connections and transport connections. Management connections are used to carry MAC management messages. Transport connections are used to carry user data including upper layer signaling messages such as DHCP, etc and data plane signaling such as ARQ feedback. MAC management message shall never be transferred over transport connection, and user data shall never be transferred over management connections. 

15.2.x.1 Management connections

Two pairs of bi-directional unicast management connections – basic connection and primary management connection, are automatically established when an AMS performs initial network entry. The basic connection is used by the ABS MAC and AMS MAC to exchange short, time-urgent MAC management messages. The primary management connection is used by the ABS MAC and AMS MAC to exchange longer, more delay-tolerant MAC management messages. FID with value 0 and 1 are reserved for these two management connections respectively.
Once the STID is allocated to the AMS, the basic and primary management connections are established automatically. FID for the management connection shall never be changed during WirelessMAN-OFDMA Advanced System handover or network reentry. 
15.2.x.2 Transport connections

All the user data communications are in the context of transport connections. A transport connection is uni-directional and established with unique FID assigned using DSA procedure per section 15.2.z.3. Each transport connection is associated with an active service flow to provide various levels of QoS required by the service flow. The transport connection is established when the associated active service flow is created, and released when the associated service flow becomes non-active. Once established, the FID of the transport connection is not changed during WirelessMAN-OFDMA Advanced System handover. 

To reduce bandwidth usage, the ABS and AMS may establish/change/release multiple connections using a single message transaction on a management connection.
Transport connections can be pre-provisioned or dynamically created. Pre-provisioned connections are those established by system for an AMS during the AMS network entry. On the other hand, ABS or AMS can create new connections dynamically if required. A connection can be created, changed, or torn down on demand. 
15.2.y Bandwidth Request and Allocation Mechanism

15.2.y.1 Bandwidth Request

Bandwidth Requests (BR) refer to the mechanism that AMSs use to indicate to the ABS that they need UL bandwidth allocation. The AMS shall use a contention-based random access based BR indicator and an optional quick access message on BR channel, a standalone bandwidth request, a piggybacked bandwidth request carried in an Extended Header in the MPDU or a bandwidth request using fast feedback channel. Bandwidth requests in the standalone bandwidth request and a piggybacked bandwidth request shall be made in terms of the number of bytes needed to carry the MAC PDU excluding PHY overhead.
An AMS requests UL bandwidth on a per-connection basis. In addition, the AMS may request bandwidth for multiple connections in one piggyback BR.
15.2.y.1.1 Contention-based random access bandwidth request
Contention-based random access bandwidth request follows the procedure defined in section 15.2.x. 
Contention-based random access bandwidth request follows the procedure defined in section 15.2.x.

The 3-step random access based BR procedure is illustrated in Figure X1. At step 1, the AMS transmits a BR indicator and a quick access message on a randomly selected slot within the bandwidth request channel. At step 2, the ABS may transmit explicit acknowledgement to AMS to indicate its success of decoding BR indicator or Quick access message in the next DL frame as a response to previous bandwidth request channel opportunity. If ABS fails to decode BR indicator or Quick access message, ABS shall transmit BW ACK A-MAP IE in the next DL frame indicating the negative acknowledgement for the corresponding bandwidth request opportunity. BW ACK A-MAP IE specifies to the decoding status of BR opportunity in the previous UL frame.
AMS shall start BR timer upon one of the following conditions:

1. AMS does not receive any Negative-ACK or BW grant (i.e., implicit ACK);

2. Received BW ACK A-MAP IE indicating Quick access message decoding failure (with BR indicator successfully decoded) at the BR opportunity used by the AMS
On the first condition, the BR Timer value is the differentiated value defined for the service flow based on e.g. service type and priority. The differentiated values are transmitted in the DSx transaction. On the second condition, the BR Timer value is fixed.
AMS shall stop BR timer upon one of the following conditions:

1. Received either UL Assignment A-MAP IE or CDMA_Allocation A-MAP IE. In this case AMS processes the UL grant.
2. Received BW ACK A-MAP IE indicating BR Indicator decoding failure. In this case AMS may restart the BR procedure.

If BR timer expires and AMS receives neither UL grant nor BW ACK A-MAP IE from the ABS, AMS considers the BR was failed and may restart the BR procedure.
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Figure X1 — 3-step random access BR procedure

In case the quick access message is or not decodable, a 5-step BR procedure as a fallback mode for the 3-step BR procedure is illustrated in Figure X2. The AMS obtains resource grant from ABS using CDMA Allocation A-MAP IE at step 2 and transmits a new BW-REQ message at step 3. ABS may allocate UL grant for uplink transmission at step 4. The AMS then performs its uplink transmission at step 5. After step 3, the AMS shall start the BR timer with the differentiated value defined during DSx transaction. The ABS shall transmit a negative acknowledgement for the corresponding BW-REQ message in case it is not decoded in step 3.
The AMS may restart the BR procedure if timer is expired.
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Figure X2 — Example of 5-step random access BR procedure as a fallback mode for the 3-step BR procedure
In 5-step regular random access BR procedure, AMS sends a bandwidth request indicator only. After step 2, only fixed value timer is activated. The rest of the BR procedure shall be the same as the 5-step procedure in Figure X2.
15.2.y.1.2 Standalone Bandwidth Request Header
Standalone bandwidth request header is used by AMS to send bandwidth request in step 3 in the 5-step contention-based random access BR procedure, or as a response to the polling from the ABS. The AMS can use any UL resource allocated to itself to send the standalone BR header. 

When the standalone Bandwidth Request Header is transmitted in step 3 in the 5-step contention-based random access BR procedure, it shall contain the following parameters:
· STID of the AMS 

· FID of the requesting connection 

· Aggregate bandwidth to request

When the standalone Bandwidth Request Header is transmitted using the UL grant specifically for the AMS (e.g., polling from ABS), it may request bandwidth for one flow or multiple flows if allowed by space; it may request GPI change for aGPS or minimum delay of the requested grant for BE, and it may contain the following parameters. ABS shall use the size of single flow standalone bandwidth request header for polling allocation. 
· FID of the requesting connection 

· Aggregate or incremental bandwidth to request for one or multiple flows
· New GPI value for aGPS or minimum delay of the requested grant for BE
· GPI change indicator for aGPS

15.2.y.1.3 Piggybacked Bandwidth Request

Piggybacked bandwidth request is used by the AMS to request for bandwidth for the same or different connection, to which the user data in the MPDU is mapped to. It is carried in the extended header.  
15.2.y.1.4 Bandwidth Request using FFB

15.2.y.1.5 Bandwidth request message format
15.2.y.1.5.1 quick access message format
When 3-step BW-REQ procedure is used, in step-1 the quick access message carries 12 bit information including MS addressing information with TBD quick access sequences carrying additional BW-REQ information. The information bits are defined in the following format.
15.2.y.1.5.2 bandwidth request header format
15.2.y.1.5.3 Piggyback bandwidth request extended header format
Piggybacked bandwidth request shall contain the FID of the requesting connection and the aggregate bandwidth to request. Multiple requests can be included in one piggybacked bandwidth request. 

15.2.y.2 Grant

In the bandwidth request procedure, the grant for BW-REQ message is allocated by CDMA Allocation A-MAP IE, which is shown in Table yy. The grant for UL transmission is allocated by UL Basic Assignment A-MAP IE (15.3.6.4.2.3). 
Table yy –CDMA Allocation A-MAP IE Format

	Syntax
	Size(bits)
	Notes

	CDMA_Allocation_A-MAP IE() {
	-
	-

	Resource Assignment Information
	TBD
	Size of Resource Allocation sub fields depends on system bandwidth or frequency partition size and number of concatenated subframes allocated by this IE.

	MCS
	5
	Modulation and coding scheme used for the burst

	TBD
	TBD
	

	}
	-
	-


For the bandwidth requested by the AMS, the uplink grant shall be identified by Station ID of the AMS. 
15.2.z Quality of Service (QoS)
15.2.z.1 Service classes
Table 124a—QoS parameters

	Name 


	Size (bits)
	Value



	Uplink/Downlink indicator
	1
	0 or 1

0=uplink;

1=downlink



	Maximum sustained traffic rate per flow
	6
	Extensible look-up Table 124b

(value 0b111111 indicates

TLV to follow)

	Traffic indication preference
	1
	0 or 1:

0=No traffic indication;

1=Traffic indication

	Maximum traffic burst
	6
	Extensible look-up Table 124b (value 0b111111 indicates

TLV to follow)

	Minimum reserved traffic rate
	6
	Extensible look-up Table 124b (value 0b111111 indicates

TLV to follow)

	Maximum latency
	6
	Extensible look-up Table 124c (value 0b111111

indicates TLV to follow)

	Fixed-length versus variable length SDU indicator
	1
	0 or 1:

0=variable length;

1=fixed length

	Paging preference
	1
	0 or 1:

0 = No paging generation

1 = Paging generation

	Reserved
	4
	Shall be set to 0b0000


Maximum sustained traffic rate per flow
A parameter that defines the peak information rate of the service. The rate is expressed in bits per second and pertains to the service data units (SDUs) at the input to the system. Explicitly, his parameter does not include transport, protocol, or network overhead such as MAC headers or CRCs, or non-payload session maintenance overhead like SIP, MGCP, H.323 administration, etc. This parameter does not limit the instantaneous rate of the service since this is governed by the physical attributes of the ingress port. However, at the destination network interface in the uplink direction, the service shall be policed to conform to this parameter, on the average, over time. The time that the traffic rate is averaged over shall be defined during service negotiation. On the network in the downlink direction, it may be assumed that the service was already policed at the ingress to the network. If this parameter is set to zero, then there is no explicitly mandated maximum rate. The maximum sustained traffic rate field specifies only a bound, not a guarantee that the rate is available. The algorithm for policing this parameter is left to vendor differentiation and is outside the scope of the standard.

15.2.z.2 Service Flow Management

IEEE 802.16m supports adaptation of service flow (SF) QoS parameters. One or more QoS parameter set(s) may be defined during the initial service negotiation, e.g., a mandatory primary SF QoS parameter set, and an optional secondary SF QoS parameter set, etc.  Each SF QoS parameter set defines a set of QoS parameters. If multiple SF QoS parameter sets are defined, each of them corresponds to a specific traffic characteristic for the user data mapped to the same service flow. When QoS requirement/traffic characteristics for UL traffic changes, the ABS may autonomously perform adaptation by either changing the SF QoS parameters or switching among multiple SF QoS parameter sets. The AMS may also request the ABS to perform adaptation using explicit signaling. The ABS then allocates resource according to the adapted SF QoS parameters.
The value of FID field specifies the FID assigned by the ABS to a service flow of an AMS with a non-null AdmittedQosParamSet or ActiveQosParamSet. The 4-bit value of this field is used in BRs and in MAC PDU headersGMH. This field shall be present in a ABS-initiated DSA-REQ or DSC-REQ message related to establishing an admitted or active service flow. This field shall also be present in DSA-RSP and DSC-RSP messages related to the successful establishment of an admitted or active service flow.

If a service flow has been successfully admitted or activated (i.e., has an assigned FID) the SFID shall NOT be used for subsequent DSx message signaling as FID is the primary handle for a service flow. If a service flow is no longer admitted or active (via DSC-REQ), its FID may be reassigned by the BS.
15.2.z.3 Scheduling services
Scheduling services represent the data handling mechanisms supported by the MAC scheduler for data transport on a connection. Each service flow is associated with a single scheduling service as in WirelessMAN-OFDMA reference system. A scheduling service is determined by a set of SF QoS parameters that quantify aspects of its behavior. These parameters are established or modified using service flow management procedures. 

15.2.z.3.1 Adaptive granting and polling service
The ABS may grant or poll AMS periodically and may negotiate for only primary SF QoS parameter sets, or both primary and secondary QoS parameter sets with the AMS. Initially, ABS uses QoS parameters defined in the primary SF QoS parameter set including Primary Grant and Polling Interval (GPI) and Primary Grant Size. During the service, the traffic characteristics and QoS requirement may change, for example silence-suppression enabled VoIP alternates between talk spurt and silence period, which triggers adaptation of SF QoS parameters as described below. Adaptation includes switching between primary and secondary SF QoS parameter sets or changing of GPI/Grant size to values other than what are defined in the primary or secondary SF QoS parameter set. 

Depending on the adaptation method specified during the service flow negotiation, the grant size or GPI can be changed by ABS automatically upon detecting certain traffic condition, or can be triggered by explicit signaling from AMS, such as Piggybacked Bandwidth Request, Bandwidth request signaling, QACH or Fastfeedback Channel.
There are three adaptation methods: 

· Implicit: upon detecting of certain traffic condition with respect to a pre-negotiation SF QoS parameter set, ABS automatically changes GPI and/or Grant size; or switches between GPI_primary/ Grant_Size_primary and GPI_secondary/Grant_Size_secondary if secondary SF QoS parameter set is defined.  

· Explicit, sustained: GPI and grant size change is triggered by explicit signaling from AMS such as Piggybacked Bandwidth Request, bandwidth request signaling, QACH, or fast feedback channel. Such change is sustained until next change request. If GPI_secondary/Grant_Size_secondary is defined, GPI and grant size switches between GPI_primary/ Grant_Size_primary and GPI_secondary/Grant_Size_secondary as requested by the explicit signaling; otherwise, GPI and grant size changes as indicated by QoS requirement carried in the explicit signaling as mechanisms mentioned above.
· Explicit, one time only: GPI and grant size change is triggered by explicit signaling from AMS such as in Piggybacked Bandwidth Request, bandwidth request signaling, QACH, or fast feedback channel. Such change is one-time only. If GPI_secondary/Grant_Size_secondary is defined, GPI and grant size one-time switches from GPI_primary/ Grant_Size_primary to GPI_secondary/Grant_Size_secondary; otherwise, GPI and grant size changes as indicated by QoS requirement carried in the explicit signaling as mechanisms mentioned above.
Table xxx describes the SF QoS parameters for Adaptive grant and polling scheduling service (aGPS).

Table xxx—SF QoS parameters for aGPS scheduling service

	Information Element
	Notes

	Maximum Latency (unsigned int) 
	 

	Tolerated Jitter (unsigned int)
	

	Minimum Reserved Traffic Rate (unsigned int)
	 

	Maximum Sustained Traffic Rate (unsigned int)
	 

	Traffic Priority (unsigned int)
	 

	Request/Transmission Policy  (unsigned int)
	 

	
	

	If (uplink service flow) { (Boolean )
	 

	      Scheduling Type   (unsigned int)
	aGPS

	      GPI_primary  (unsigned int)
	Primary GPI, used initially

	      GrantSize_primary (unsigned int)
	Primary grant size. If the primary grant size equals to x bytes (the newly defined bandwidth request header size), this indicates a primarily polling based service; otherwise, it is primarily granting based service. 



	      GPI_secondary  (unsigned int)
	Secondary GPI (optional)

	      Grant_Size_secondary (unsigned int)
	Secondary grant size (optional). If the secondary grant size is defined and equals to x bytes (the newly defined bandwidth request header size), this indicates a secondarily polling based; otherwise, it is a secondarily granting based service. 



	      Adaptation Method  (unsigned int)
	· Implicit adaptation
· Explicit adaptation, sustained

· Explicit adaptation, one time only

	}
	 


15.2.z.3.1.1 Handover Support

During AMS handover from Mzone/ABS to LZone/YBS, a ABS can map an aGPS service flow to a service flow of legacy scheduling type. 
If the “Adaptation Method” QoS parameter of aGPS indicates adaptation, the aGPS service flow can be mapped to an ertPS service flow if it is primarily granting based; or it can be mapped to a rtPS service flow if it is primarily polling based. 

Table yyy-2 — mapping from aGPS to ertPS/rtPS
	16m aGPS service flow 
	mapped 16e service flow 



	QoS Parameters
	Scheduling Type
	QoS Parameters 

	· Adaptation Method = Implicit adaptation or

                      Explicit adaptation - sustained or

                      Explicit adaptation - one time only

GrantSize_primary != x bytes (the newly defined bandwidth request header size)
	ertPS
	· UGI = Primary GPI

· and map equally all the other common QoS parameters between ertPS and aGPS

	· Adaptation Method = Implicit adaptation or

                      Explicit adaptation - sustained or

                      Explicit adaptation - one time only

GrantSize_primary = x bytes (the newly defined bandwidth request header size)
	rtPS
	· UPI = Primary GPI

· and map equally all the other common QoS parameters between rtPS and aGPS


15.2.z.4 Emergency Service Flow
Service flow parameters for emergency service may be pre-defined in the system.
15.2.z.4.1.1 Emergency Service Notification during initial ranging

The AMS may request for Emergency Service flow setup during initial ranging process by using a predefined ranging preamble code or by including an Emergency Service Indicator in the AAI_RNG-REQ message. Default service flow parameters are defined for emergency service flow.
If a service provider wants to support National Security/emergency Preparedness (NS/EP) priority services, the

ABS uses its own algorithm as defined by its local country regulation body. For example, in the US the algorithm to support NS/EP is defined by the FCC in Hard Public Use Reservation by Departure Allocation (PURDA).
15.2.z.4.1.2 Emergency Service Notification during connected state

============================== End of Proposed Text ===============
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