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Group Resource Allocation mechanism in 16m
1. Introduction
The IEEE 802.16REV2 introduced the Persistent Allocation (PA) mechanism to efficiently handle applications such as VoIP. The idea of PA is to allocate resources for a certain period of time with only one MAP IE. However, the persistent allocation mechanism presents some disadvantages which may result in a quite complex and unstable mechanism. For example, the reception of a persistent allocation or deallocation needs to be confirmed by the AMS to avoid problems. Furthermore, when a VoIP connection is changing its state from Active to Silent and vice-versa the status of the persistent allocation needs to be reset.

In this contribution we will present a group resource allocation (GRA) mechanism for IEEE 802.16m to efficiently handle those applications which have a well-known and regular packet size, such as VoIP. VoIP is an application which produces packets at regular time intervals (e.g. every 20ms) and with predefined size. Generally, VoIP applications have a limited set of packet size (e.g. one size for activity periods and another one for silence periods).
As stated above, the GRA mechanism, which we will present in this contribution, reduces the MAP overhead for those applications with a well-known and small packet size. We will firstly describe the high level GRA mechanism for IEEE 802.16REV2 and we will present a performance comparison of GRA, Persistent Allocation and normal MAP allocation in IEEE 802.16REV2. Then we will present the detailed mechanism for IEEE 802.16m, and finally we will present our proposed changes to the current IEEE 802.16m amendment document. 

1.1 General overview on the GRA mechanism

The high level overview of GRA mechanism for IEEE 802.16REV2 is reported in Figure 1. The GRA mechanism for REV2 is based on three bitmaps. The first level bitmap, called group bitmap, indicates which group is active in the current frame. Each group is associated with one bit of the bitmap. If the corresponding bit is set to ‘1’ in a frame, it means that resources are allocated and notified to that group in that frame. The second level bitmap indicates which CID is active within each group. Each CID is associated with one bit of the second level bitmap. If the corresponding bit is set to ‘1’, it means that resources are allocated to that CID in that frame. Finally a third level bitmap is transmitted for each CID which has its corresponding bit set to ‘1’ in the second level bitmap. The third bitmap refers to a known location with a known MCS in the radio frame. That location is the actual allocation for the CID.
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Figure 1. GRA mechanism overview.
With GRA the size of the HARQ MAP IE (based on REV2) can be expressed by the following equation: 

HARQ GRA IE size [bytes] = 


ceil( ( 26 + nGroups + (nActiveGroups * groupSize) + sum( nActiveCIDs(i) ) * ( diucSize + 1 ) ) / 8 )
where nGroups indicates the number of defined groups (e.g. size of the first level bitmap); nActiveGroups indicates the number of active groups, groupSize indicates the number of users within each group, nActiveCIDs indicates the number of CIDs active within the whole set of groups and diucSize indicates the size of the third level bitmap for each user.
1.2 Performance analysis of GRA

In this section we will present a simulation analysis to compare GRA with PA and normal map allocation in REV2. The scope of this analysis is to show the advantages of the GRA mechanism over the IEEE 802.16REV2 mechanisms. The PA has been simulated in an ideal scenario without errors on map transmission and no overhead for the MAP feedback. HARQ retransmissions were handled with unicast allocation for both PA and GRA. 
In case of PA, we considered three different allocation strategies in order to understand the impact of MCS change on the PA mechanism. The first strategy was to never change the MCS of an AMS which has an allocation with PA (e.g. to use always the most robust MCS). The first strategy minimizes the number of deallocation/allocation of a new PA due to MCS change. The second strategy, called PA with Half MCS change, reallocates a PA every time the AMS has to use a lower MCS compared to the actual one. Finally, the third strategy, called PA with Full MCS changes, reallocates a PA every time the AMS supports a new MCS. Furthermore, the resource holes problem with PA was not taken into account in these simulations. It is worth noting that the comparison has been done in the very best conditions for PA and the obtained results represent an upper bound to the PA performances.  

In all the scenarios, we varied the number of users from 5 to 200 and we compared the following allocation strategy: non persistent allocation (e.g. normal map mode); PA in three different cases as stated above; GRA (indicated as Semi-Persistent). The simulation has been carried out with a MATLAB simulator with the set of parameters defined in EVM. The list of main parameters is reported in Table 1 .

Table 1. Main simulation parameters.

	Parameter
	Value

	Users per group
	16

	User assignment to a group
	Random

	Jitter
	Two scenarios: with and without jitter. Jitter is modeled according to EVM

	Users
	From 5 to 200

	Simulation length 
	1500 frames

	Frame length
	5 ms

	UL/DL Ratio
	24/23

	Number of drops
	200
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Figure 2. DL MAP Overhead.
Figure 2 shows the average map size (in percentage of the whole DL frame), whereas Figure 3 shows the average DL MAP size related to dynamic part of the map messages (e.g. the part depending only on IEs).

As we can see from Figure 2 and Figure 3, GRA mechanism always slightly outperforms PA mechanism, even though we simulated PA under ideal conditions.
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Figure 3. DL MAP Overhead (only dynamic part).

Furthermore, in order to understand the impact of jitter on GRA, Figure 4 reports a simulation comparison between GRA and normal map mode. As we can see, there are no noticeable differences between the cases of GRA with and without jitter. The reason is that we already evaluated GRA mechanism in the worst case scenario, where a user is assigned randomly to a group. More clever strategies may assign users to a group based on the periodicity of VoIP traffic, in order to minimize the number of active users at the same time (e.g. to reduce the bitmap size). As expected, the average MAP size in case of normal allocation does not depend on the jitter.
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Figure 4. DL MAP Overhead with jitter.
2. GRA Operations in IEEE 802.16m
The GRA mechanism for IEEE 802.16m is based on a two level bitmap. The first bitmap level is used to identify which users are active within one group in a subframe, whereas the second bitmap level is used to identify a pair <MCS, Resource Assignment Information> which point to the actual allocation. This aforementioned pair is chosen from a set of pre-determined values optimized for a specific application.
Specifically, we propose to transmit, in each subframe where GRA is needed, a GRA A-MAP IE to each group scheduled in the subframe. As said, the GRA A-MAP IE refers to one group only and that group is indicated by masking the CRC with the Group ID. The GRA A-MAP IE also contains a bitmap, indicating which AMSs are active. For each active AMS, an index (4 bits) is used to identify the resource allocation. 

The ABS controls which AMS belongs to each group and the associations AMS-group are done by using a unicast message. Note that, an AMS do not need to know information about other AMSs in its group. This simplifies the error handling procedure and do not introduce any additional complexity in the allocation mechanism compared to PA. According to the PA mechanism defined in REV2, if an allocation is removed, a resource shifting procedure may be needed in order to serve a new AMS.
2.1 HARQ support in GRA

The HARQ mechanism is a mandatory feature in IEEE 802.16m. The HARQ mechanism requires the following information to be transmitted for each burst: ACID (4 bits), AI_SN (1 bit), SP_ID (2 bits). One simple solution would be to include all those information into the GRA IE related to one AMS. However, this will increase the overhead of our proposed mechanism. For the above reasons, we propose to reserve a set of ACIDs for HARQ transmissions. Specifically, the ABS may decide to reserve a set of ACIDs to be used only for group operations and the ABS cannot use those ACIDs to schedule any new unicast transmission to any of the AMSs belonging to that group. With this mechanism, the ACID can be shared among all the AMSs in the group (please refer to Figure 5).
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Figure 5. Reserved ACIDs for GRA mechanism.

If a common ACID is used for one GRA transmission, AI_SN and SP_ID can be also shared within a group. This will allow reducing the size of the GRA A-MAP IE, while keeping the support for HARQ mechanism. The HARQ retransmissions, whose first transmission happened with GRA, can be handled by the ABS in two different ways: 

· Using GRA for retransmission (the same ACID will be used);

· Using a unicast HARQ allocation for each AMS involved in retransmissions.
The choice between the two options it’s up to the ABS and may depend on the number of users which successfully decode the first transmission.
Please note that in our proposal for IEEE 802.16m, there is no need to identify any first level bitmap to identify the group that are active, because we can use an A-MAP IE for each group. The CRC is masked with the GID. This will remove completely the overhead to signal which group is active. 

References
[1] IEEE P802.16 Rev2/D8, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Dec. 2008.

[2] IEEE 802.16m-07/002r7, “802.16m System Requirements” 
[3] IEEE 802.16m-08/003r6, “The Draft IEEE 802.16m System Description Document”
[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
3. Text proposal for inclusion in the 802.16m amendment
|-------------------------------  Text Start  --------------------------------------------------- 
3. Definitions

[Insert the following definitions (Section 3):]
4. Abbreviations and acronyms
[Insert the following abbreviations and acronymns (Section 4):]

GID

Group ID
GRA

Group Resource Allocation

[Insert the following paragraph in Section 6:]
15.2.x Group Resource Allocation

GRA is used to reduce A-MAP overhead for connections with a pre-determined and well-known packet size, e.g. VoIP. Instead of allocating resources to each single user, the ABS may create one or more groups, each group  contains several users. The allocation for a group of users relies on two level bitmaps to efficiently address resources to users belonging to that group. A first bitmap (active_users) is used to identify which users are active within one group, while the second bitmap (GRA_DIUC) is a pointer to a table which contains a pre-determined set of pairs <MCS, Resource Assignment Information>. To allocate resources with GRA, the ABS shall transmit the GRA A-MAP IE (Section 15.3.6.5.2.2.x). A GRA A-MAP IE allocates resources to one or more STIDs within a group using active_users bitmap. The ABS shall use GRA to allocate only one UL and one DL FID from the same AMS. The Group Maintenance message (Section 15.2.x.1) is used to add/remove user to/from a group. A group is identified by a unique GID.
For HARQ operation, the ABS shall reserve up to 4 ACIDs (0-3) for GRA. The AMSs in the group are not assigned the same ACID for their first transmission of any unicast resource allocation. ABS may allocate resources for HARQ retransmissions using GRA A-MAP IE. Depending on the number of failed HARQ transmissions within a group, ABS may retransmit the whole group or only the failed individual HARQ bursts. For the whole group HARQ retransmission, the GRA A MAP IE shall carry the same ACID as in the first HARQ transmission. For the individual HARQ retransmission, the unicast A-MAP IE shall carry the same ACID as the one used by the GRA allocation. This allows receiver to correctly identify the HARQ retransmission attempt. 
[Insert the following text into section 15.3.6 :] 
15.3.6 DL Control Structure
15.3.6.5.2.2 Assignment A-MAP IE
· GRA A-MAP IE
ABS may use DL GRA A-MAP IE to allocate DL resources to multiple STIDs within a group. A DL GRA A-MAP IE contains information related to one group. The ACID value in the HARQ retransmissions should be set to the same value used for the first transmission.
The resource allocation for a group follows the same rules for allocation defined by the A-MAP IE. The group ID implicitly defines the downlink or uplink direction of the allocation.

Table XXX. GRA A-MAP IE

	Syntax
	Size
	Notes

	GRA A-MAP IE {
	 
	 

	  Group-allocation start offset
	TBD
	Starting point in terms of LRU of the group allocation.

	  HARQ_Feedback_Index
	TBD
	Index to the first channel in the related UL sub-frame where the ACK of the first allocation should be transmitted. 

	  ACID
	2
	LSBs group ACID

	  AI_SN
	1
	

	  Shared_SP_ID
	1
	1: A shared SP ID is used for the all users in the group
0: Each user will use its own SP_ID

	  if (Shared_SP_ID == 1) {
	
	

	    SP_ID
	2
	

	  }
	
	

	  active_users
	variable
	Length of the bitmap:
 8 bits, if there are   8 AMSs in the group
16 bits, if there are 16 AMSs in the group
24 bits, if there are 24 AMSs in the group
32 bits, if there are 32 AMSs in the group

	  for (n=0; n < #active_users; n++) {
	
	 

	    if (active_users[n] == 1 {
	
	

	      GRA_DIUC
	4
	GRA_DIUC specifies both the MCS and the number of LRUs.

	      if (Shared_SP_ID == 0) {
	
	

	        SP_ID
	2
	

	      }
	
	

	  Padding
	variable
	

	  CRC
	12
	The CRC is masked with the GID 

	}
	
	


Group-allocation start offset: Starting point in terms of LRU of the group allocation. The first allocation specified in the GRA A-MAP IE will start from the Group-allocation start offset. Each subsequent allocation in the GRA A-MAP IE will start from the end of the previous one.

HARQ_Feedback_Index: Index of the first channel in the related UL HARQ Feedback region where the HARQ ACK of the first allocation should be transmitted. Each subsequent allocation in the GRA A-MAP IE will transmit the HARQ ACK in the next index of the HARQ feedback region. 

GRA_DIUC: specifies both the MCS and the Resource Assignment Information for the current burst. The mapping value for the GRA_DIUC is reported in Table XXX.

ACID: The HARQ channel identifier, which is used to identify HARQ channels. Each connection can have multiple HARQ channels, each of which may have an encoder packet transaction pending.

AI_SN: The HARQ identifier sequence number. This is toggled between 0 and 1 on successfully transmitting each encoder packet with the same ARQ channel.

Shared_SP_ID: The Shared_SP_ID is used to identify whether the SP_ID is shared among AMSs in the group or each AMS uses its own SP_ID.
SP_ID: The HARQ subpacket identifier, which is used to identify the four subpackets generated from an encoder packet. The SPID field only applies to FEC modes supporting incremental redundancy.
Table XXX. GRA_DIUC Mapping table

	GRA_DIUC
	<MCS, Resource Assignment Information>

	0000
	<QPSK 1/2, 4 LRUs>

	0001
	<TBD, TBD>

	0010
	<TBD, TBD>

	0011
	<TBD, TBD>

	0100
	<TBD, TBD>

	0101
	<TBD, TBD>

	0110
	<TBD, TBD>

	0111
	<TBD, TBD>

	1000
	<TBD, TBD>

	1001
	<TBD, TBD>

	1010
	<TBD, TBD>

	1011
	<TBD, TBD>

	1100
	<TBD, TBD>

	1101
	<TBD, TBD>

	1110
	<TBD, TBD>

	1111
	<TBD, TBD>


The Table XXX specifies the set of resources assigned to each GRA allocation. Specifically, it contains two columns: each cell of the first column contains an index to the row, whereas each cell of the second column contains a pair <MCS, Resource Assignment Information>. The GRA_DIUC field in GRA A-MAP IE specifies an allocation for an AMS in terms of an index to a row of Table XXX. The size of the Resource Assignment Information is specified as number of LRUs.
15.2.x.1 Group Maintenance message
ABS may use Group Maintenance message to create/update/remove a group for GRA mechanism. This message is intended for one AMS. The ABS shall not allocate resources to an AMS before the HARQ ACK related to the PDU, which contains this message, is received.
Table XXX. Group Maintenance message.

	Syntax
	Size (bits) 
	Notes

	GROUP MAINTENANCE {
	 
	 

	  Management Message Type=xx
	8
	

	  GID
	12
	The ID of the GRA group.

	
	
	

	  N_ACID
	2 
	01: ACIDs 0-1 are reserved;
10: ACIDs 0-2 are reserved;
11: ACIDs 0-3 are reserved;
00: reserved;

	  action
	1 
	0: add user
1: remove user

	  if (action == 0) {
	
	

	    N_USERS_GROUP
	2
	Number of users within this group.
00:  8 AMSs in the group
01: 16 AMSs in the group
10: 24 AMSs in the group
11: 32 AMSs in the group

	    if (N_USERS_GROUP == 00) {
	
	

	      index
	3 
	

	    } else if (N_USERS_GROUP == 01) {
	
	

	      index
	4 
	

	     } else {
	
	

	      index
	5 
	

	    }
	
	

	  }
	
	

	  Need Acknowledgement
	1
	Specify if this message requires a dedicated acknowledgement.

1: acknowledge is needed
0: acknowledge is not needed

	  padding
	variable
	

	}
	
	


N_USERS_GROUP: specifies the number of AMSs belonging to this group. 
N_ACID: The set of HARQ channel identifiers reserved for this group.

Index: specifies the index of the AMS within the group bitmap.

-------------------------------  Text End  ---------------------------------------------------[image: image6.png]
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