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Kevin Power, Masato Okuda, Rajni Agarwal, Luciano Sarperi, Sunil Vadgama

 Fujitsu 

1. Introduction
In the current OFDMA based IEEE 802.16e-2005 standard, the overhead due to control signalling in the physical layer is cumbersome, especially when a large number of users are scheduled per frame.  This undesired overhead is mainly due to the structure of the DL and UL MAP’s (see Figure 1), where a large number of bits are required to inform the MS of its resource within the frame.  
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Figure 1 – Resource Allocation in WirelessMAN-OFDMA
This overhead can cause serious capacity degradation especially when a large number of users have small bandwidth requirements such as in VoIP applications. Therefore, in order to meet the requirements in sections 6.10 and 7.2 of [2] we are proposing to adopt a group resource allocation mechanism for the P802.16m amendment draft where the key motivation is to reduce the control signalling overhead as opposed to maximizing throughput.
2. Group Resource Allocation

2.1   Introduction
In order to minimize overhead, especially for applications such as VoIP, it has been agreed in section 11.7.2.3.1.2 of [1] that group control information is used to allocate and configure resources to multiple mobile stations within a user group, where each group is associated with a set of resources. The group message contains bitmaps to signal resource assignment, MCS, resource size etc. 
In line with the above decisions, we are proposing a detailed Group Resource Allocation (GRA) mechanism based on C802.16m-08/786r2 which can significantly reduce overhead, especially in cases where a large number of users have small bandwidth requirements (i.e., VoIP).  Proposed amendment text is also provided.
2.2   Grouping
The proposed mechanism primarily involves two stages.  The first stage involves the service setup procedure where users with similar/adjacent MCSs and QoS requirements are grouped together.  All the users belonging to the group are given a Group ID via a unicast GRA configuration message which will provide the MS with sufficient information as to acquire the physical layer GRA signaling.  This configuration message will include the MS’s bit position in the Resource Allocation bitmap (see below) and will also provide the limited set of MCSs that are available to the group.  The resource allocated to the group can be dynamic and may be adapted on a frame by frame basis.  
2.3   Resource Allocation
The second stage of the proposed mechanism relates to the physical layer resource allocation where the MSs within the group will firstly learn the location of the shared resource followed by information indicating if an allocation exists, and if so, the required information as to locate and decode the data.  This information will be conveyed to the group of MSs via a multi-cast Group Resource Allocation IE of which a high level diagram is shown in Figure 2.
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Figure 2 – High level structure of Group Resource Allocation IE

The Group_ID will be used by the MSs to identify which Group Resource Allocation IE corresponds to them, where as the Group Resource Offset will be used to locate the beginning of the shared resource.  The same MIMO mode may also be applied to the group resource of which will indicated in the Group Resource Allocation IE.  As previously mentioned, the GRA configuration message will assign each MS within the group to a specific index/bit position within the Resource Allocation bitmap (RA_bimap).  Using this, all MSs within the group can determine if they have been allocated resource within the shared region.  If a ‘0’ exists within their position then there is no allocation, but if a ‘1’ exists then the MS has been allocated some resource.  The information required to locate and decode the data (i.e., resource size and MCS) can be indicated in two ways. The first is where each assigned MS will decode the Resource Information bitmap where 2-4 bits will be used for each allocated MS.  This bitmap will be used to indicate both resource size and MCS.  The second method utilizes two independent bitmaps, one for resource size and one for MCS where 2-bits per bitmap will be required for each assigned MS.
2.4   Resource Information bitmap
If MSs are grouped together for an application such as VoIP, then typically only two packet sizes will be present, 44 bytes (activity) and 18 bytes (SID).  As a result, it may be possible to define the voice activity packet size as part of the group message and therefore the MSs can work out their MCS by using the Resource Information bitmap in conjunction with the limited set of MCS provided in the GRA configuration message.  For the SID packet (silence), an index within the limited set of MCSs may be reserved to indicate such a packet.  Table 1 demonstrates an example where 2-bits are used to represent the resource information.  In this case, the SID packet will be transmitted at the same MCS for all MSs of which will be set to the most robust MCS of the group.
	Index
	Bitmap
	MCS
	Required RBs
	Notes

	0
	00
	QPSK 10/29
	6
	-

	1
	01
	QPSK 10/21
	4
	-

	2
	10
	QPSK 11/18
	3
	-

	3
	11
	QPSK 10/29
	3
	SID packet.  Same MCS for all users


Table 1 – Resource Information mapping example provided via the GRA configuration message. MCSs taken from [3]
The order of actual allocations will follow the order of the assigned MSs from the MSB of the Resource Allocation bitmap (i.e., The first assigned MS will be allocated resource from the lowest numbered RB proceeding the Group Resource Offset, the second assigned MS will be allocated resource from the lowest numbered RB proceeding the last allocation of the previously assigned MS and so on.) Using the mapping values in Table 1, Figure 3 illustrates an example of the resource allocation procedure.
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Figure 3 – Example of Resource allocation using Resource Information bitmap 

2.5   Resource Size bitmap & MCS bitmap
In order to improve the flexibility in the proposed mechanism (i.e., for supporting multiple VoIP codecs and various packet sizes within the same group), it is suggested that two independent bitmaps can be used instead of the Resource Information bitmap for providing the resource size and MCS.  These bitmaps are referred to as Resource size bitmap and MCS bitmap where 2-bits per assignment will be used for each bitmap.  Again, the mapping of the 2-bit code can be conveyed in the GRA configuration message.  Table 2 and Table 3 demonstrate examples for mapping the Resource Size and MCS bitmaps, respectively. 
	Index
	Bitmap
	Resource Size (RBs)

	0
	00
	6

	1
	01
	4

	2
	10
	2

	3
	11
	1


Table 2 – Resource Size mapping example.
	Index
	Bitmap
	MCS

	0
	00
	QPSK 10/29

	1
	01
	QPSK 10/21

	2
	10
	QPSK 11/18

	3
	11
	16-QAM 6/19


Table 3 – MCS mapping example.  MCSs taken from[3].
Figure 4 illustrates a resource allocation example where two independent bitmaps have been used to indicate the resource size and MCS for each assigned MS.  Again, the order of actual allocations will follow the order of the assigned MSs from the MSB of the Resource Allocation bitmap (i.e., The first assigned MS will be allocated resource from the lowest numbered RB proceeding the Group Resource Offset, the second assigned MS will be allocated resource from the lowest numbered RB proceeding the last allocation of the previously assigned MS and so on.)
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Figure 4 – Example of Resource allocation using Resource size bitmap and MCS bitmap 

2.6   Group De-allocation/Allocation
When a VoIP session is terminated for a particular MS then this MS must be de-allocated from the group.  For codecs with infrequent activity change then for the purposes of SID packet transmission, the MS may also be de-allocated from the group and thus scheduled dynamically.   The de-allocation of MSs can be conveyed within the multicast Group_Resource_Allocation_IE where the bit-index of the removed user is indicated.  As a result, the remaining users within the group can calculate their new bit-index position.   
In order to add a user to the group, the GRA configuration message will assign the user a bit-index at the end of the Resource Allocation bitmap and thus consequently increasing the bit map size.
In the case where the MS requires a group change due to a significant change in MCS, the above procedures can be used for de-allocation from the existing group and re-allocation in the new group.

If an MS belonging to the group fails to decode the Group Resource Allocation then the MS will have no knowledge of de-allocated users.  In this case, the MS may be using the wrong bit-index in subsequent frames.  To prevent this from happening, an error recovery mechanism may be employed which can be used to determine if MSs have correctly received the Group Resource Allocation IE.  The detailed error recovery mechanism is FFS.

2.7   H-ARQ Mechanism
As H-ARQ is now a mandatory feature in 802.16m [1], it is imperative that the proposed mechanism for group resource allocation can minimize overhead at all costs especially for supporting a high number of users having small bandwidth requirements.  To achieve this we are proposing that the group resource allocation procedure adopts a frame synchronised, semi-adaptive H-ARQ mechanism. As a result, there will be a fixed delay in retransmitting the packets.  The physical layer coded packet will be the same for the first transmission and subsequent retransmissions, however, the resource allocation may change.  As all parameters for the first transmitted packet are indicated in the Group Resource Allocation IE, the MSs can simply refer to these for subsequent retransmissions (i.e., resource size and MCS).  The retransmissions will be indicated by the means of additional bitmaps, where one bit map will be used for each retransmission (i.e., for a system supporting a maximum of 3 retransmissions there will be 3 independent bitmap(s) within each Group Resource Allocation IE).  Figure 5 demonstrates a high level view of the H-ARQ procedure where the retransmission delay (ReTx_Delay) is set to 1 frame and the maximum number of retransmissions is 3.
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Figure 5 – High level H-ARQ Procedure (example)
Referring to Figure 5, it is clear in Frame n that 4 MSs (#10, 8, 12 and 4) have been allocated resource for their initial transmission (RA_bitmap).  As the ReTx_Delay is 1 frame, in Frame n+1, the 1st ReTx bitmap will comprise of 4 bits (i.e., one bit to represent each allocated MS in Frame n).  A ‘0’ will indicate there is no retransmission where as a ‘1’ will signify a retransmission is present.  In Frame n+2, the 2nd ReTx bitmap will comprise of 3 bits (i.e.,one bit to represent each MS allocated a 1st ReTx in Frame n+1).  Finally, in Frame n+3, the 3rd ReTx bitmap contains 1 bit which represents the MS allocated a 2nd ReTx in Frame n+2.  For a system supporting up to 3 retransmissions, Table 3 highlights the required number of bits used to represent each of the ReTx bitmaps.  It is suggested that the ACID used for the H-ARQ transmissions is dedicated to the connection. The ACID used will be signalled as part of the GRA configuration message or DSA-REQ/RSP (H-ARQ Channel Mapping TLV).
	Bitmap
	Size (bits)

	1st ReTx 
	No. of MS allocated initial Tx in Frame (n – ReTx_Delay)

	2nd ReTx
	No. of MS allocated 1st ReTx in Frame (n – ReTx_Delay)

	3rd ReTx
	No. of MS allocated 2nd ReTx in Frame (n – ReTx_Delay)


Table 3 – Size of ReTx bitmap
The actual allocation of the transmissions and retransmissions within the group resource will follow the order of the bitmaps.  For example, the initial transmissions indicated by RA_bitmap will be allocated first within the shared resource followed by the 1st ReTx allocations and so on.   Figure 6 clearly demonstrates this process.  Note, the MSs with retransmissions will be allocated in the same manner as those with initial transmissions (i.e., The order of allocations will follow the order of the assigned MSs from the MSB of the ReTx bitmap)
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Figure 6 – Resource Allocation Procedure for retransmissions
3. Proposed Text

Add the following text to the IEEE 802.16m Amendment Working Document [4].

      ---------------------------------------------------- Text Start --------------------------------------------------------

[Add new section 15.2.x , Group Resource Allocation]

15.2.x Group Resource Allocation

Group resource allocation is a technique used to reduce unicast control signaling overhead for connections with low bandwidth requirements and relatively fixed payload size.  During the service setup procedure, MSs with similar/adjacent MCSs and QoS requirements may be grouped together.  The MSs belonging to the group shall be provided with sufficient information via the GRA configuration message as to acquire the relevant resource allocation control signaling.  The resource allocated to the group can be dynamic and may be adapted on a frame by frame basis.
15.2.x.1 GRA Configuration message

This unicast message shall be sent by the BS to inform each MS belonging to the group the information required to locate and decode the resource allocation control signaling.  The message will include the following:

· The Group ID
· The MSs bit-index within the Resource Allocation bitmap (RA_bitmap)
· The number/type of bitmaps used to provide the MCS and resource size for the MSs allocation
· H-ARQ Retransmission Delay (ReTx Delay)
· ACID

· Limited set of MCSs available to the group

Note, the mapping of MCS and resource size to bitmap code is FFS

	
Syntax

	Size

(bit)
	Notes

	GRA_Configuration_Message_Format() {
	-
	-

	Group_ID
	3
	-

	Bit-index within RA_bitmap
	TBD
	Depends on max. bitmap length

	Type of bitmap for RA 
	1
	0 = 1 bitmap (Resource Info bitmap)
1 = 2 bitmaps (Resource Size bitmap & MCS bitmap)


	If (Type of bitmap for RA == 0){
	-
	

	    Resource Info bitmap size per allocated MS
	2
	Up to 4 bits can be used per allocated MS

	}
	-
	-

	else{
	-
	-

	Size of Resource Size bitmap & MCS bitmap per allocated MS
	1
	0 = 2 bits

1 = reserved

	}
	
	

	H-ARQ ReTx Delay
	2
	In units of frames

	ACID
	4
	ARQ Channel Identifier.  Shall be the same for the duration of the connection

	}
	-
	-


Table x1 – GRA Configuration message format

15.2.x.2 Group Resource

The resources for group allocations are relative to the boundary of the shared group region, which is identified by the Group_ID. The position of a MSs resource shall be determined based on the offset of the shared region and the bitmaps which are conveyed via the Group Resource Allocation IE.  The same MIMO mode may be applied to the group resource of which will be indicated in the Group Resource Allocation IE.

15.2.x.3 Resource Allocation

Resource allocation is where the MSs within the group will determine if an allocation exists, and if so, acquire the relevant information as to locate and decode the data.  This information shall be conveyed to the group of MSs via a multi-cast Group Resource Allocation IE.  Using the bit-index assigned in the GRA Configuration message, the MSs shall scan the RA_bitmap and determine if an allocation is present.  If a ‘0’ exists within their position then there is no allocation, but if a ‘1’ exists then the MS has been allocated some resource.  The information required to locate and decode the data (i.e., resource size and MCS) can be indicated in two ways. The first is where each assigned MS shall decode a Resource Information bitmap, where 2-4 bits will be used for each allocated MS.  This bitmap will be used to indicate both resource size and MCS.  The second method shall use two independent bitmaps, one for resource size and one for MCS where 2-bits per bitmap shall be required for each allocated MS.
15.2.x.4 Resource Information bitmap

For supporting applications with low bandwidth requirements and fixed payload sizes, the Resource Information bitmap may be used to indicate the resource size and MCS for each allocated MS.  The mapping of resource size and MCS to bit-map code is conveyed in the GRA Configuration message.  An example of such mapping is shown in Table x2 where 2 bits per allocated MS are used to indicate resource size and MCS. The detailed mapping mechanism is FFS.

	Index
	Bitmap
	MCS
	Required RBs

	0
	00
	QPSK 10/29
	6

	1
	01
	QPSK 10/21
	4

	2
	10
	QPSK 11/18
	3

	3
	11
	QPSK 10/29
	3


Table x2 – Example for mapping Resource size and MCS to bit-map

The order of actual allocations shall follow the order of the assigned MSs from the MSB of the RA_bitmap (i.e., The first assigned MS shall be allocated resource from the lowest numbered RB proceeding the Group Resource Offset, the second assigned MS shall be allocated resource from the lowest numbered RB proceeding the last allocation of the previously assigned MS and so on). Using the mapping values in Table x2, Figure x1 illustrates an example of the resource allocation procedure.
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Figure x1 – Example of resource allocation using Resource Information bitmap

15.2.x.5 Resource Size bitmap & MCS bitmap

For applications with low bandwidth requirements and relatively fixed or variable payload sizes, two independent bitmaps may be used for providing the resource size and MCS for each allocated MS.  These bitmaps are referred to as Resource size bitmap and MCS bitmap where 2-bits per allocated MS will be used for each bitmap. The mapping of the 2-bit code is FFS.  Table x3 and Table x4 demonstrate examples for mapping the Resource Size and MCS bitmaps, respectively. 

	Index
	Bitmap
	Resource Size (RBs)

	0
	00
	6

	1
	01
	4

	2
	10
	2

	3
	11
	1


Table x3 – Resource Size mapping example.

	Index
	Bitmap
	MCS

	0
	00
	QPSK 10/29

	1
	01
	QPSK 10/21

	2
	10
	QPSK 11/18

	3
	11
	16-QAM 6/19


Table x4 – MCS mapping example.  

Figure x2 illustrates a resource allocation example where two independent bitmaps have been used to indicate the resource size and MCS for each allocated MS.  The order of actual allocations shall follow the order of the assigned MSs from the MSB of the Resource Allocation bitmap (i.e., The first assigned MS shall be allocated resource from the first RB proceeding the Group Resource Offset, the second assigned MS shall be allocated resource from the first RB proceeding the last allocation of the previously assigned MS and so on.)
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Figure x2 – Example of resource allocation using Resource size & MCS bitmaps
15.2.x.6 Group De-allocation and Allocation 

The de-allocation of a MS from a group can be conveyed within the Group_Resource_Allocation_IE where the bit-index of the removed user is indicated.  As a result, the remaining MSs within the group can calculate their new bit-index position.   

In order to add a user to the group, the GRA Configuration message will assign the user a bit-index at the end of the Resource Allocation bitmap.
In the case where the MS requires a group change due to a significant change in MCS, the above procedures can be used for de-allocation from the existing group and re-allocation in the new group.

15.2.x.7 H-ARQ Mechanism
To minimize overhead, a frame synchronised, semi-adaptive H-ARQ mechanism shall be used for group resource allocation.  As a result, there shall be a fixed delay in retransmitting the packets defined by ReTx_Delay.  The physical layer coded packet will be the same for the first transmission and subsequent retransmissions, however, the resource allocation may change.  The same ACID shall be used for the duration of the connection of which shall be indicated in the GRA configuration message.  As all parameters for the first transmitted packet are indicated in the Group Resource Allocation IE, the MSs shall refer to these for subsequent retransmissions (i.e., resource size and MCS).  The retransmissions shall be indicated by the means of additional bitmaps, where one bit map will be used for each retransmission number (i.e., for a system supporting a maximum of 3 retransmissions there will be 3 independent bitmap(s) within each Group Resource Allocation IE).  Figure x3 demonstrates a high level view of the H-ARQ procedure where the retransmission delay (ReTx_Delay) is set to 1 frame and the maximum number of retransmissions is 3.
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Figure x3 – High level H-ARQ Procedure (example)
Referring to the example in Figure x3, in Frame n, 4 MSs (#10, 8, 12 and 4) have been allocated resource for their initial transmission (RA_bitmap).  As the ReTx_Delay is 1 frame, in Frame n+1, the 1st ReTx bitmap will comprise of 4 bits (i.e., one bit to represent each allocated MS in Frame n).  A ‘0’ will indicate there is no retransmission where as a ‘1’ will signify a retransmission is present.  In Frame n+2, the 2nd ReTx bitmap will comprise of 3 bits (i.e.,one bit to represent each MS allocated a 1st ReTx in Frame n+1).  Finally, in Frame n+3, the 3rd ReTx bitmap contains 1 bit which represents the MS allocated a 2nd ReTx in Frame n+2.  
The actual allocation of the transmissions and retransmissions within the group resource shall follow the order of the bitmaps.  For example, the initial transmissions indicated by RA_bitmap shall be allocated first within the shared resource followed by the 1st ReTx allocations and so on. Figure x4 clearly demonstrates this process.  Note, the MSs with retransmissions shall be allocated in the same manner as those with initial transmissions (i.e., The order of allocations shall follow the order of the allocated MSs from the MSB of the ReTx bitmap)
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Figure x4 – Resource Allocation Procedure for retransmissions
15.2.x.8 Error Recovery Mechanism

FFS
[Add new section 15.3.x.y , Group Resource Allocation IE]

15.3.x.y Group Resource Allocation IE
Group resource allocation is a technique used to reduce unicast control signaling overhead for connections with low bandwidth requirements and relatively fixed payload size. The Group Resource Allocation IE shown if Table xxx shall provide resource allocation information to a group of MSs.

	
Syntax

	Size

(bits)
	Notes

	Group_Resource_Allocation_IE() {
	-
	-

	Group_ID
	3 
	-

	Group resource offset
	variable
	Depends on BW

	MIMO mode
	2
	

	RA_bitmap_size
	variable
	Depends on total number of MSs in group

	Resource Bitmap Type
	1
	0 = 1 bitmap (Resource Info bitmap)
1 = 2 bitmaps (Resource Size bitmap & MCS bitmap)

	No. of removed MSs
	variable
	

	No. of Retransmissions 
	2
	Max. 4 retransmissions 

	RA_bitmap
	N_of_MSs
	Total number of MSs in group

	       For (j=0;j<No. of removed MSs; j++) {
	
	

	                 MS bitmap position
	variable
	

	         }
	
	

	If (Resource Bitmap type == 0 ){
	-
	-

	       Resource Information bitmap
	variable
	Depends on number of assigned MSs and size of  Resource Information bitmap per MS

	        }  el se  {
	-
	

	                Resource size bitmap
	variable
	Will be Number of  allocated MSs*2

	                MCS bitmap
	variable
	Will be Number of  allocated MSs*2

	         }
	-
	

	        For (i=0;i<No. of retransmissions; i++) {
	
	

	                 Retransmission bitmap
	variable
	

	         }
	
	

	}
	-
	-


Table xxx – Group Resource Allocation IE
4. References
[1]
IEEE 802.16m-08/003r5, “IEEE 802.16m System Description Document”

[2]
IEEE 802.16m-07/002r6, “IEEE 802.16m System Requirements”

[3]
IEEE 802.16m-08/1425 “Modulation and Code Set Design for 16m”, Fujitsu 

[4]
IEEE 802.16m-08/050 “IEEE 802.16m Amendment Working Document”
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