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Proposed Text on Group Resource Allocation

Xianming Chen, Yanfeng Guan, Wei Xia, Ying Liu, Huiying Fang, Bo Sun
ZTE Corporation
1 Introductions
This contribution provides modified text for the Group Resource Allocation in the Advanced Air Interface to be included in Section 15.2.8 and 15.3.6.5.4 of the IEEE 802.16m Draft Amendment [1] and accepted contribution [2] [3]. The proposed update is developed so that it can be readily combined with P802.16m/D1 [1], it is compliant to the 802.16m SRD [4] and the 802.16m SDD [5], and it follows the style and format guidelines in [6]. 

2 Problems

In P802.16m-D1, there are some problems on group resource allocation as follows:

1) The description on MAC operation is not clear, some texts are redundant.
2) How to configure or signal HARQ Burst Size for a group is still TBD.
3) When computing the effective combinations of the HARQ Burst Size and Resource Allocation Size, the resource allocation size is calculated according to the nominal MCS, and then the resource allocation bitmap index is generated based on nominal MCS. The whole process is not compliant with the current rate matching method defined in the channel coding section. 
4) IEs related to group resource allocation are not still complete. 
Based on the problems mentioned above, this contribution proposes detailed text on sections: Grouping Mechanism, Group Configuration, Bitmaps in group resource allocation and Group Configuration IE. 
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Proposal Text #1
----------------------------------------------- Text # 1 Starts-----------------------------------------------------------15.2.8 Group Resource Allocation 

Group Resource Allocation mechanism allocates resources to multiple users as a group in order to save con​trol overhead. The mechanism takes advantage of common traffic characteristics.
15.2.8.1 Grouping Mechanism

and gGrouping is done based on some common parameters such as nominal MCS (modulation and coding scheme), MIMO mode and resource size, which further saves overhead. 
15.2.8.1 Grouping Mechansim
AMSs are assigned to groups based on MIMO mode, and the combination of HARQ burst size and the resource allocation size (number of LRUs). A set of n-bit codes can be used to represent the different combi​nations of HARQ burst sizes and resource sizes that are used by a group. These codes are included in a bit​map as part of the group’s resource allocation information.
15.2.8.2 Group Configuration

A group facilitates the dynamic link adaptation on the limited set of MIMO mode, nominal MCS levels and HARQ data burst sizes.
ABS configures a Group MIMO Mode Set for each group among the predefined candidate sets listed in Table 710 for downlink and Table 711 for uplink. When an AMS is added into the group, the configured Group MIMO Mode Set ID is indicated through Group Configuration IE. The assigned MIMO mode to AMS in the group shall be chosen from the configured set.
Table 710 – DL MIMO mode set candidates

	ID
	DL Group MIMO Mode Set
	SM restriction

	0b00
	Mode 0
	

	0b01
	Mode 0, Mode 1
	Mt = 2

	0b10
	Mode 2
	Mt = 1

	0b11
	Mode 2, Mode 4
	Mt = 1


Table 711 – UL MIMO mode set candidates

	ID
	UL Group MIMO Mode Set
	SM restriction

	0b00
	Mode 0
	

	0b01
	Mode 0, Mode 1
	Mt = 2

	0b10
	Mode 3
	Mt = 1

	0b11
	reserved
	


ABS configures a range of nominal MCS spectral efficiency (SE) supported for each group by indicating the highest and lowest nominal MCS SE through Group Configuration A-MAP IE for both downlink and uplink. The allocation size spectral efficiency to AMS in the group shall be determined based on the nominal MCS levels allocation size and HARQ burst size.
ABS configures a range of HARQ Burst Size Set supported for each group among the predetermined [4, TBD] HARQ Burst Size Set Candidates by indicating the highest and lowest HARQ Burst Size through Group Configuration A-MAP IE for both downlink and uplink. Those candidates are signaled to AMSs via the S-SFH (TBD). When an AMS is added into the group, the configured HARQ Burst Size Set ID is indicated through Group Configuration A-MAP IE. The assigned HARQ burst size to AMS in the group shall be chosen from the configured set specified by the highest and lowest HARQ Burst Size.
15.2.8.3.5 Bitmaps in Group Resource Allocation

GRA uses bitmaps to signal resource allocation information for AMSs within a group. These bitmaps are sent in the Group Resource Allocation IE. The first bitmap is the User Bitmap which uses 1 bit per user to signal which users are scheduled in the frame.
The second bitmap is MIMO Bitmap which is used to indicate the assigned MIMO mode, when multiple MIMO modes and SM parameters are supported in the group. The existence of second bitmap and the length of bits per scheduled AMS are listed in Table 712 and Table 713.
Table 712 –MIMO Bitmap Information for DL

	MIMO Mode Set
	Existence of second bitmap
	Length of bit per scheduled AMS
	MIMO mode indication

	0b00
	No
	-
	OL SU-MIMO (SFBC with non-adaptive precoder) 

	0b01
	Yes
	1
	0b0: OL SU-MIMO (SFBC with non-adaptive precoder) 

0b1: OL SU-MIMO (SM with non-adaptive precoder) with Mt=2

	0b10
	No
	-
	CL SU-MIMO with Mt=1

	0b11
	Yes
	1
	0b0: CL SU-MIMO with Mt=1

0b1: CL MU-MIMO with Mt=1, Nt=2


Table 713 –MIMO Bitmap Information for UL

	MIMO Mode Set
	Existence of second bitmap
	Length of bit per scheduled AMS
	MIMO mode indication

	0b00
	No
	-
	OL SU-MIMO (SFBC with non-adaptive precoder)

	0b01
	Yes
	1
	0b0: OL SU-MIMO (SFBC with non-adaptive precoder)with Mt=2

0b1: OL SU-MIMO (SM with non-adaptive precoder) with Mt=2

	0b10
	No
	-
	OL MU-MIMO with Mt=1, TNS=2


When MIMO Mode Set of the group contains MU-MIMO, PSI Bitmap and Pairing Bitmap appear to deter​mine AMS pair sharing same resource. PSI Bitmap uses 1 bit per scheduled AMS to indicate the assigned pilot stream index (PSI).
Pairing Bitmap uses to indicate a pair of two AMSs using different PSI. The number of bits per pair in the Pairing Bitmap depends on the total number of pairs in the group. If there are n pairs in the group, the num​ber of bits per pair is p = ceil[log2(n)]. The AMSs using PSI=0 is assigned an index starting from 0 to n - 1 in the same order in which they appear in the bitmap. Every p bits in the pairing bitmap are assigned to the AMS using PSI = 1 in the same order in which they appear in the PSI Bitmap. These p bits carry the index of AMS with PSI = 0 that is paired with corresponding AMS with PSI = 1.
The third bitmap is the Resource Allocation bitmap which uses n bits per AMS to signal the HARQ burst size and Resource Size for the scheduled AMS in the subframe or extended subframe that are scheduled in the frame. An example of bitmaps is shown in Figure 421. The scheduled AMSs may have different number of bits in the third bitmap when they are assigned different MIMO mode and SM parameter.
The bit length used for a scheduled AMS is determined by the total number of effective combinations for HARQ burst size and resource size for the assigned MIMO mode with SM parameter. Effective combinations are derived by subtracting useless combinations among all possible combinations. The following steps are needed to find the effective combinations.
· Step 1: List all possible combination set of nominal MCSs and burst sizes for that group C={ C(0,0), C(0,1), …, C(M,B) }
Table 714-Combination indexes

	MCS/ HARQ data burst size
	1
	2
	…
	B (Highest burst size)

	1
	C(1,1)
	C(1,2)
	…
	C(1,B)

	2
	C(2,1)
	C(2,2)
	…
	C(2,B)

	…
	…
	…
	…
	…

	M (Highest MCS)
	C(M,1)
	C(M,2)
	…
	C(M,B)


C(m,b): Combination index for MCS m, HARQ data burst size b

· Step 2: For each HARQ data burst size, useless combination is chosen when it requires same resource size with a lower MCS level comparing to others due to the resource granularity. For 
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Where
U1: Useless combination set type 1
IM : Group nominal MCS set chosen by including all nominal MCSs from the lowest to the highest in the group.
IB : Group HARQ burst size set
N(m, b) : Resource size which is an integer number of required LRUs for nominal MCS m, HARQ data burst size b
N(m, b) = ceil(the number of RUs required for nominal MCS m and HARQ data burst size b)
· Step 3: Derive effective combination set (E) which is
E = C – U1
List all K HARQ data burst sizes in a group, and from the smallest to the biggest, orderly perform step 1, step 2 and step 3 for each HARQ data burst size. 
For kth HARQ data burst size Bk:

Step 1: Calculate possible IMinimulSize and ISizeOffset combination by querying Table 764 (refer to Channel Coding Section), and then get possible Sk (Sk >=1) resource allocation sizes according to all the possible IMinimulSize.
Step 2: From the smallest resource allocation size to the biggest one, calculate Ek (Ek >=1) spectral efficiency according to Sk resource allocation sizes and HARQ data burst size Bk.
Step 3: Select valid sk resource allocation sizes according to the following principle:
∆e: spectral efficiency interval.

Emin: minimum spectral efficiency supported by this group.

Emax: maximum spectral efficiency supported by this group.

If Ek,i< Emin or Ek,i> Emax or Ek,i+∆e < Ek,j, Ek,i is invalid, otherwise it’s valid.
After the operations for each burst size are finished, S effective combinations of HARQ Burst size and resource allocation size are abstained. 
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Encode S effective combinations and acquire a n-bit index code. An n-bit index code shall be assigned to each effective combination of HARQ burst size and resource size. The codes are assigned in increasing order starting from lower nominal MCS level spectral efficiency and from lower HARQ data burst size where n is determined by Ceil{log2(Total number of effective combinations in the group)}.

---------------------------------------------------------------- Text # 1 Ends ------------------------------------------------------------------
Proposal Text #2
----------------------------------------------------- Text # 2 Starts -----------------------------------------------------
15.3.6.5.4.4 Group Resource Allocation A-MAP IE
Group control information is used to allocate resources and/or configure resources to one or multiple AMSs within a group. The group resource allocation A-MAP IE is shown in Table 671. 

Group scheduling requires two operations
1. Assignment of an AMS to a group. In order to add a AMS to a group in the DL or UL, the ABS shall transmit a Group Configuration A-MAP IE
2. Allocation of resources to AMSs within a group. In order to assign resources to one or more AMSs in a group, the ABS shall transmit the DL/UL Group Resource Allocation A-MAP IE. The DL/UL Group Resource Allocation A-MAP IE is included in user-specific resource assignment in an A-MAP region. The GRA A-MAP IE contains bitmaps to indicate scheduled AMSs and signal nominal MCS, MIMO mode and the combination index of the HARQ data burst size and the resource size. 
Table 671- DL Group Resource Allocation A-MAP IE

	Syntax
	Size in bits *
	Description/Notes

	A-MAP IE Type
	4
	DL Group Resource Allocation A-MAP IE

	Long TTI Length
	1
	Defines number of subframes spanned by the allocated resource. 

0: 1 subframe (default)

1: 4 DL/UL subframes for FDD or all DL/UL subframe for TDD

	Resource Offset
	[6]
	Indicates starting LRU for resource assignment to this group

	ACK Channel Offset
	TBD
	Indicates the start of ACK index used for scheduled allocations, and de-allocations and shifted AMSs at this subframe in the group. The ACK channels for scheduled allocations occur first, in the order of user bitmap, followed by the ACK channel for de-allocations, followed by the ACK channels for shifted AMSs.

	User Bitmap Size
	[2][5]
	Indicates the length of User Bitmap

	User Bitmap
	Variable
	Bitmap to indicate scheduled AMSs in a group. The size of the bitmap is equal to the User Bitmap Size.

0: AMS not allocated in this subframe

1: AMS allocated in this frame

	N_deallocated_AMS
	2
	Number of deallocated AMSs

	For(i=0;i<N_Deallocated_AMS; i++) {
	
	

	De-allocated AMS index
	Variable
	Signals the indices of de-allocated AMS among the inactive AMSs in the user bitmap. The length of De-allocated AMS Index field determined as Ceil {log2 (Number of Inactive AMSs in User Bitmap)}.

	}
	
	

	Re-arrange Indicator
	1
	Signals whether the re-arrange bitmap is present in this GRA IE

	If (Re-arrange Indicator == 1) {
	
	

	Re-arrange Bitmap
	Variable
	This bitmap signals the occupied bits in the user bitmap. The size of the bitmap is equal to the number of 0’s in the user bitmap.

	}
	
	

	If( Group MIMO mode set ==0b01 or 0b11){
	
	

	MIMO Bitmap
	Variable
	Bitmap to indicate MIMO mode for the scheduled AMSs.

	}
	
	

	If( Group MIMO mode set == 0b11){
	
	

	    PSI Bitmap
	Variable
	Bitmap to indicate PSI for MU-MIMO

	    Pairing Bitmap
	Variable
	Bitmap to indicate AMS pair sharing same resource for MU-MIMO

	}
	
	

	Resource Assignment Bitmap
	Variable
	Bitmap to indicate burst size/resource size for each scheduled AMS 

	Padding
	Variable
	Padding to reach byte boundary


* A 16 bit CRC is generated based on the contents of the DL Group Resource Allocation A-MAP IE. The CRC is masked by the Group ID for the DL Group Resource Allocation A-MAP IE.
Table 672-UL Group Resource Allocation A-MAP IE

	Syntax
	Size in bits *
	Description/Notes

	A-MAP IE Type
	4
	UL Group Resource Allocation A-MAP IE

	Long TTI Length
	1
	Defines number of subframes spanned by the allocated resource. 

0: 1 subframe (default)

1: 4 DL/UL subframes for FDD or all DL/UL subframe for TDD

	Resource Offset
	[6]
	Indicates starting LRU for resource assignment to this group

	ACK Channel Offset
	TBD
	Indicates the start of ACK index used for scheduled allocations at this subframe in the group.

	User Bitmap Size



	[2][5]
	Indicates the length of User Bitmap

	User Bitmap
	Variable
	Bitmap to indicate scheduled AMSs in a group. The size of the bitmap is equal to the User Bitmap Size.

0: AMS not allocated in this subframe

1: AMS allocated in this frame

	N_deallocated_AMS
	2
	Number of deallocated AMSs

	For(i=0;i<N_Deallocated_AMS; i++) { 
	
	

	De-allocated AMS index
	Variable
	Signals the indices of de-allocated AMS among the inactive AMSs in the user bitmap. The length of De-allocated AMS Index field determined as Ceil {log2 (Number of Inactive AMSs in User Bitmap)}.

	}
	
	

	Re-arrange Indicator
	1
	Signals whether the re-arrange bitmap is present in this GRA IE

	If (Re-arrange Indicator == 1) {
	
	

	Re-arrange Bitmap
	Variable
	This bitmap signals the occupied bits in the user bitmap. The size of the bitmap is equal to the number of 0’s in the user bitmap.

	}
	
	

	If (N_deallocated_AMS != 0b00 or Re-arrange Indicator == 1) {
	
	

	HF Index
	TBD
	Starting HF Index for deallocated AMSs and re-arranged AMSs, if present.

	}
	
	

	If( Group MIMO mode set == 0b01 ){
	
	

	MIMO Bitmap
	Variable
	Bitmap to indicate MIMO mode for the scheduled AMSs.

	}
	
	

	If( Group MIMO mode set == 0b10 ){
	
	

	    PSI Bitmap
	Variable
	Bitmap to indicate PSI for MU-MIMO

	    Pairing Bitmap
	Variable
	Bitmap to indicate AMS pair sharing same resource for MU-MIMO

	}
	
	

	Resource Assignment Bitmap
	Variable
	Bitmap to indicate burst size/resource size for each scheduled user 

	Padding
	Variable
	Padding to reach byte boundary


* A 16 bit CRC is generated based on the contents of the UL Group Resource Allocation A-MAP IE. The CRC is masked by the Group ID for the UL Group Resource Allocation A-MAP IE.
15.3.6.5.4.5 Group Configuration A-MAP IE
The unicast group configuration A-MAP IE is used to assign an AMS to a group.
Table 673- DL Group Configuration A-MAP IE
	Syntax
	Size in bits *
	Description/Notes

	A-MAP IE Type
	4
	DL Group Configuration A-MAP IE

	Group ID
	5
	Indicates group identifier

	Lowest MCS Spectral Efficiency in group
	43
	The index of the lowest MCS Spectral Efficiency that shall be allowed in this group from the list of nominal MCSs defined in Table 744.

	Highest MCS Spectral Efficiency in group
	43
	The index of the highest MCS Spectral Efficiency that shall be allowed in this group from the list of nominal MCSs defined in Table 744.

	Spectral Efficiency Interval
	TBD
	Indicates spectral efficiency interval supported in the group.

	HARQ Burst Size Set ID
	[2]
	Indicates HARQ data burst size set supported in the group that is selected from the configured HARQ data burst size set candidates in additional broadcast message.

	Lowest HARQ Burst Size in group
	TBD
	The index of the lowest HARQ Burst Size that shall be allowed in this group from the list of HARQ Burst Sizes defined in Table 764.

	Highest HARQ Burst Size in group
	TBD
	The index of the highest HARQ Burst Size that shall be allowed in this group from the list of HARQ Burst Sizes defined in Table 764.

	GRA Periodicity
	[2]
	Indicate the period of transmitting GRA A-MAP IE

0b00: 1 frame

0b01: 2 frame

0b10: 4 frame

0b11: 8 frame

	Group MIMO Mode
	2
	Indicate Group MIMO mode set supported in the group.

0b00: SFBC

0b01: SFBC and Vertical encoding

0b10: CL SU-MIMO 

0b11: CL SU-MIMO and CL MU-MIMO 

	User Bitmap Index
	[5]
	Indicates User Bitmap index to the AMS. An AMS may have multiple User Bitmap Indexes in a group.

	Initial ACID
	[4]
	Indicates the start of ACID used for group resource allocation. 

	N_ACID
	[3]
	Indicates the number of ACIDs used for group resource allocation.

	Padding
	Variable
	Padding to reach byte boundary.


* A 16 bit CRC is generated based on the contents of the DL Group Configuration A-MAP IE. The CRC is masked by the Station ID for the DL Group Configuration A-MAP IE.
Table 674- UL Group Configuration A-MAP IE

	Syntax
	Size in bits *
	Description/Notes

	A-MAP IE Type
	4
	UL Group Configuration A-MAP IE

	Group ID
	5
	Indicates group identifier.

	Lowest MCS Spectral Efficiency in group
	43
	The index of the lowest MCS Spectral Efficiency that shall be allowed in this group from the list of nominal MCSs defined in Table 744.

	Highest MCS Spectral Efficiency in group
	43
	The index of the highest MCS Spectral Efficiency that shall be allowed in this group from the list of nominal MCSs defined in Table 744.

	Spectral Efficiency Interval
	TBD
	Indicates spectral efficiency interval supported in the group.

	HARQ Burst Size Set ID
	[2]
	Indicates HARQ data burst size set supported in the group that is selected from the configured HARQ data burst size set candidates in additional broadcast message.

	Lowest HARQ Burst Size in group
	TBD
	The index of the lowest HARQ Burst Size that shall be allowed in this group from the list of HARQ Burst Sizes defined in Table 764.

	Highest HARQ Burst Size in group
	TBD
	The index of the highest HARQ Burst Size that shall be allowed in this group from the list of HARQ Burst Sizes defined in Table 764.

	GRA Periodicity
	[2]
	Indicate the period of transmitting GRA A-MAP IE

0b00: 1 frame

0b01: 2 frame

0b10: 4 frame

0b11: 8 frame

	Group MIMO Mode
	2
	Indicate Group MIMO mode set supported in the group.

0b00: SFBC

0b01: SFBC and Vertical encoding

0b10: OL MU-MIMO
0b11: reserved

	if (Nsubframe, A-MAP == 2){
	
	

	if (DL:UL != == 3:5) {
	
	

	Alloca​tion Rel​evance
	12
	Subframe index when an A-MAP region occurs every 2 subframes     (Nsubframe, A-MAP = 2) and DL:UL subframe ratio is 3:5 i.e., the first A-MAP region is relevant to the first two UL subframes and the second A-MAP region is relevant to the last 3 UL subframes.
0b0: Allocation in the first DL subframe relevant to an A-MAP region

0b1: Allocation in the second DL subframe relevant to an A-MAP region
0b00: Allocation in the first UL subframe relevant to an A-MAP region

0b01: Allocation in the second UL subframe relevant to an A-MAP region

0b10: Allocation in the third UL subframe relevant to an A-MAP region

0b11: reserved

	}else if (DL:UL != 3:5){
	
	

	Alloca​tion Rel​evance
	21
	Subframe index when an A-MAP region occurs every 2 subframes     (Nsubframe, A-MAP = 2) and DL:UL subframe ratio is 8:0, 6:2, 4:4 or 5:3
0b0: Allocation in the first UL subframe relevant to an A-MAP region

0b1: Allocation in the second UL subframe relevant to an A-MAP region

	}
	
	

	}
	
	

	User Bitmap Index
	[5]
	Indicates User Bitmap index to the AMS. An AMS may have multiple User Bitmap Indexes in a group.

	Initial ACID
	[4]
	Indicates the start of ACID used for group resource allocation. 

	N_ACID
	[3]
	Indicates the number of ACIDs used for group resource allocation.

	Padding
	Variable
	Padding to reach byte boundary.


* A 16 bit CRC is generated based on the contents of the UL Group Configuration A-MAP IE. The CRC is masked by the Station ID for the UL Group Configuration A-MAP IE.
---------------------------------------------------------------- Text # 2 Ends ------------------------------------------------------------------
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