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1. Introduction

This contribution proposes a definable RB bitmap approach for efficient DL resource allocation (RA) mapping.  A grouped RB bitmap approach, an “Island” approach, and a distributed (DVRB) approach can all be supported using a 2-bit bitmap addressing table. 
2. Definable RB bitmap
A bitmap (BM) approach for resource allocation is very flexible but can require too many bits for large carrier bandwidths with many schedulable resources (i.e. RBs).  One way to reduce the bitmap size is to define each bit in the bitmap to correspond to a distinct resource allocation group (RA group) of RBs.  To maintain the ability to still address individual RBs a bitmap table is included along with the bitmap in the resource allocation map (see Table 1).  The bitmap table allows the bitmap addressing to be redefined depending on the table index as shown in Table 2.  Four options are proposed here as given in Table 2.

Table 1 – Definable RB Bitmap for DL RA mapping (non-precoding PDCCH format)
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1.4 6 1 1 6 7 34

3 15 2 2 6 8 35

5 25 2 2 10 12 39

10 50 2 2 20 22 49

15 75 3 2 22 24 51

20 100 3 2 30 32 59


* Note L3 or D-BCH signaling can be used to indicate which of two Group Size options are used for a given BW
Table 2 – Bitmap Addressing Table

	Index
	Addressing

	00
	Indicates UE is in DVRB mode.  Bitmap could contain part or all DVRB information*

	01
	Large or FS allocation: 
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 Interleaved RB Group pairs of Size N & N+1 RBs **

	10
	Small to Large allocation: 
[image: image3.wmf]ë

û

N

B

/

 RB Group pairs of Size N & N+1 RBs **

	11
	Small Island(s) & VoIP: 
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* Could indicate PRB RE index e.g. In any event some DVRB related information can be signalled via Layer 3.  
** 20MHz requires B/N RB Group pairs of Size 3 and 4 RBs and then 1 more Size 2 RB group to span entire 100 RBs. An extra bit is allocated to B (i.e. 30 vs. 29 bits) so each address for option 11b has an M-bit bitmap
For 15MHz the last RB Group instead of being size 4 would be size 2.

*** 
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2.1. Option for DVRB distributed allocation
It has been agreed to support “DVRB” distributed transmissions, where
· A PRB-pair only contains data for either localized or distributed transmission.
· DVRB-pair size = PRB-pair size
· DVRB-pairs for a user are distributed over 2 or more PRB-pairs.
· Nd is the number of PRB-pairs each DVRB-pair is distributed over (mapped onto) and ranges from 2 to the total number of distributed PRB-pairs (N_DPRB)
There are many proposals for DVRB transmission, including values of Nd, signaling, and mapping of the DVRB to the PRBs. With regards to the signaling, while some “dynamic” information is always required for the DL grant allocation, some information (such as a partition of system RBs into “distributed” or localized”) could be sent semi-statically. However, several proposals also indicate that all information could be sent via the DL grant allocation (or known implicitly), thereby avoiding additional semi-static configuration. This would also provide an advantage of allowing dynamic partitioning between RBs assigned to localized and distributed transmission on a frame-by-frame basis. As long as Nd is small (e.g., Nd=2 or 3) repartitioning could have a minimal effect on semi-persistent users. Therefore, the primary concern is whether it is possible to include the necessary information within the DL grant allocation.
Purely “dynamic” handling of the DVRB transmission requires a number of pieces of information to be transmitted or known a priori:

· 1 bit to indicate DVRB transmission
· Number of DVRB-pairs to be transmitted

· 
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 bits to indicate a starting RB location in frequency for the DVRB allocation. 
· Locations of the PRB-pairs that the DVRB-pairs are to be mapped

· Mapping phase of the VRB allocation within the PRB-pairs (i.e., if two VRB-pairs from different users share two PRBs, one will have a first phase and one will have a second phase)
With some assumptions, dynamic handling of DVRB may be handled within Table 1:
· DVRB transmission indicated with 1 state (e.g., 00) within the Bitmap Addressing Table

· The number of DVRB-pairs is either 1 or 2. Larger assignments are assumed to be able to get adequate diversity from an RB-based allocation using other Bitmap Addressing Table states. 
· 
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 bits to indicate a starting RB location in frequency for the DVRB allocation. 
· Locations of the PRB-pairs that the DVRB-pairs are to be mapped

1. The number of PRB-pairs Nd is known, based on bandwidth (e.g., Nd=3 for 9 or more RBs system BW, Nd=2 for 8 or fewer). If 2 DVRB-pairs are transmitted, they share the same Nd PRB-pairs.
2. The gap between the Nd PRB-pairs is selected from one of a few options. More than one option allows flexibility in scheduling localized users, skipping center RBs in certain subframes, etc., while still offering excellent diversity. Possible gaps include fixed gaps (e.g., 3 or 6 RBs) or gaps that scale with BW (e.g., 
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). For Nd=3, locations are x, x+gap modulo NRB , x+2*gap modulo NRB.
· The number of mapping phases will depend on the number of DVRB-pairs (1 or 2) and the Nd value. For Nd=2, there are two possibilities (1 DVRB-pair, phase 0 or 1). For Nd=3, there are five possibilities: 1 DVRB-pair phase 0,1,2, 2 DVRB-pairs phase 0&1 or 1&2. (Optimizations such as learning phase information from the starting RB location are FFS.)
An example of DVRB assignment is shown in Figure 3 and is given in Table 3, where the number of DVRB-pairs, the mapping phase, and the gap are jointly coded. The number of bits required is comparable for the lower bandwidths, and significantly less for the higher bandwidths. Additional savings may be evident by including the starting PRB-pair into the joint coding, and further restricting the number of allowed gaps for e.g., the 3MHz case. Note that within the example to reduce bits, the smallest bandwidth entry only allows Nd=2, one DVRB-pair, and one gap (e.g., 3) for DVRB assignments.
This example shows that fully dynamic DVRB assignment, using the same general procedure as for non-DVRB allocations, may be feasible. Such an assignment should be possible for at least the larger grant sizes, and may be possible for smaller grant sizes for the larger bandwidths. It is FFS to consider whether the other Bitmap Addressing Table entries provide enough diversity gain for larger RB-based distributed transmissions, or whether an additional table entry need be defined.

Table 3 – Bits for DVRB assignment
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1.4 6 2 1 3 2 1 1 5

3 15 3 2 4 5 3 4 10

5 25 3 2 5 5 3 4 11

10 50 3 2 6 5 3 4 12

15 75 3 2 7 5 3 4 13

20 100 3 2 7 5 3 4 13


2.2. Options with 2 distinct group sizes
While a single group size can be used (e.g. N=2 RBs per group or N=3 RBs per group) with the bitmap to span the bandwidth of the carrier it is even more efficient to have two distinct group sizes (N and N+1 where e.g. N=2 or 3) as illustrated in Figure 2. The rational behind 2 group sizes are as following:

· The bitmap size can be reduced comparing to the single size of N.

· With proper pairing of groups of size N and N+1, each group always resides within a single (or at most 2 for some cases) CQI reporting RB group as shown in Figure 2.

· For example, the granularity of 5 RBs is reasonable for CQI reporting RB groups. Therefore, a CQI reporting group consists of a pair of RA groups of size 2 and 3.

· These 2 RA groups can be paired in a interleaved or compact manner as shown in Figure 2 which corresponds to option 01 and 10 in Table 2.

· Any number of RBs assigned is a combination of RA groups of size N and (N+1), except for 1 RB if N=2, or 1, 2 and 5 RBs if N=3.  These few exceptions are well covered by the small island(s) option in Table 2. This benefits the performance when limited amount data is in the buffer and fine resource allocation granularity is needed.

· A single group size of N=5 is considered too coarse (granular) for use with all possible scheduling scenarios as well as limiting the FS scheduling benefit for some deployment scenarios.
· The loss in frequency domain scheduling performance is negligible when considering frequency selective other cell interference. 
2.3. Option for small islands
For small allocations of 1, 2, 3, 4, or 5 RBs that must be packed in a contiguous manner with other UE allocations (e.g. VoIP) then an ‘island’ approach is also supported where the overall bitmap is split into some number of addresses each with its own smaller bitmap (see Table 4).  Each smaller (per address) bitmap of size M indicates any set of M RBs starting at an address are allocated to a UE (see Figure 1).  Alternatively, each bitmap state (2M states) can be used to indicate a distinct size (#RBs) of a contiguous allocation starting at the address.  Finally, the 5 to 20 MHz modes can be modified so that a bit is set aside from the smaller (per address) bitmap to indicate whether the smaller bitmap of size M-1 indicates any set of M-1 RBs at a starting address or indicates the size of a contiguous set of RBs.
Table 4 – Bits for Small ‘Island’ assignments (B=H*(K+M))
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1.4 6 6 1 3 3

3 15 6 1 4 2

5 25 10 1 5 5

10 50 20 2 5 5

15 75 22 2 6 5

20 100 30 3 6 4


* Note for 20MHz bandwidth option it is also possible to have K=5 and M=5 for H=3.
** Note for 3 MHz bandwidth option it is also possible to choose B=8 and have M=4.
3. Conclusions

An definable RB bitmap scheme for downlink RA mapping was described that is both efficient and flexible and meets the requirements given in [8] for supporting small, medium, large, FS, VoIP and distributed allocations.  It is proposed that - 
· A definable RB bitmap with 2-bit Table approach be accepted for downlink RA mapping and as one of the four options include:
· A grouped bitmap approach with two group sizes (interleaved and compact options)
· A distributed bitmap approach

· An Island approach
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5. Acronyms
DVRB – Distributed Virtual Resource Block

PRB – Physical Resource Block

PRB-pair – consecutive PRBs; e.g., 12 subcarriers by 14 OFDM symbols for short CP

DVRB-pair – consecutive DVRBs
RB – Physical Resource Block pair
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Figure 1 – “Island” Addressing
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Figure 2 – Grouped RB Addressing for (N, N+1) groups with N=2 for NRB=15, (3 MHz)
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Figure 3 – DVRB mapping – each VRB-pair mapped onto ~1/3 of Nd=3 PRB-pairs
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														*PMI PUCCH assignment indicates how 1-bit field is used														BW (MHz)		#RBs in carrier (NRB)		ND		Table Size (bits)		Starting PRB-pair (bits)		DVRB-pair & phase (configs)		#gaps		Joint DVRB/ phase/ gap (bits)		Total RA bits (NRAMAP)

																												1.4		6		2		1		3		2		1		1		5

																												3		15		3		2		4		5		3		4		10

																												5		25		3		2		5		5		3		4		11

																												10		50		3		2		6		5		3		4		12

																												15		75		3		2		7		5		3		4		13

																												20		100		3		2		7		5		3		4		13
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				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		'0111'		PVI				"."		"."

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		PVI user & PVI interferer						"."		"."

														*PMI PUCCH assignment indicates how 1-bit field is used														BW (MHz)		#RBs in Carrier        (NRB)		Table Size		Bitmap Size    (B)		Total RA bits (NRAMAP)		#Addresses (H)		Address Size    (K)		Per Address Bitmap size (M)

																												1.4		6		1		6		7		1		3		3

																												3		15		2		6		8		1		4		2

																												5		25		2		10		12		1		5		5

																												10		50		2		20		22		2		5		5

																												15		75		2		22		24		2		6		5

																												20		100		2		30		32		3		6		4

																												10		50		3		0		0		0		0

																												15		75		3		0		0		0		0

																												20		100		3		0		0		0		0

																														Bitmap Addressing

																														000

																														001

																														010

																														011

																														100

																														101

																														110

																														111
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				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		'0111'		PVI				"."		"."

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		PVI user & PVI interferer						"."		"."

														*PMI PUCCH assignment indicates how 1-bit field is used														BW (MHz)		#RBs in carrier (NRB)		RB Group Size (N)*		BM Address Table Size		Bitmap Size (B)		Total RA bits (NRAMAP)		Total DL Grant

																												1.4		6		1		1		6		7		34

																												3		15		2		2		6		8		35

																												5		25		2		2		10		12		39

																												10		50		2		2		20		22		49

																												15		75		3		2		22		24		51

																												20		100		3		2		30		32		59

																												10		50		4		3		13		16		51

																												15		75		4		3		19		22		57

																												20		100		4		3		25		28		63

																														Bitmap Addressing

																														000		RB Groups of Size N

																														001		Distributed (Top,Middle,Bottom) RBs

																														010		Top RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														011		Bottom RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														100		1st RB of each Group

																														101		2nd RB of each Group

																														110		3rd RB of each Group

																														111		4th RB of each Group
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