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1. Introduction

Different approaches have been proposed for reducing downlink resource allocation overhead [1-10] compared to a straight bitmap approach which is desireable for its flexibility of supporting non-contiguous localized allocations for frequency selective scheduling.  The different approaches include RB grouped bitmaps [2][4][7][9][10], Combinatorial [3][5], tree approaches [6][4], split bandwidth bitmap [5], and subband (“Island”) approaches [1][6][7] where in many cases a combination of these approaches are proposed.
2. Summary of RA Mapping approaches
Table 1 below summarizes the different RA mapping approaches in terms of number of bits needed for 5, 10, and 20 MHz bandwidths and in terms of supporting desirable characteristics such as:

1 - Distributed allocations: Allocation with 1 RB granularity at a part of the band (e.g. top, middle, and bottom or RBs sampled across the band) to a single UE.  Support for DVRB.
2 – Peak Rate: all RBs can be allocated to a single UE to achieve the peak data rate,

3 – Minimum RB Allocation:  minimum addressing granularity of 1 RB anywhere in the carrier band,
4 – VoIP allocation: allocations with 1 RB granularity for different VoIP UEs can be assigned at top and bottom of band in contiguous fashion,
5 – Unoccupied RBs: for a given subframe some RBs cannot be assigned due to addressing limitations,
6 – Minimal FDS performance loss: Lack of RB granularity or insufficient # of “Islands” can reduce FDS performance

As can be seen from the results for the various RA mapping techniques in Table 1 there is not too wide a range of RA map sizes for each bandwidth mode after taking into account differences attributed to granularity of non-contiguous addressing across the band (column 3 of Table 1) and the chosen number of ‘Islands’ (column 4 of Table 1) where both choices impact performance [6].
The approach with the minimum overhead is the split bitmap approach [5] but it is somewhat limited in achievable frequency diversity benefit since the maximum bandwidth for diverse allocations is 5 MHz for 10 and 20 MHz LTE carriers. Combinatorial techniques show a feasible tradeoff between overhead and flexbility with slightly larger overhead for a 5 MHz carrier bandwidth. The RB grouped bitmap approaches have similar overhead for 5 MHz and can match that of the other techniques by increasing the granularity for across the band non-contiguous addressing and maintain flexibility (i.e. meet the 6 characteristics given above) by using small tables of 2 to 3 bits to redefine the bitmap (e.g. to allow for distributed allocation or to allow for 1RB addressability for different portions of the band).  Finally the island and island+tree approaches [1][6][7] allow 3 or more islands of addressability but it is not obvious that they can easily support characteristic ‘4’ above. There can be some degradation in frequency selective scheduling performance compared to the RB grouped bitmap techniques depending on non-contiguous RB addressing granularity and # of Islands used.  
While it is possible to signal additional RA map information over the D-BCH for more flexibility this must also be accounted for in determining overhead since the other techniques which use tables for flexibility have included those bits in their overhead calculation.  Also the cost of using effective coding rates of approximately R=1/48 for the D-BCH should also be considered compared to the average encoding rates used with PDCCHs.

It is emphasized that the RA map sizes presented in contributions R1-072997 and R1-073217 can be considered as examples and are not necessarily representing a final proposal as the granularity switching points can be fine tuned for an optimal performance. One of the most important features of the mapping algorithms is the scheduling performance, which is not captured in the table 1.

Finally, note that the proposal to ‘reuse’ the uplink grant format in order to limit the downlink overhead for a contiguous allocation of VRBs as described in R1-073218 can be discussed independently of the resource signaling schemes discussed in this contribution.

3. Conclusions

Under the assumption that the UE only needs to at most detect a single downlink grant for full bandwidth allocation,  then the maximum number of bits for the downlink resource allocation map field in the PDCCH is (set A):

18-bits for 5 MHz


28-bits for 10 MHz


37-bits for 20 MHz

It is FFS whether the number of bits for the downlink resource allocation map field in the PDCCH can be reduced to (set B):


16-bits for 5 MHz 

22-bits for 10 MHz


28-bits for 20 MHz

without causing significant loss of flexibility or performance relative to what can be achieved using set A . 
Also for FFS is to use bandwidth splitting techniques for even further reductions in map field sizes (e.g. 14, 15, 16 bits for 5, 10, 20 MHz respectively).
The downlink resource allocation function must have the following properties:
· Support for distributed allocation

· Minimum RB Allocation:  minimum addressing granularity of 1 RB anywhere in the carrier band,

· VoIP allocation: allocations with 1 RB granularity for different VoIP UEs can be assigned at top and bottom of band in contiguous fashion,

· No unoccupied RBs due to address limitations

· Minimal FDS performance loss
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<Note Table is embedded Excel Spreadsheet>
Table 1 – Resource Allocation (RA) Mapping Summary
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Tdoc# Company/Approach Addr Granularity #Islands Dist. PeakMin RBVoIP Unocc.

(5/10/20MHz) (5/10/20MHz) 5MHz 10MHz 20MHz 5MHz 10MHz 20MHz Alloc Rate Alloc Alloc RBs

R1-073052 Ericsson (Island) 

++

1 (in Island) 3/6/8 16 29 38 0.57 0.56 0.56 y y 1 y y*

R1-073119 Samsung (RB grouped bitmap), option 2 2/3/4 15 19 27 0.56 0.50 0.50 y y 1 y y*

R1-073119 Samsung (RB grouped bitmap), e-option 2 2/3/4 14 18 26 0.56 0.50 0.50 y y 1 y y*

R1-072877 LGE (bitmap) 2/3/5 16 20 25 0.57 0.51 0.49 y y 1 y y*

R1-072997 Nokia (combinatorial) 1-2/1-2/1-4 18 26 28 0.58 0.54 0.51 y y 1 y y*

R1-072832 NEC (RB grouped bitmap-tree) 2/2/3 16 28 37 0.57 0.55 0.55 y y 1 y y*

R1-072923 Alcatel-Lucent (split bitmap) 1 14 15 16 0.56 0.48 0.45 5MHz max y** 1 y y*

R1-072923 Alcatel-Lucent (combinatorial) 1? 3 21 22 23 0.60 0.52 0.48 y y 1 ? y*

R1-072750 Qualcomm (Island tree -strB) 1 (in Island) 5 17 22 27 0.58 0.52 0.50 ? y 1 ? y*

R1-072697 Baseline (bitmap) 2/2/3 15 28 37 0.56 0.55 0.55 y y 1 y y*

R1-072697 Baseline (Island-combinatorial) 1 (in Island) 3/6/8 16 29 38 0.57 0.56 0.56 y y 1 y y*

R1-071354 Max #UEs scheduled (5-12, 8-16, 16-24)*** bits 6 10 18

R1-072697, 2752UL Grant Size (34-48, 36-50, 38-52)*** bits 36 38 40

R1-072697 DL Grant Size - RA map (30-50)*** bits 33 33 33

#REs for 'n=2', 2TX 448 896 1792 ** The UE is required to detect two DL grants

++ Note that proposal R1-073052 really targets a single "Island" and motivated the proposal to sometimes use the UL SG as the DL SG

- Distributed allocation - Allocations with as small as 1 RB granularity with distributed nature

- Peak Rate - all RBs can be allocated to a UE

- Minimum RB Allocation - Addressing granularity can be 1 RB and be achieved anywhere in carrier band

- VoIP allocation - RBs for different UEs can be allocated at top and bottom of band in contiguous fashion

- Unoccupied Resources - For a subframe some RBs cannot be assigned due to addressing limitations



RA Map Size Code Rate: DL+UL SG****

* to avoid holes sometimes more RBs are allocated 

to a UE than are necessary

***  Note a range is given since it is not yet known 

what fixed value is acceptable


****  The resulting code rate values given reflect only one value chosen from the range of possible UL and DL grant sizes and from Max #UEs scheduled.  More work is needed to finalize these values to determine how sensitive PDCCH performance is to the overhead of the different resource allocation techniques.
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Table

		

								Non-contiguous																										Loss

				Tdoc#		Company/Approach		Addr Granularity		#Islands		RA Map Size						Code Rate: DL+UL SG****						Dist.		Peak		Min RB		VoIP		Unocc.		in FDS

								(5/10/20MHz)		(5/10/20MHz)		5MHz		10MHz		20MHz		5MHz		10MHz		20MHz		Alloc		Rate		Alloc		Alloc		RBs		Perf.

				R1-073052		Ericsson (Island) ++		1 (in Island)		3/6/8		16		29		38		0.57		0.56		0.56		y		y		1		y		y*		small

				R1-073119		Samsung (RB grouped bitmap), option 2		2/3/4				15		19		27		0.56		0.50		0.50		y		y		1		y		y*		v small

				R1-073119		Samsung (RB grouped bitmap), e-option 2		2/3/4				14		18		26		0.56		0.50		0.50		y		y		1		y		y*		v small

				R1-072877		LGE (bitmap)		2/3/5				16		20		25		0.57		0.51		0.49		y		y		1		y		y*		v small

				R1-072997		Nokia (combinatorial)		1-2/1-2/1-4				18		26		28		0.58		0.54		0.51		y		y		1		y		y*		small

				R1-072832		NEC (RB grouped bitmap-tree)		2/2/3				16		28		37		0.57		0.55		0.55		y		y		1		y		y*		v small

				R1-072923		Alcatel-Lucent (split bitmap)		1				14		15		16		0.56		0.48		0.45		5MHz max		y**		1		y		y*		?

				R1-072923		Alcatel-Lucent (combinatorial)		1?		3		21		22		23		0.60		0.52		0.48		y		y		1		?		y*		small

				R1-072750		Qualcomm (Island tree -strB)		1 (in Island)		5		17		22		27		0.58		0.52		0.50		?		y		1		?		y*		small

				R1-072697		Baseline (bitmap)		2/2/3				15		28		37		0.56		0.55		0.55		y		y		1		y		y*		v small

				R1-072697		Baseline (Island-combinatorial)		1 (in Island)		3/6/8		16		29		38		0.57		0.56		0.56		y		y		1		y		y*		small

				R1-071354		Max #UEs scheduled		(5-12, 8-16, 16-24)*** bits										6		10		18		* to avoid holes sometimes more RBs are allocated to a UE than are necessary

				R1-072697, 2752		UL Grant Size		(34-48, 36-50, 38-52)*** bits										36		38		40

				R1-072697		DL Grant Size - RA map		(30-50)*** bits										33		33		33

						#REs for 'n=2', 2TX												448		896		1792		** The UE is required to detect two DL grants

				++ Note that proposal R1-073052 really targets a single "Island" and motivated the proposal to sometimes use the UL SG as the DL SG

						- Distributed allocation - Allocations with as small as 1 RB granularity with distributed nature																		***  Note a range is given since it is not yet known what fixed value is acceptable

						- Peak Rate - all RBs can be allocated to a UE

						- Minimum RB Allocation - Addressing granularity can be 1 RB and be achieved anywhere in carrier band

						- VoIP allocation - RBs for different UEs can be allocated at top and bottom of band in contiguous fashion

						- Unoccupied Resources - For a subframe some RBs cannot be assigned due to addressing limitations

						- Loss in FDS performance - Lack of RB granularity or insufficient #Islands can reduce FDS perofrmance
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