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1 Introduction

Sequence/group hopping (SGH) cannot be used in conjunction with OCC when two UEs share some resources in MU-MIMO but have different resource allocations. In order to allow MU-MIMO with OCC for Rel-10 UEs on unequal bandwidths, slot-level Rel-8 sequence/group hopping must be disabled. In Rel-8, SGH enabling/disabling is cell-specific. In this contribution, we discuss how to implement Rel-10 UE-specific SGH enabling/disabling in order to allow unequal-bandwidth MU-MIMO.
2 Sequence/group hopping with OCC
In order to allow MU-MIMO with OCC for Rel-10 UEs on unequal bandwidths, slot-level Rel-8 SGH must be disabled. Furthermore, in this case, as discussed in [1], the same OCC index must be used for all layers of a given UE. Thus, we identify two configurations of interest for Rel-10 UL DM-RS:

· Configuration 1, optimised for SU-MIMO and equal-bandwidth MU-MIMO: 

· OCC enabled for SU-MIMO + Rel-8 SGH enabled

· MU-MIMO for UEs with unequal bandwidths not allowed

· Configuration 2, optimised for Rel-10 UE MU-MIMO with unequal bandwidths:

· OCC not enabled for SU-MIMO + Rel-8 SGH not enabled

· Sub-frame-level SGH could be applied instead.
· SU-MIMO performance not optimised

· MU-MIMO between Rel-8 and Rel-10 UEs with different bandwidths not allowed

During the RAN1#62 meeting, the possibility to use the same OCC index in all 4 layers for some (up to four) CSI values was discussed. In [3], some CSI-to-OCC mapping examples enabling this possibility are presented. The SGH enabling/disabling can be dynamic or semi-static:
· Dynamic SGH enabling/disabling

· The CSI index can indicate SGH enabling/disabling as proposed in [2]. 
· CSI indices for which a single OCC index is used for all four layers can indicate SGH disabling as shown in the example of Table 1. These CSI indices can be used to schedule UEs with unequal bandwidths on same resources.
· Dedicated RRC signalling for SGH enabling/disabling

· No OCC + SGH: A configuration where OCC is disabled and SGH enabled does not make sense from performance point-of-view, since unequal bandwidth MU-MIMO is not possible anyway due to SGH enabling. Dynamically disabling OCC if SGH is semi-statically enabled gives more flexibility in avoiding PHICH resource collision if necessary but does not bring performance improvement.
· OCC + No SGH: A configuration where OCC is enabled and SGH disabled is not optimal, since SGH could be enabled. However, disabling SGH is useful in order to keep the opportunity of performing unequal bandwidth MU-MIMO. Then, OCC is dynamically switched on/off, depending if the UE performance is optimised for SU-MIMO or MU-MIMO or in order to avoid PHICH collision if necessary. 

3 Summary

Based on the discussion above, we have a slight preference for semi-static enabling/disabling of SGH, since it offers more flexibility in choosing an appropriate CSI.
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000 0 6 3 9 0 0 1 1 on

001 6 0 9 3 1 1 0 0 on

010 3 9 6 0 0 0 1 1 on

011 4 10 7 1 1 1 1 1 off

100 2 8 5 11 1 1 1 1 off

101 8 2 11 5 0 0 0 0 off

110 10 4 1 7 0 0 0 0 off

111 9 3 0 6 1 1 0 0 on
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Table 1: CS/OCC/SGH configuration optimised for MU-MIMO.
OCCk = 0 = [1 1] and OCCk = 1 = [1 -1].
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		CSI																						sans config 2 layers + OCC

				k=0		k=1		k=2		k=3		k=0		k=1		k=2		k=3						Si 8 Ues de rang 1

		000		0		6		3		9		0		0		1		1						OCC 0: 0 3 2 10 (sep 1 CS!)

		001		6		0		9		3		1		1		0		0						OCC 1: 6 4 8 9 (sep 1 CS!)

		010		3		9		6		0		0		0		1		1

		011		4		10		7		1		1		1		1		1						Si 4 Ues de rang 2

		100		2		8		5		11		0		0		0		0						OCC 0: 0 6 3 9 (sep 3 CS)

		101		8		2		11		5		1		1		1		1						OCC 1: 6 0 9 3 (sep 3 CS)

		110		10		4		1		7		0		0		0		0

		111		9		3		0		6		1		1		0		0

		CSI																						sans config 2 layers + OCC		pour contribution										CSI																		SGH

				k=0		k=1		k=2		k=3		k=0		k=1		k=2		k=3						Si 8 Ues de rang 1														k=0		k=1		k=2		k=3		k=0		k=1		k=2		k=3

		000		0		6		3		9		0		0		1		1						OCC 0: 0 3 8 10 (sep 2 CS)												000		0		6		3		9		0		0		1		1		on

		001		6		0		9		3		1		1		0		0						OCC 1: 6 4 2 9 (sep 2 CS)												001		6		0		9		3		1		1		0		0		on

		010		3		9		6		0		0		0		1		1																		010		3		9		6		0		0		0		1		1		on

		011		4		10		7		1		1		1		1		1						Si 4 Ues de rang 2												011		4		10		7		1		1		1		1		1		off

		100		2		8		5		11		1		1		1		1						OCC 0: 0 6 3 9 (sep 3 CS)												100		2		8		5		11		1		1		1		1		off

		101		8		2		11		5		0		0		0		0						OCC 1: 6 0 9 3 (sep 3 CS)												101		8		2		11		5		0		0		0		0		off

		110		10		4		1		7		0		0		0		0																		110		10		4		1		7		0		0		0		0		off

		111		9		3		0		6		1		1		0		0																		111		9		3		0		6		1		1		0		0		on

		CSI																						sans config 2 layers + OCC

				k=0		k=1		k=2		k=3		k=0		k=1		k=2		k=3						Si 8 Ues de rang 1

		000		0		6		3		9		0		0		1		1						OCC 0: 0 8 10 9 (2 sep 1 CS!!)

		001		6		0		9		3		1		1		0		0						OCC 1: 6 3 4 2 (2 sep 1 CS!!)

		010		3		9		6		0		1		1		0		0

		011		4		10		7		1		1		1		1		1						Si 4 Ues de rang 2

		100		2		8		5		11		1		1		1		1						OCC 0: 0 6 9 3 (sep 3 CS)

		101		8		2		11		5		0		0		0		0						OCC 1: 6 0 3 9 (sep 3 CS)

		110		10		4		1		7		0		0		0		0

		111		9		3		0		6		0		0		1		1

		CSI																						sans config 2 layers + OCC

				k=0		k=1		k=2		k=3		k=0		k=1		k=2		k=3						Si 8 Ues de rang 1

		000		0		6		3		9		0		0		1		1						OCC 0: 0 4 2 9 (sep 2 CS)

		001		6		0		9		3		1		1		0		0						OCC 1: 6 3 8 10 (sep 2 CS)

		010		3		9		6		0		1		1		0		0

		011		4		10		7		1		0		0		0		0						Si 4 Ues de rang 2

		100		2		8		5		11		0		0		0		0						OCC 0: 0 6 9 3 (sep 3 CS)

		101		8		2		11		5		1		1		1		1						OCC 1: 6 0 3 9 (sep 3 CS)

		110		10		4		1		7		1		1		1		1

		111		9		3		0		6		0		0		1		1

		CSI																						avec 2 config 2 layers + OCC

				k=0		k=1		k=2		k=3		k=0		k=1		k=2		k=3						Si 8 Ues de rang 1

		000		0		6		3		9		0		0		1		1						OCC 0: 0 3 2 8 (sep 1 CS!)

		001		6		0		9		3		1		1		0		0						OCC 1: 6 4 10 9 (sep 1 CS!)

		010		3		9		6		0		0		0		1		1

		011		4		10		7		1		1		1		1		1						Si 4 Ues de rang 2

		100		2		8		5		11		0		1										OCC 0: 0 6 3 9 (sep 3 CS)

		101		8		2		11		5		0		1										OCC 1: 6 0 9 3 (sep 3 CS)

		110		10		4		1		7		1		1		1		1

		111		9		3		0		6		1		1		0		0

		CSI																						avec 2 config 2 layers + OCC

				k=0		k=1		k=2		k=3		k=0		k=1		k=2		k=3						Si 8 Ues de rang 1

		000		0		6		3		9		0		0		1		1						OCC 0: 0 3 4 10 (sep 1 CS!)

		001		6		0		9		3		1		1		0		0						OCC 1: 6 2 8 9 (sep 1 CS!)

		010		3		9		6		0		0		0		1		1

		011		4		10		7		1		0		0		0		0						Si 4 Ues de rang 2

		100		2		8		5		11		1		0										OCC 0: 0 6 3 9 (sep 3 CS)

		101		8		2		11		5		1		0										OCC 1: 6 0 9 3 (sep 3 CS)

		110		10		4		1		7		0		0		0		0

		111		9		3		0		6		1		1		0		0

		CSI																						avec 2 config 2 layers + OCC		pour contribution

				k=0		k=1		k=2		k=3		k=0		k=1		k=2		k=3						Si 8 Ues de rang 1

		000		0		6		3		9		0		0		1		1						OCC 0: 0 3 8 10 (sep 2 CS)

		001		6		0		9		3		1		1		0		0						OCC 1: 6 4 2 9 (sep 2 CS)

		010		3		9		6		0		0		0		1		1

		011		4		10		7		1		1		0		1		0						Si 4 Ues de rang 2

		100		2		8		5		11		1		1		1		1						OCC 0: 0 6 3 9 (sep 3 CS)

		101		8		2		11		5		0		1		0		1						OCC 1: 6 0 9 3 (sep 3 CS)

		110		10		4		1		7		0		0		0		0

		111		9		3		0		6		1		1		0		0						Si 2 Ues de rang 2 avec OCC

																								OCC 0: 8 10 (sep 2 CS)

																								OCC 1: 2 4 (sep 2 CS)

																								Si 4 Ues de rang 2 dont 2 avec OCC

																								OCC 0: 8 10 0 6 (sep 2 CS)

																								OCC 1: 2 4 6 0 (sep 2 CS)

		CSI																						Tjrs OCC		pour contribution								CSI

				k=0		k=1		k=2		k=3		k=0		k=1		k=2		k=3						Si 8 Ues de rang 1												k=0		k=1		k=2		k=0		k=1		k=2

		000		0		6		3		9		0		0		1		1						OCC 0: 0 3 8 10 (sep 2 CS)										000		0		6		3		0		0		1

		001		6		0		9		3		1		1		0		0						OCC 1: 6 4 2 9 (sep 2 CS)										001		6		0		9		1		1		0

		010		3		9		6		0		0		0		1		1																010		3		9		6		0		0		1

		011		4		10		7		1		1		1		0		0						Si 4 Ues de rang 2										011		4		10		7		1		1		0

		100		2		8		5		11		1		1		0		0						OCC 0: 0 6 3 9 (sep 3 CS)										100		2		8		5		1		1		0

		101		8		2		11		5		0		0		1		1						OCC 1: 6 0 9 3 (sep 3 CS)										101		8		2		11		0		0		1

		110		10		4		1		7		0		0		1		1																110		10		4		1		0		0		1

		111		9		3		0		6		1		1		0		0																111		9		3		0		1		1		0
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