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1 Introduction

In previous meetings, the CSI to CS mapping for each layer k was decided as in Table 1 [2], where CSk is the cyclic shift n(2)DMRS,k for layer k and OCCk is the orthogonal cover code for layer k. For simplicity, in the sequel, OCCk = 0 means OCCk = [1 1] and OCCk = 1 means OCCk = [1 -1]. The exact CSI to OCC mapping is still FFS but the following was decided in RAN1#62:

· OCC for layer k is derived from CSI considering both SU-MIMO and MU-MIMO

· For 4 of the CSI values: OCCk= OCC0 for k=1 and OCCk=1-OCC0 for k=2,3

· FFS the OCC mapping for the other 4 CSI values, one example of the mapping 

· For the second 2 CSI values: OCCk = OCC0 for k=1,2,3
· For the third 2 CSI values: OCCk = 1-OCC0, for k=1,3 and OCCk = OCC0 for k=2
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Table 1: CS/OCC configuration in [2].

In [1], different CS/OCC configuration examples were looked at in order to see how they behave in different uplink MU-MIMO cases. Using OCC in SU-MIMO prevents fro m having UEs with different resource allocations in some MU-MIMO configurations. On the other hand, OCC brings some performance gain in SU-MIMO with 4 layers and 64-QAM. With the decision of RAN1#62, in at least 4 CSI values, OCC is used for rank larger than 2 in order to optimize SU-MIMO performance.

There are several options for the four remaining CSI values:

· Also using OCC for rank larger than 2: All CSI values are optimised for SU-MIMO

· Not using OCC: MU-MIMO for rank-3/4 UEs with unequal bandwidths is allowed
· Using OCC for rank 2: SU-MIMO performance is improved with rank 2 and SIC receiver [3]
In this contribution, we propose different concrete CSI-to-OCC mappings with these options and compare them.
2 OCC mapping optimised for rank-3/4 SU-MIMO
All CSI values are optimised for SU-MIMO. MU-MIMO for rank-3/4 UEs with unequal bandwidths is not allowed. Table 2 shows a possible mapping:

· With 8 rank-1 UEs: Cyclic shift separation of 2 for each OCC index, unequal bandwidth allowed

· With 4 rank-2 UEs: Cyclic shift separation of 3 for each OCC index, unequal bandwidth allowed

· With 2 rank-3 UEs: Cyclic shift separation of 3 for each OCC index, equal bandwidth only
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Table 2: CS/OCC configuration optimised for rank-3/4 SU-MIMO.

3 OCC mapping optimised for unequal bandwidth MU-MIMO
OCC is not used for SU-MIMO for the four remaining CSI values. Thus, SU-MIMO performance is not optimised if these CSI values are used. On the other hand, MU-MIMO for rank-3/4 UEs with unequal bandwidths is allowed. MU-MIMO between Rel-8 and Rel-10 UEs with different bandwidths is still not allowed due to sequence/group hopping (SGH). Table 3 shows a possible mapping:

· With 8 rank-1 UEs: Cyclic shift separation of 2 for each OCC index, unequal bandwidth allowed

· Same as in Table 2
· With 4 rank-2 UEs: Cyclic shift separation of 3 for each OCC index, unequal bandwidth allowed

· Same as in Table 2
· With 2 rank-3 UEs: Cyclic shift separation of 3 for each OCC index

· unequal bandwidth allowed with several CSI pairs: (011,101), (011,110), (100,101), (100,110)

· SU-MIMO performance optimised with several CSI pairs: (000,001), (000,010), (001,111), (010,111)

· With 2 rank-4 UEs: Cyclic shift separation of 3 for each OCC index

· unequal bandwidth allowed with several CSI pairs: (011,101), (011,110), (100,101), (100,110)

· SU-MIMO performance optimised with several CSI pairs: (000,001), (000,010), (001,111), (010,111)
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Table 3: CS/OCC configuration optimised for MU-MIMO with unequal bandwidth.
4 OCC mapping allowing unequal bandwidth MU-MIMO and use of OCC with rank 2
It was shown in [3] that the throughput of rank-2 SU-MIMO can be improved when using OCC and an SIC receiver. In order to enable this possibility and still allow MU-MIMO for rank-3/4 UEs with unequal bandwidths, the example in Table 4 can be used:

· With 8 rank-1 UEs: Cyclic shift separation of 2 for each OCC index, unequal bandwidth allowed

· Same as in Table 2
· With 4 rank-2 UEs: Cyclic shift separation of 3 for each OCC index, unequal bandwidth allowed

· Same as in Table 2
· With 2 rank-2 UEs: Cyclic shift separation of 3 for each OCC index, SU-MIMO performance optimised

· One CSI pair (011, 101)
· With 2 rank-3 UEs: Cyclic shift separation of 3 for each OCC index

· unequal bandwidth allowed with one CSI pair: (100,110)

· SU-MIMO performance optimised with several CSI pairs: (000,001), (000,010), (001,111), (010,111)

· With 2 rank-4 UEs: Cyclic shift separation of 3 for each OCC index

· unequal bandwidth allowed with one CSI pair: (100,110)

· SU-MIMO performance optimised with several CSI pairs: (000,001), (000,010), (001,111), (010,111)
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Table 4: CS/OCC configuration optimised for MU-MIMO with rank-2 OCC use and unequal bandwidth.
5 Summary

Based on the discussion above, our preference is, if MU-MIMO scenarios with UEs transmitting more than two layers are likely to happen, to have the possibility to not use OCC for SU-MIMO. The example in Table 3 can be used. If both performance improvements through rank-2 SU-MIMO and unequal bandwidth MU-MIMO with rank larger than 2 are deemed necessary, the example in Table 4 can be used.
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		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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Feuil1

		

		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

				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		1		1		1						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		0		0		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																						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

				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		1		0		0						Si 4 Ues de rang 2

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

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

		110		10		4		1		7		0		0		1		1

		111		9		3		0		6		1		1		0		0
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MBD033D18B8.unknown
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