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1. Introduction

In RAN1 #61bis meeting, the following conclusion has been reached [1] regarding the mapping rule of cyclic shift (CS) and orthogonal cover codes (OCC) for SU and MU-MIMO:

[image: image1]
In this contribution, we show our views on the signaling mechanism of UL DMRS (i.e. CS mapping for SU-MIMO and OCC implicit assignment) and propose that more flexible CS/OCC assignment taking equal / unequal bandwidth MU-MIMO into account.
2. CS and OCC Mapping for Rank 3
Despite the agreements in RAN1 #61bis meeting, the basic mapping rules for rank 3 is still FFS because OCC in addition to CS for all layers should be determined automatically considering SU-MIMO and equal/unequal bandwidth MU-MIMO. In this section, we describe our view how to design CS/OCC mapping rules especially for rank 3 case.
2.1. OCC Assignment
If OCC is applied to rank 3 SU-MIMO, it means that unequal bandwidth MU-MIMO with rank 3 UE and rank 1 UE cannot be realized. On the other hand, the higher orthogonality of DMRS, especially equal bandwidth MU-MIMO, cannot be obtained when OCC is disabled. Therefore, the CS / OCC mapping of rank 3 should be designed taking this aspect into account.

Even if the possibility of unequal bandwidth MU-MIMO is kept for rank 3 UEs, the scheduling algorithm of unequal bandwidth MU-MIMO with the rank 3 UE and rank 1 UE would be more complex because the scheduler should calculate the metric for all combination of rank / precoder with co-scheduled UEs. In addition, the performance improvements by unequal bandwidth MU-MIMO with rank 3 UE and rank 1 UE is unclear at this moment. However unequal bandwidth MU-MIMO would be important technique in the future and the possibility should be considered even in Rel-10 for the forward compatibility. Therefore, we propose both OCC enable and disable should be supported in Rel-10.
Proposal:

· OCC enable / disable is introduced for rank 3 transmission
· OCC enabled: targeting equal bandwidth MU-MIMO

· OCC disabled: targeting unequal bandwidth MU-MIMO
2.2. CS Separation
If it is desired to keep the possibility of equal bandwidth MU-MIMO with rank 3 UE and rank 1 UE to maximize the total numbers of layers, the CS separation for overall 4 layers should be set to 3 (i.e. phase shift of π/2). However, if the performance of SU-MIMO is prioritized, the CS separation should be 4 (i.e. phase shift of 2π/3) to avoid the inter-layer interference as much as possible. In addition, CS separation of 4 (i.e. phase shift of 2π/3) would be appropriate for unequal bandwidth MU-MIMO because the orthogonality by CS cannot be kept within MU-MIMO UEs.
Proposal:

· In the case of OCC enabled,
· maximize the CS separation considering equal bandwidth MU-MIMO
· the CS separation shall be 3 (i.e. phase shift of π/2)
· In the case of OCC disabled,
· maximize the CS separation within one UE considering unequal bandwidth MU-MIMO
· the CS separation shall be 4 (i.e. phase shift of 2π/3)
3. Conclusion

In this contribution, we showed our views on UL DMRS especially for rank 3 case. Our conclusion can be summarized as following. In addition, example CS/OCC mapping is shown in Table 1 in Annex.
Proposals:
· Targeting equal bandwidth MU-MIMO,

· OCC enable is introduced for rank 3, and its CS separation is 3
· Targeting unequal bandwidth MU-MIMO,

· OCC disable is introduced for rank 3, and its CS separation is 4
4. References
[1] 3GPP, RAN1#61bis draft meeting report
5. Annex

Table 1: Example mapping of Cyclic shift Field in DCI format 0 and CS/OCC for each rank

	Cyclic Shift Field in
DCI format 0
	CS/OCC index for each layer

	
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	
	CS
	OCC
	CS
	OCC
	CS
	OCC
	CS
	OCC

	000
	0
	[+1 +1]
	0
	[+1 +1]
	0
	[+1 +1]
	0
	[+1 +1]

	
	
	
	
	
	4
	[+1 +1]
	3
	[+1 −1]

	
	
	
	6
	[+1 +1]
	8
	[+1 +1]
	6
	[+1 +1]

	
	
	
	
	
	
	
	9
	[+1 −1]

	001
	6
	[+1 +1]
	6
	[+1 +1]
	6
	[+1 +1]
	6
	[+1 +1]

	
	
	
	
	
	10
	[+1 −1]
	9
	[+1 −1]

	
	
	
	0
	[+1 +1]
	2
	[+1 +1]
	0
	[+1 +1]

	
	
	
	
	
	
	
	3
	[+1 −1]

	010
	3
	[+1 −1]
	3
	[+1 −1]
	3
	[+1 −1]
	3
	[+1 −1]

	
	
	
	
	
	7
	[+1 −1]
	6
	[+1 +1]

	
	
	
	9
	[+1 −1]
	11
	[+1 −1]
	9
	[+1 −1]

	
	
	
	
	
	
	
	0
	[+1 +1]

	011
	4
	[+1 +1]
	4
	[+1 +1]
	4
	[+1 +1]
	4
	[+1 +1]

	
	
	
	
	
	7
	[+1 −1]
	7
	[+1 −1]

	
	
	
	10
	[+1 +1]
	
	
	10
	[+1 +1]

	
	
	
	
	
	1
	[+1 −1]
	1
	[+1 −1]

	100
	2
	[+1 −1]
	2
	[+1 −1]
	2
	[+1 −1]
	2
	[+1 −1]

	
	
	
	
	
	5
	[+1 +1]
	5
	[+1 +1]

	
	
	
	8
	[+1 −1]
	
	
	8
	[+1 −1]

	
	
	
	
	
	11
	[+1 +1]
	11
	[+1 +1]

	101
	8
	[+1 −1]
	8
	[+1 −1]
	8
	[+1 −1]
	8
	[+1 −1]

	
	
	
	
	
	11
	[+1 +1]
	11
	[+1 +1]

	
	
	
	2
	[+1 −1]
	
	
	2
	[+1 −1]

	
	
	
	
	
	5
	[+1 +1]
	5
	[+1 +1]

	110
	10
	[+1 +1]
	10
	[+1 +1]
	10
	[+1 +1]
	10
	[+1 +1]

	
	
	
	
	
	1
	[+1 −1]
	1
	[+1 −1]

	
	
	
	4
	[+1 +1]
	
	
	4
	[+1 +1]

	
	
	
	
	
	7
	[+1 −1]
	7
	[+1 −1]

	111
	9
	[+1 −1]
	9
	[+1 −1]
	9
	[+1 −1]
	9
	[+1 −1]

	
	
	
	
	
	1
	[+1 −1]
	0
	[+1 +1]

	
	
	
	3
	[+1 −1]
	5
	[+1 −1]
	3
	[+1 −1]

	
	
	
	
	
	
	
	6
	[+1 +1]


Note 1: CS index and OCC enclosed by a heavy orange line denote 1st layer, which is determined by the same manner as Rel-8
Note 2: CS index in red denotes that can’t be indicated by 3 bit Cyclic Shift Field in DCI format 0 for rank 1 UEs























































































































































































































































Agreement 


For initial transmission the CSI to (CS, OCC) should follow the following


CS and OCC for layer 0(nDMRS,0(2), nOCC,0) is derived from 3-bit cyclic shift indicator (CSI) in UL DCI format. 


Mapping table between CSI and ( nDMRS,0(2) , nOCC,0) 


Exact mapping  is FFS


CS for layer k (k=0,1,2,3) is derived from CS offset according to nDMRS,k(2)=(nDMRS,0(2)+∆k) mod 12


CS offsets (∆k) for 2 layers are 0, 6 for k=0,1


CS offsets (∆k) for 4 layers are 0, 6, 3, 9 for k=0, 1, 2, 3


CS offsets (∆k) for 3 layers are FFS. 


FFS applicability of the above to retransmission cases
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