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1. Introduction

In RAN1 #60bis meeting, the following conclusion has been reached [1] regarding orthogonal cover codes (OCC) for both SU and MU-MIMO:
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In this contribution, we show our views on the signaling mechanism of UL DMRS (i.e. CS mapping for SU-MIMO, OCC implicit assignment).
2. Signalling Mechanism of CS and OCC
In Rel-8, 3bits in the UL grant are used to indicate cyclic shift index for DMRS. In order to satisfy the agreement that the same overhead in UL grant can be accepted, OCC in addition to CS for all layers should be determined automatically considering SU-MIMO and equal/unequal bandwidth MU-MIMO. We think the design baseline of the implicit mapping can be summarized as following, which was already treated in the e-mail discussion:

· assign different CSs for each layers

· maximize the CS space irrespective of the use of OCC

· OCC for SU-MIMO is applied to the UEs, which transmission rank is greater than 2

In addition, we propose the following point for the simple specification.

· 
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 is the CS index for the 1st layer
If we follow these principles, we can narrow down the design of implicit mapping. However for rank 3, some options can be considered.
SU-MIMO versus unequal bandwidth MU-MIMO
If OCC is applied to rank 3 SU-MIMO, it means that unequal bandwidth MU-MIMO with rank 3 UE and rank 1 UE can not be done. Therefore, we should determine which should be prioritized for rank 3, SU-MIMO or unequal bandwidth MU-MIMO.

In our view, 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, and it is impossible to implicitly and specifically link OCC to CS when unequal bandwidth rank 3 UE and rank 1 UE are co-scheduled. Therefore, we propose:

· Employ OCC for rank 3 SU-MIMO

· i.e. unequal bandwidth MU-MIMO with rank 3 UE and rank 1 UE is assumed to be not scheduled
CS separation
If we want to keep the possibility of equal bandwidth MU-MIMO with rank 3 UE and rank 1 UE to maximize the total numbers of layers (and hence throughput), 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. Therefore, we should determine which should be prioritized for rank 3, SU-MIMO or equal bandwidth MU-MIMO.
In our view, SU-MIMO is used only when the UE mobility is enough low, and the orthogonality between layers can be obtained by the use of OCC. Therefore, we propose

· Employ CS separation determined by sum of ranks of co-scheduled UEs
· i.e. maximize the CS separation considering MU-MIMO, and the CS separation for rank 3 UEs shall be 3(i.e. phase shift of π/2)
CS selection, 3 from 4 CSs 
The next question related to rank 3 transmission we consider is which CS index should remain for MU-MIMO UE, because there are 4 candidates of CSs that CS separation is 3. The only requirement is the remained CS index can be indicated by Cyclic Shift Field. To satisfy this requirement, we propose:
· 
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Our overall proposal for CS/OCC signaling can be summarized as following bullets, and the example mapping is shown in Table 1 in Annex:
Proposal 1:

· Regarding CS,

· CS for 1st layer (
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· CSs for other layers are automatically determined considering the CS separation below
· 6 (phase shift of π) for rank 2

· 3 (phase shift of π/2) for rank 3
· 
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· 3 (phase shift of π/2) for rank 4
· Regarding OCC,

· One-to-One mapping between OCC and CS
· OCC [+1 +1] is linked to CS index 0,4,5,6,10 and 11

· OCC [+1 −1] is linked to CS index 1,2,3,7,8 and 9

3. Conclusion

In this contribution, we showed our views on UL DMRS. Our conclusion can be summarized as following:

Proposals:
· Regarding CS,

· CS for 1st layer (
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· CSs for other layers are automatically determined considering the CS separation below

· 6 (phase shift of π) for rank 2

· 3 (phase shift of π/2) for rank 3

· 
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· 3 (phase shift of π/2) for rank 4
· Regarding OCC,

· One-to-One mapping between OCC and CS
· OCC [+1 +1] is linked to CS index 0,4,5,6,10 and 11

· OCC [+1 −1] is linked to CS index 1,2,3,7,8 and 9
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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]

	
	
	
	
	
	3
	[+1 −1]
	3
	[+1 −1]

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

	
	
	
	
	
	9
	[+1 −1]
	9
	[+1 −1]

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

	
	
	
	
	
	9
	[+1 −1]
	9
	[+1 −1]

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

	
	
	
	
	
	3
	[+1 −1]
	3
	[+1 −1]

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

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

	
	
	
	9
	[+1 −1]
	
	
	9
	[+1 −1]

	
	
	
	
	
	0
	[+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]

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

	
	
	
	3
	[+1 −1]
	
	
	3
	[+1 −1]

	
	
	
	
	
	6
	[+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























































































































































































































































Conclusion:


Introduce the OCC in Rel-10 without increasing UL grant signaling overhead


OCC can be used for both SU and MU-MIMO


Continue discussion on Sequence hopping/ Sequence group hopping until next meeting


Keep Rel-8 mechanism


Introduce new hopping mechanism
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