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1. Introduction

In the RAN1#61 and RAN1#61bis meeting, it has been discussed on sequence/sequence group hopping, CS and OCC allocation for multiple layers regarding to UL DM-RS and the following conclusions were captured in RAN1 chairman’s notes. 

Agreement in RAN1#61meeting:

· Rel-8/9 cell-specific enabling or disabling of SGH is available in Rel-10

· In order to improve the inter-cell interference randomization for MU-MIMO with different bandwidth pairing, 14 companies are OK to consider defining a new mechanism for the Rel-10 and beyond UE if there is no big standardization effort.

· A new mechanism should show benefit in performance

· Continue discussion in the next meeting, including application scenarios

Agreement in RAN1#61bis meeting:

· 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

In this contribution, we discuss remaining issues for UL DM-RS such as sequence/ sequence group hopping aspects, implicit mapping between OCC and dynamically signalled CS index and CS allocation for each layer on rank-3 transmission.
2. Remaining issues on UL DM-RS for UL MIMO
2.1. Sequence hopping/sequence group hopping for supporting MU-MIMO with non-equal BW
The introduction of OCC has benefit for case of MU-MIMO UE paring with non-equal bandwidth. However, if cell specific sequence/group hopping on slot boundary is enabled, OCC cannot guarantee the DM-RS orthogonality for each UE in MU-MIMO scenarios above. Therefore, the method to maintain DM-RS orthogonality on sequence/group hopping is required in case MU-MIMO paring of UEs with non-equal bandwidth.
There are two alternatives to support OCC on sequence/ group hopping in case MU-MIMO paring of UEs with non-equal bandwidth as followings: 
· Alt A : Keep Rel-8 sequence/group hopping based on slot boundary

· Alt B : Introduce new hopping mechanism
As a method to keep Rel-8 sequence/group hopping mechanism, it seems reasonable to disable the sequence/group hopping of all the UEs in the cell to support un-equal bandwidth pairing of Rel-10 UE with OCC. This method can be implemented by simple operation without specification impact. However, it requires more complicate sequence planning due to non-sequence/group hopping. 
If new sequence/group hopping mechanism is introduced in Rel-10 or future release, it could be considered to adopt disabling sequence/group hopping by UE specific RRC signalling or UE specific sub-frame level both sequence/group hopping in Rel-10 only for UL DM-RS due to the fact that cell specific sequence/group hopping operation is commonly applied even for PUCCH and SRS. Therefore, it seems proper that disabling sequence/group hopping by UE specific RRC signalling and for sub-frame level sequence/group hopping of DM-RS is set to UE-specific parameter. For the sub-frame level sequence /group hopping case, it is not clear for the necessity since cyclic shift hopping between slots is always enabled to mitigate bad cross-correlation between small number of combinations for certain cyclic shifts. Therefore, it seems reasonable to consider disabling sequence/group hopping by UE-specific RRC signalling in order to support MU-MIMO paring UEs with non-equal bandwidth.
Proposal: It seems reasonable to consider disabling sequence/group hopping by UE-specific RRC signalling in order to support MU-MIMO paring UEs with non-equal BW.
2.2. Configuration between CSI and CS/OCC value
In RAN1 #61bis meeting, it has been agreed that CS and OCC for layer 0 is derived from 3-bit cyclic shift indicator (CSI) in UL DCI format. However, it is still FFS for exact mapping table between CSI and CS/OCC value, i.e. (nDMRS,0(2) , nOCC,0). Table 1 shows an example of mapping table between CSI and CS/OCC value.

Table 1. Example of mapping table between CSI and CS/OCC both for SU/MU-MIMO
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	000
	0
	[+1 +1]

	001
	6
	[+1 +1]

	010
	3
	[+1  +1]

	011
	4
	[+1  -1]

	100
	2
	[+1 -1]

	101
	8
	[+1 -1]

	110
	10
	[+1  -1]

	111
	9
	[+1  +1]


As considering MU-MIMO among UEs, it is desirable that different OCC is assigned for contiguous CS value defined as nDMRS,0(2) since a problem for DM-RS orthogonality by timing misalignment between UEs for MU-MIMO could be more serious as compared to that by timing misalignment between layers in a UE. This approach may allow an eNB to assign CS values for multiple UEs with maximum degree of freedom as much as possible. And it can be also regarded as a method to maintain maximum CS separation between layers regardless of transmission rank as well as providing full flexibility in terms of assigning CSI to the UE which has capability of UL SU-MIMO/MU-MIMO. Additionally, it seems reasonable not to apply OCC between layers for rank-2 transmission due to the fact that DM-RS orthogonality between MU-MIMO paring UEs with non-equal bandwidth should be obtained by applying different OCC index between UEs as well as rank-2 transmission in SU-MIMO could be part of MU-MIMO paring and introduction of OCC does not improve SU-MIMO performance up to rank-2. 

Additionally, it could be considered to introduce additional CS values such as 1, 5, 7 and 11 except the 8 number of CS values included to Rel-8 in order to maintain maximization of cyclic shift separation between layers in case of multiple layer transmission. For the case, these CS values should not be allocated as CS value for layer 0 derived from 3-bit cyclic shift indicator (CSI) in UL DCI format on the perspective of backward compatibility with Rel-8 but these CS values would be used for the other layers. Therefore, implicit mapping CS and OCC for these CS index also needs to be defined. For example, the following configuration for CS/OCC such as (CS_value=1, OCC=[+1 +1]), (CS_value =5, OCC=[+1 -1]), (CS_value =7, OCC=[+1 +1]) and (CS_value =11, OCC=[+1 -1]) can be considered on the perspective of maximizing CS separation between layers regardless of transmission rank.

Proposal: We prefer to adopt implicit CS/OCC mapping by CS index as shown in Table 1, in addition to have CS/OCC configuration for other CSs such as CS value 1, 5, 7 and 11 except 8 number of CSs defined in Rel-8.

Regarding to CS allocation for each layer on rank-3 transmission, it is desirable as criterion for CS allocation that the CS separation among layers has as large as possible in order to minimize inter-layer interference from the perspective of CDM approach using CSs among multiple layers similar to rank-2 and rank-4 transmission. Therefore, for rank-3 transmission, it seems beneficial to apply pre-defined general rule such as d=12/N (where d is CS separation between layers, N is transmission rank) as same as rank-2 and rank-4 transmission. 
Proposal: For rank-3 transmission, we prefer to apply pre-defined general rule such as d=12/N (where d is CS separation between layers, N is transmission rank) as same as rank-2 and rank-4 transmission.

2.3. CS allocation for non-adaptive retransmission case

For the initial transmission case, it has been agreed that CS and OCC for each layer is derived from 3-bit CSI indicated in UL DCI format according to CS offsets. However, as considering UL transmission with multiple code-words and non-adaptive retransmission case, additional rule for CS and OCC for each layer needs to be defined if one of two CW is successfully decoded and non-adaptive retransmission by PHICH for the other CW is required. There are two options in the followings: 

· Option 1: Re-using CS and OCC for each layer used for initial transmission or the most recent PUSCH assignment.
· Option 2: Following CS and OCC for each layer based on CSI in UL grant indicated by the most recent assignment.
Both option 1 and option 2 can be considered as feasible solutions for assigning CS and OCC for each layer. It seems not to be different between two options on the perspective of maintaining DM-RS orthogonality in case of retransmitting two CWs or one of two CWs on rank-2 and rank-4 transmission. However, in case that the rank-3 transmission as initial transmission is performed and then retransmission for second CW is required, there is a little different between two options. The figure 1 is an example using certain CS and OCC in the corresponding case. 
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Figure 1. Comparison between option 1 and option 2 for CS and OCC configuration on non-adaptive retransmission in case of rank-3 transmission
The option 2 seems to be more beneficial than option 1 from the perspective of maximizing CS separation between layers and using same OCC index between layers for the rank-2 case. Therefore, we slightly prefer option 2 as a method to determine CS and OCC configuration for each layer in non-adaptive retransmission case by PHICH-triggering
Proposal: We slightly prefer option 2 as a method to determine CS and OCC configuration for each layer in non-adaptive retransmission case by PHICH-triggering
3. Conclusion
In this contribution, we discussed remaining issues for UL DM-RS such as sequence/ sequence group hopping aspects, implicit mapping between OCC and dynamically signalled CS index and CS allocation for each layer on rank-3 transmission. Based on the discussion above, our views are as follows:
· Proposal: It seems reasonable to consider disabling sequence/group hopping by UE-specific RRC signalling in order to support MU-MIMO paring UEs with non-equal BW.

· Proposal: We prefer to adopt implicit CS/OCC mapping by CS index as shown in Table 1, in addition to have CS/OCC configuration for other CSs such as CS value 1, 5, 7 and 11 except 8 number of CSs defined in Rel-8.
· Proposal: For rank-3 transmission, we prefer to apply pre-defined general rule such as d=12/N (where d is CS separation between layers, N is transmission rank) as same as rank-2 and rank-4 transmission.

· Proposal: We slightly prefer option 2 as a method to determine CS and OCC configuration for each layer in non-adaptive retransmission case by PHICH-triggering
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