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1. Introduction

In the RAN1#63 meeting, it has been discussed on details of sequence/sequence group hopping, CS and OCC allocation for multiple layers regarding to UL DM-RS and the following agreement was captured in RAN1 chairman’s notes. 

Agreement at RAN1 #63 meeting:

The working assumption on the initial PDCCH based OCC/CS table is confirmed as agreement.

For sequence and sequence group hopping issue : 

· Alt1:  UE-specific disabling only SGH across slots within one subframe

· Alt2:  UE-specific disabling of SGH across both slots and subframes
Observation:
· Additional implementation/test cases if  we have UE-specific disabling of SGH within one subframe, but allow hopping across subframes

· UE-specific disabling of SGH across both slots and subframes  does not require new implementation

· If we cannot decide on either Alt1 or Alt2, we will likely have to rely on only the Rel-8 feature cell-specific SGH disabling.

Continue discussion until RAN1#63bis. 

However, it still has not been decided regarding additional details of UE-specific disabling of sequence and sequence group hopping (SGH) for UL DM-RS. In this contribution, we provide our view whether UE-specific disabling SGH for PUSCH is only across slots within one subframe or across both slots and subframes on UL DM-RS for LTE-A.

2. UE-specific configuration of SGH for PUSCH
In the RAN1 #62bis meeting, it has been agreed that UE-specific configuration of SGH for PUSCH is supported by higher-layer signalling in addition to cell-specific on/off configuration of SGH for Rel-10 UEs on [1]. There are two alternatives regarding SGH configuration to keep the DM-RS orthogonality in MU-MIMO paring of UEs with non-equal bandwidth as followings:

· Alt 1: Disabling SGH across both slots and subframes
The sequence root indices should be the same within a subframe to maintain the DM-RS orthogonality between MU-MIMO UEs paired with non-equal bandwidths. The most straightforward solution is to disable SGH for non-equal BW MU-MIMO operation in a cell. However, the cell-specific SGH disabling operation could derive performance degradation on PUCCH and SRS which is not supported by HARQ operation. And for UL MU-MIMO paring UEs with non-equal BW, resource allocation on PUSCH would be more than 3RB. Then, the additional randomization effect by sequence and sequence grouping hopping might be negligible. Thus, UE-specific turning off of SGH for PUSCH across slots and subframes can be a simple extension to cell-specific SGH disabling as defined in Rel-8. 

· 
Alt 2: Disabling only SGH across slots within one subframe (i.e. sub-frame level SGH)
This method guarantees the orthogonality of DM-RSs on UL MU-MIMO paring UEs with non-equal BW by sub-frame level SGH. Even though the sub-frame level SGH could provide slightly better mean square error (MSE) of channel estimation performance than disabling SGH [3], it is still unclear for the necessity of the subframe level SGH since CS hopping between slots is always enabled to mitigate inter-cell interference from a small number of CS combination which might occur high cross-correlation. And for UL MU-MIMO paring UEs with non-equal BW, resource allocation on PUSCH would be more than 3RB. Then, the additional randomization effect by sub-frame level SGH might be negligible. Moreover, since the sub-frame level SGH will cause change or modification for Rel-8/9 hopping sequence and pattern from the whole system perspective and it will also require an additional functional test case if we allow to have a new subframe level SGH which was not defined as Rel-8/9. Therefore, RAN1 should carefully investigate how much additional specification changes are required from this new sub-frame level SGH.
Based on the above observations, Alt-1 seems to be reasonable for UEs to support MU-MIMO with non-equal bandwidth in Rel-10 since it can be implemented by a simple operation as defined in Rel-8/9 without an additional specification effort. Therefore, we prefer to have UE-specific disabling SGH across both slots and subframes.
Proposal: It seems reasonable to adopt Alt-1(UE specific disabling SGH across both slots and subframes) rather than Alt-2(sub-frame level SGH) in order to support MU-MIMO paring UEs with non-equal BW.

3. Conclusion
In this contribution, we discussed remaining issue for UL DM-RS whether UE-specific disabling of SGH for PUSCH is across both slots and subframes or across slots within a subframe (i.e. subframe level hopping). Based on the discussion above, we summarize our views as followings:
· Proposal: It seems reasonable to adopt Alt-1(UE specific disabling SGH across both slots and subframes) rather than Alt-2(sub-frame level SGH) in order to support MU-MIMO paring UEs with non-equal BW.
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