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1. Introduction

In the RAN1#61 meeting, the SGH (sequence hopping and sequence group hopping) issue were discussed and the conclusions are as below from the discussion.

- 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
In the RAN1#62-bis meeting, for the above new mechanism, there are some agreements as follows. 

- In addition to cell-specific on/off configuration of SGH for Rel-10 UEs, UE-specific configuration of SGH for PUSCH is supported by higher-layer signaling. 

▪ The UE-specific configuration disables SGH for PUSCH

▫ FFS if disabling is across slots within one subframe, or across slots and subframes

▪ When the cell-specific SGH is enabled, the cell-specific configuration of SGH is overridden once UE-specific configuration is received.

▪ When the cell-specific SGH is disabled, it has priority over the UE-specific configuration

However, the detailed method for disabling of UE-specific SGH configuration is still remaining topic that needs more discussion. This contribution discusses considerations on this topic and presents our views. 

2. Sequence and Sequence Group Hopping in UL DM-RS
In RAN1 #60bis meeting, it was agreed that the OCC is introduced without increasing UL grant signalling overhead for the potential benefit for UL SU-MIMO with higher rank and UL MU-MIMO with equal/non-equal sized bandwidth pairing. The UL MU-MIMO with non-equal sized bandwidth pairing could provide the flexible UE pairing in MU-MIMO, and it is one of the main motivations of supporting OCC in MU-MIMO. However, if SGH (sequence hopping or sequence group hopping) in Rel-8/9 is enabled, the OCC cannot guarantee the orthogonality among the users with different bandwidth allocation in MU-MIMO. 
One of the solutions for this situation is that Rel-8/9 cell-specific disabling of SGH could be available in Rel-10 UL MU-MIMO which has the pairing of non-equal sized bandwidth UEs, and it was already agreed that Rel-8/9 cell-specific enabling or disabling of SGH is available in Rel-10. However, the cell-specific disabling could cause unexpected loss of inter-cell interference randomization for other UEs (which is not in MU-MIMO with a pairing of non-equal sized bandwidth UEs) in the cell.
The other solution is the introduction of a new mechanism for MU-MIMO with different bandwidth pairing to improve the inter-cell interference randomization, which was also agreed for the Rel-10 UEs if there is no big standardization effort involved. In the RAN1#62-bis meeting, for the above new mechanism, it was agreed that UE-specific configuration of SGH for PUSCH is supported by high layer signalling. 

However, the detailed mechanism for disabling of newly-introduced UE-specific SGH configuration is not determined yet. For the above, we can consider two options to disable UE-specific SGH for PUSCH as follows. 
1) Option 1([1]~[4]) : UE-specific disabling of SGH across both slots and subframes
The UE-specific SGH configuration can be disabled across both slots and subframes for Rel-10 UEs with non-equal bandwidth allocation in MU-MIMO, and independent of the cell-specific SGH configuration. The UE-specific SGH configuration according to Option 1 has the same detailed mechanism for disabling of SGH in comparison with the Rel-8/9 cell-specific SGH configuration except the only difference of ‘cell-specific→UE-specific’. That is, in the UE-specific SGH configuration according to Option 1, the enabling/disabling of SGH is implemented in eNB and UEs and does not require new implementations.
2) Option 2([5]~[8]) : UE-specific disabling only SGH across slots within one subframe
The main reason of necessity for the newly-introduced UE-specific SGH configuration is that OCC cannot guarantee the orthogonality among the users with non-equal bandwidth allocation in MU-MIMO if slot-level SGH is enabled. Therefore, if only slot-level enabling of SGH is changed into subframe-level enabling of SGH (= UE-specific disabling only SGH across slots within one subframe), OCC can guarantee the orthogonality for the UEs with non-equal bandwidth allocation in MU-MIMO. Furthermore, the subframe-level hopping could provide better ICI randomization effect in comparison with the UE-specific SGH configuration according to Option 1. However, Option 2 (=subframe-level hopping) could cause more specification impacts than Option 1 and additional implementation/test cases. 
The subframe-level hopping (=Option 2) could outperforms Option 1 due to better ICI randomization. On the other hand, the ICI randomization could be basically provided by slot-level cyclic shift hopping. Especially, the cyclic shift hopping (CSH) could provide sufficient mitigation of inter-cell interference for large bandwidth allocation even if SGH is disabled. (In [4], it was observed that the average cross-correlation experienced with CSH but without SGH for sequences with lengths above 24 will be smaller than the mean/median cross-correlation experienced with CSH and SGH for sequences with length 12. That is, Option 2 could have satisfactory effects on inter-cell interference mitigation only for MU-MIMO with very small bandwidth.)
3. Conclusion

In this contribution, we discussed remaining details on sequence and sequence group hopping in UL DM-RS - the detailed method for disabling of UE-specific SGH configuration.
Based on the discussion, more discussions are needed to optimize the disabling method of SGH with consideration of real impacts on implementation and performance due to ICI randomization. However, if we consider the lack of time for completion of Rel-10 specification, UE-specific disabling of SGH across both slots and subframes (option 1) would be preferred in Rel-10 because of its marginal impacts on specification. If it needs, further optimization could be dealt in future releases.
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