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1. Introduction

In the RAN1#61 meeting, the sequence hopping and sequence group hopping issue were discussed and below are the conclusions 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
However, specific sequence and sequence group hopping mechanism for uplink DM-RS design are still remaining topics that need more discussion. This contribution discusses considerations on these topics and presents our views. 

2. Sequence and Sequence Group hopping for 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 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 already agreed for the Rel-10 and beyond UEs if there is no big standardization effort involved. The subframe-level SGH is one of them, but it may introduce additional standardization complexity. Therefore, it may be more desirable that SGH is disabled/enabled for Rel-10 and beyond UEs independent of Rel-8/9 SGH configuration. 
However, if the subframe-level SGH should be introduced in Rel-10, it would be desirable to reuse Rel-8 hopping as much as possible to make it as simplest as possible. For example, the Rel-8 slot-level SGH is reused and the sequence in second slot is overridden by the sequence in the first slot. 
For the introduction of the new mechanism for SGH - ‘UE specific disabled/enabled’ or ‘additional hopping mechanism (=subframe-level hopping)’, a new signalling method to indicate SGH types should be needed. The signalling method could be configured with explicit indication by higher layer signalling as in Rel-8 slot-level hopping or configured with implicit indication by associating with CS indication bits (=3bits) in PDCCH.

Two signalling methods for SGH have pros and cons as below.
[Signalling method 1 for SGH] – explicit indication by higher layer signalling as in Rel-8 slot-level hopping

- Pros (merit)

▪ Flexible PHICH resource assignment (The possibility of PHICH resource collision is lower.)
- Cons (demerit)

▪ Need for additional signalling format and bit (=1bit) by explicit signalling 
▪ Non-dynamical switching for SU-MIMO/MU-MIMO by semi-static signalling 
[Signalling method 2 for SGH] – implicit indication by associating with CS indication bits (3bits) in PDCCH
- Pros (merit)
▪ No additional signalling formats and bits by implicit signalling 
▪ Dynamical switching for SU-MIMO/MU-MIMO by signalling via PDCCH
- Cons (demerit)

▪ Flexibility of PHICH resource assignment could be reduced (if Option A is agreed for OCC mapping rule)
cf) Options for OCC mapping rule [2]

1. Option A for OCC mapping rule
- For all of 8 CSI values, nOCC,k =nOCC,0 for k=1 and nOCC,k =1- nOCC,0 for k=2, 3
2. Option B for OCC mapping rule
- For 4 CSI values, nOCC,k =nOCC,0 for k=1 and nOCC,k =1- nOCC,0 for k=2, 3
- For the other 4 CSI values, nOCC,k =nOCC,0 for k=1, 2, 3
3. Option C for OCC mapping rule
- For 4 CSI values, nOCC,k =nOCC,0 for k=1 and nOCC,k =1- nOCC,0 for k=2, 3
- For another 2 CSI values, nOCC,k =nOCC,0 for k=1, 2, 3
- For the other 2 CSI values, nOCC,k =nOCC,0 for k=2 and nOCC,k =1- nOCC,0 for k=1, 3
Signalling method 2 (=implicit indication by association with CSI bits in PDCCH) has merits in the points of ‘dynamical switching’ and ‘implicit method’. And, the only drawback is that the flexibility of PHICH resource assignment could be reduced. 

In Option A, there are no restrictions for CSI values (=there is only one CSI group). If SGH signalling method is associated with CSI bits in PDCCH, there are two CSI groups. In this case, the flexibility of PHICH resource assignment could be reduced due to half number of the possible CSI values for each hopping case. 
In our companion contribution [2], we had mathematical analysis for above PHICH resource collision problem. By analysis, the flexibility of PHICH resource assignment could be reduced due to half number of the possible CSI values, but it would not necessarily bring any serious PHICH resource collision problem and the PHICH resource assignment without collision could be tolerable. The most serious PHICH resource collision problem (=it cause serious restrictions of PUSCH resource allocation to avoid PHICH resource collision) exists in Option C due to the lack of available number of CSI values (=2), and this is shown in [2].
On the other hand, if Option B is agreed for OCC mapping rule, the flexibility reduction of PHICH resource assignment would happen. However, since 4 CS values are available, it would be possible to manage the restriction on the scheduling up to tolerable level. If each hopping algorithm (=‘UE-specific disable or enable’,  ‘subframe-level or slot-level hopping’) is associated with each CSI group for different OCC mapping rule in Option B, we would not need any additional signalling resources and the restriction should still be acceptable (=there could be no more flexibility reduction of PHICH resource assignment). 
3. Conclusion

In this contribution, we discussed sequence and sequence group hopping mechanism for Rel-10 UL DM-RS. Based on the discussion, we propose the followings for SGH mechanism.

- It would be desirable that SGH (sequence and sequence group hoping) is disabled/enabled for Rel-10 and beyond UEs independent of Rel-8/9 SGH configuration by higher layer signalling 

- If the subframe-level SGH should be introduced in Rel-10, it would be desirable to reuse Rel-8 hopping as much as possible to make it as simplest as possible.

- The signalling for SGH could be configured with explicit indication by higher layer signalling as in Rel-8 slot-level hopping or configured with implicit indication by associating with CS indication bits (=3bits) in PDCCH.

▫ The signalling method for SGH should be decided with considerations of ‘dynamical switching for SU-MIMO/MU-MIMO’, ‘need for additional signalling formats and bits’ and/or ‘flexibility of PHICH resource assignment’.

▪ If Option B in [2] is agreed for OCC mapping rule, there could be no more flexibility reduction of PHICH resource assignment. Therefore, in this case, Signalling method 2 (=implicit indication by associating with CS indication bits (3bits) in PDCCH) is more reasonable.
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