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1. Introduction

At the Jeju meeting, RAN1 agreed on the following way forward.
PUCCH Cyclic Shift and Orthogonal Cover Hopping


· PUCCH cyclic shift hopping (per symbol) is always enabled
· PUCCH orthogonal cover hopping (per slot) is always enabled
However the exact cyclic shift hopping pattern has not been decided yet.

In this contribution, we propose the way forward on the cyclic shift hopping patterns for further progress.

2. Discussion
Regarding the symbol based cyclic shift hopping patterns for UL ACK/NACK channels, cell specific symbol-based cyclic shift hopping was proposed since the symbol based UE specific or resource specific cyclic shift hopping would degrade the performance of the agreed ACK/NACK structure[1]

 REF _Ref186013251 \r \h 
[2].
In addition, some companies show the interests on the slot based UL ACK/NACK remapping in addition to having symbol based hoping and slot based orthogonal cover remapping for better intra-cell interference randomization effect[2]

 REF _Ref186013507 \r \h 
[3].
There have also been some considerations on the cyclic shift hopping patterns which allow the coexistence of ACK/NACK and CQI in the same RB[3]

 REF _Ref169347360 \r \h 
[4].

3. Proposed way forward
Given that the situations for ACK/NACK only RBs and mixed RBs where ACK/NACK and CQI coexist are different, we propose following way
· Symbol-level cyclic shift hopping. This hopping pattern is cell-specific in order to be consistent with PUCCH DM RS hopping, and to avoid the performance loss in ACK/NACK structure. The purpose of this symbol-level cyclic shift hopping is inter-cell interference randomization.
· Slot-level remapping of cyclic shift (CS) and orthogonal cover (OC).  This remapping complements the above-mentioned cell-specific interference randomization to provide the benefit of intra-cell interference randomization. Depending on the specific structure of  PUCCH, the remapping pattern is defined as
· For PUCCH RBs that contains only ACK/NACK (dynamic and persistent) channels, slot-level CS and OC remapping is UE-specific as follows. The N ACK/NACK resource combos in one RB are given by
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 indicate the OC and CS indices for the i-th resource combo, respectively.   In addition, a=1,2 is the slot index within a subframe. If an UE’s ACK/NACK picks the resource combo 
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with a resulting value of  0,1,2,…,N-1. Here N=12 or 18 (36 is FFS).  Note n is a parameter that is  fixed in the specification and n=3.
· FFS whether signalling of parameter n by RRC or CELL ID is useful.
· For PUCCH RBs that contains only CQI channels, slot-level CS resource specific remapping is defined as follows. If a UE is assigned  
[image: image8.wmf]1

[]

CSi

 i=0,…11, for the first slot, then it will be assigned 
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 in the second slot with  n=12.
· For the PUCCH RB(s) that contain both CQI and ACK/NACK, the same CS remapping rules as the CQI-only RB should be applied.  
· Then, the orthogonal cover hopping should be applied for ACK/NACK channels (i.e. exchanges 2 out of 3OCs in the second slot)
· Slot-level hopping of OC sequence set
· For the PUCCH RBs that contains ACK/NACK (dynamic and persistent) channels, the OC sequence set index is a function of the slot number as specified in the recent draft TS 36.211.
· Commonalities between generation functions for OC sequence set and other hopping functions (e.g. symbol-based cell specific CS hopping and slot based RS sequence hopping) shall be pursued for low complexity. The details for the function are FFS.
· The scheduling requests have the same structure as ACK/NACK, the hopping and remapping patterns should the same as those of the ACK/NACK channels.
4. Conclusion

We propose RAN1 agree on the way forward in section 3. 
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