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1
Introduction
During RAN1#63 ‎[1], remaining details of PUCCH format 3 were discussed and following decisions were made:

· Starting resource for PUCCH format 3

· The RRC signalling will provide the flexibility to position the Format 3 region anywhere in frequency

· Check range of n(3)PUCCH (to cover 110 RBs)

· ARI for format 3

· 4 values point to 4 semi-statically configured values of n(3)PUCCH
· Base format 3 PRB indexing on SF in 1st slot

· Use OCC remapping across slots

· Working assumption to use Rel-8 remapping adapted to the format 3 SF

· Check until RAN1#63bis whether inter-cell interference presents a significant problem that requires a modification to the remapping. 

In this contribution, we present our preferences with respect to DM RS cyclic shift and OCC remapping across slots.
2
Discussion 

OCC resource remapping

The question of  data OCC and DM RS CS resource indexing has been considered in several contributions ‎[2]

 REF _Ref282118860 \r \h 
‎-[5]. As pointed out e.g. in ‎[3], it is straigthforward to adapt Rel-8 PUCCH format 2 remapping to the OCC remapping in PUCCH format 3. In the simplest form it can be captured as
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We see that more sophisticated – or complicated – adaptations of Rel-8 remapping need to be carefully justified with shown significant performance benefits.  

DM RS cyclic shift resource indexing

Related to DM RS cyclic shift resource indexing, we see that the spacing between orthogonal channel samples should be minimized in frequency. In above, the spacing of orthogonal samples is related to the averaging/filtering needed to make other UE’s DM RS sequences orthogonal with the desired UE’s DM RS sequence. This means that the allocated cyclic shifts should be equally spaced and the distance between adjacent cyclic shifts should be maximised. 
These criteria are somewhat contradicting when 5 cyclic shifts are determined from sequence of length 12. To solve the problem, CS allocation schemes containing cyclic shift separations of both 2 and 3 cyclic shifts have been proposed e.g. in ‎[2],‎[4]. However, this means that only one orthogonal channel sample is available for simple frequency domain channel estimation. On other hand, if equal spacing between cyclic shifts is maintained as proposed e.g. in ‎[3],‎[5], two orthogonal channel samples are obtained. This can provide significant performance gain. Thus we see that equal spacing of cyclic shifts is more important to facilitate simple channel estimation in frequency domain.

Hence, we propose that cyclic shift spacing is 2 and 3 for normal and shortened PUCCH format 3, respectively. We also propose that PUCCH format 2 cyclic shift remapping across slots is used also with PUCCH format 3. With 
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 defined as above, these proposals can be captured as follows: 
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3
Summary 

In this contribution, we considered PUCCH format 3 details related to OCC remapping across slots and DM RS cyclic shift allocation. We propose that

· PUCCH format 2 remapping is applied in a straightforward manner to PUCCH format 3 OCC remapping
· DM RS cyclic shifts are allocated with equal spacing. 

These proposals can be captured as follows: 
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