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1. Introduction

The combination of 12-length CG sequence and orthogonal covering scheme is employed as the user multiplexing scheme for the ACK/NACK and CQI on PUCCH. At the Orlando meeting, following way forward was agreed.

For the PUCCH, the cyclic shift hopping period should be per symbol (DM RS, ACK/NAK, CQI)
Regarding the cyclic shift hopping patterns for ACK/NACK channels, cell specific symbol-based cyclic shift hopping was proposed since the symbol-based UE specific cyclic shift hopping would distort the orthogonality of the block-wise spreading codes. Moreover, some companies propose to employ slot-based UE specific (or CS resource specific) remapping in addition to symbol-based cell specific CS hopping [1]

 REF _Ref169347360 \r \h 
[2] for the inter-cell/intra-cell interference randomization. But there have not been enough discussion about cyclic shift hopping patterns for CQI channels.
In this contribution, we discuss the hopping patterns for the CQI channels and consider the necessity of the commonality of the cyclic shift hopping patterns for ACK/NACK channels and CQI channels on PUCCH.
2. Cyclic shift hopping pattern for the ACK/NACK and CQI channels on PUCCH
No block-wise spreading codes are applied for the CQI channels. So there would be some benefit to have symbol-based UE specific hopping instead of slot-based UE specific remapping from the intra-cell interference randomization. This concept of independent hopping pattern between ACK/NACK channels and CQI channels can be easily applied when ACK/NACK channels and CQI channels are put in the different RBs like Figure 1. Both the hopping patterns for ACK/NACK channels and that of CQI channels can be freely defined within the same RB respectively.

[image: image1.emf]ACK ACK ACK ACK

ACK

ACK ACK ACK ACK ACK

ACK ACK ACK ACK ACK

Cyclic Shift Index

O

r

t

h

o

g

o

n

a

l

 

c

o

v

e

r

 

i

n

d

e

x

ACK

ACK

ACK

Wseq1 = [ 1, 1, 1, 1]

Wseq2 = [ 1,-1, 1,-1]

Wseq3 = [ 1,-1,-1, 1]

0 1 2 3 4 5 6 7 8 9 10 11

C

Q

I

C

Q

I

C

Q

I

C

Q

I

C

Q

I

C

Q

I

1RB

1RB


Figure 1 An example of the ACK/NACK and CQI channels allocations for one RB
However, we have concerns about having different methodologies of the cyclic shift hopping for ACK/NACK channels and that for CQI channels in case that ACK/NACK channels and CQI channels coexist within the same RB like Figure 2. According to the working assumption, ACK/NACK and CQI channels coexist in the same RB depending on the scheduler implementation and we also should take this case into account when considering the cyclic shift hopping pattern for CQI.
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Figure 2 Another example of the ACK/NACK and CQI channels allocation for one RB
If ACK/NACK and CQI have independent cyclic shift hopping patterns, it would be difficult to ensure that ACK/NACK channels and CQI channels never collide with each other unless all the UEs know the boundary of the ACK/NACK channels and CQI channels. This also means that hopping pattern for ACK/NACK channels are not identical depending on the existence of the CQI channels in the same RB and vise versa.
So, it is necessary to define the common cyclic shift hopping patterns for ACK/NACK channels and CQI channels in order to reduce the signaling, complexities and testing efforts.
3. Conclusion

We discussed the necessity of the commonality for the cyclic shift hopping patterns for UL ACK/NACK channels and CQI channels on PUCCH. Since eNB should support the coexistence of the ACK/NACK channels and CQI channels within the same RB, we propose to define the common cyclic shift hopping methodologies for ACK/NACK channels and CQI channels. This commonality reduces the signaling, complexities and testing efforts.
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