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1   Introduction
This paper discusses allocation of PUCCH for CQI+ACK/NACK transmission and erroneous operation when downlink grant is mis-detected.
2   Allocation of PUCCH
2.1 Current working assumption
Current working assumption related to PUCCH allocation is as following.
PUCCH for ACK/NACK transmission
For non-persistent scheduling, the ACK/NACK resource is linked to the index of the control channel used for scheduling.
PUCCH for CQI transmission

Baseline is periodic CQI reporting. The possibility of linking the configuration of a periodic reporting cycle to a persistent scheduling cycle should be considered. Trigger-based CQI reporting, in addition to periodic CQI reporting, is FFS.
Therefore, ACK/NACK resource is not explicitly signaled while CQI resource is explicitly signaled by higher layer signaling.
2.2 PUCCH allocation for CQI + ACK/NACK transmission

For CQI + ACK/NACK transmission, either of two resources in section 2.1 should be utilized. The pros and cons of them are described below.

A. CQI + ACK/NACK transmission with resource scheduled by higher layer signaling

· Pros
Resource allocation for ACK only transmission is not affected by CQI transmission

· Cons

PUCCH format depends on the result of downlink grant detection

B. CQI + ACK/NACK transmission with resource linked to control channel index
· Pros
eNode B can detect if downlink grant detection was successful or not

· Cons
Two PUCCH resources are reserved for one UE
In case of A, PUCCH may be detected by wrong format when downlink grant was mis-detected by UE as eNodeB can not be detected if downlink grant detection was successful or not as discussed in [1]. Some techniques to avoid this issue is required.

In case of B, both resource for ACK/NACK transmission and that for CQI transmission should be reserved. This is because resource for CQI transmission is used when downlink grant is mis-detected. However, it enables eNodeB to detect if downlink grant detection was successful or not without any additional scheme. If PUCCH resource for ACK/NACK is used, it means downlink grant was successfully detected by UE and eNodeB detects PUCCH with assuming CQI + ACK/NACK format. If PUCCH resource for CQI is used, it means downlink grant was mis-detected by UE and eNodeB detects PUCCH with assuming CQI format.
Another possible solution is not to transmit CQI and ACK/NACK at the same time. This is a simple solution, but influence on system performance should be carefully evaluated.

3 Conclusions
In this contribution, allocation of PUCCH for CQI+ACK/NACK transmission and erroneous operation when downlink grant is mis-detected were discussed. With considering later issue, either
· Not to transmit CQI and ACK/NACK at the same time
                                         or

· CQI + ACK/NACK transmission with resource linked to control channel index
is a simple solution. If these schemes are not acceptable because of system performance degradation or PUCCH resource overhead,

· CQI + ACK/NACK transmission with resource scheduled by higher layer signaling
may be required. For this option, some solutions for downlink grant mis-detection case should be considered.
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