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1
Introduction

During RAN1 #59bis meeting and following e-mail discussion, the following was agreed regarding to TPC in DL grant in LTE-A. [1]
· TPC in DL grant

- is applied to UL CC on which the ACK/NACK is transmitted

- Case of multiple DL grants and ACK/NACK transmission in a single UL CC is FFS
(how to interpret multiple PC commands)

In this document, we discuss and suggest further details about remaining issues of ‘TPC in DL grant’.
2
Discussion
It was agreed that TPC in DL grant is applied to the UL CC where the corresponding ACK/NACK will be transmitted. Remaining issue is how the TPC commands in independent DL grants are applied to the PUCCH transmission(s) in a single UL CC. There can be three possible approaches to interpret multiple TPC commands. 
· Approach 1: combined TPC command over DL grant(s)
· In this approach, eNB signals PUCCH power control command by jointly manipulated TPC(s) in DL grant(s) transmitted in a subframe and then the UE combines all TPC command(s) in DL grants then applies the interpreted power control command. For example, UE accumulates multiple TPC commands transmitted in a subframe and uses the sum of multiple TPC commands for PUCCH power control. 
· Approach 2: TPC only in one DL grant 
· In this approach, eNB signals PUCCH TPC only via a PDSCH grant for a specific DL CC (e.g. DL grant for PCC) and the TPC field in PDSCH grant for other DL CC is used for other purposes so that it can not be interpreted as a TPC command.
· Approach 3: Identical TPC command from DL grant(s)

· In this approach, eNB signals the same TPC command in DL grant(s) transmitted in a subframe and then the UE follows the TPC command. In this approach, if one of TPC commands in DL grant in a subframe is different with others, then UE ignores the TPC command in that subframe. 

In case of approach 1, power control range or granularity could be enhanced, but uncertainty of PUCCH power control operation via TPC command(s) could be increased considering the case that the UE misses some of the DL grants. In addition, it should be investigated whether Rel-8 TPC command range for PUCCH is not enough for LTE-A or not. In case of approach 2, this approach accompanies scheduling restriction because eNB always should assign PDSCH for the specific DL CC (that is, DL PCC) at the subframe in which PUCCH power control is needed. And it could make PUCCH power control unreliable in case of DTX of the PDCCH carrying TPC command. Although approach 3 seems to have redundancy, it can give more robustness about PUCCH power control. Therefore we suggest the following.

· Suggestion: When the contents of the TPC commands corresponding to a same UL CC from the multiple DL grants are same, the UE applies the content as a single TPC command for PUCCH power control. Otherwise, the UE ignores the TPC commands
3 
Summary

In this document we discussed remaining issue about multiple TPCs in DL grant. And the following is our suggestion.
· Suggestion: When the contents of the TPC commands corresponding to a same UL CC from the multiple DL grants are same, the UE applies the content as a single TPC command for PUCCH power control. Otherwise, the UE ignores the TPC commands
4 
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