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1. Introduction

The LTE Release 8/9 specification supports group power control commands, which are dynamically signaled using DCI Formats 3/3A. Such power control commands are useful for SPS, SRS and periodic CQI transmissions, and, possibly, non-adaptive PUSCH re-transmission. When UL grants on two or more UL CCs are scheduled from a single DL CC, it is unclear how to uniquely identify which UL CC a PDCCH with DCI format 3/3A refers to since formats 3/3A are signaled in the UE common search space. This contribution presents our views on group power control commands for cross-carrier scheduling.
2. Discussion
A few options were earlier proposed for carrier indication in DCI formats 3/3a. To preserve backward compatibility and coexistence with Rel-8/9 UEs the following options are possible:
1. Embedding the CIF into a fixed or configured position in the payload of DCI format 3/3A [1].
2. A UE is assigned one tpc-Index per configured UL CC [2].

Option 1 essentially replaces some TPC indexes in the 3/3A payload with a carrier indication field(s). This reduces the number of UEs that can be grouped under one TPC-PUSCH-RNTI/TPC-PUCCH-RNTI. However, in general, it is not efficient in terms of signaling overhead because the CIF is UE-specific. 

On the other hand Option 2 allocates multiple TPC indexes to one UE based on the number of configured UL CCs.  It has the least impact on the specification (at least from a RAN1 perspective). For example, given N TPC commands in DCI Format 3, a UE configured for 2 UL CCs can be assigned tpc-Index k and tpc-Index k+1(k < N). Thus, Rel-8/9 and LTE-A UEs can be grouped together when sending a group power control command using DCI Formats 3/3A irrespective of the specific CC-configuration of the individual UEs.
Note that carrier indication is not required when DCI format 3/3A is scrambled with TPC-PUCCH-RNTI based on the agreement at RAN1 #60 that a UE is configured to transmit uplink control information on only one UL CC. Therefore the UE uniquely knows which CC the TPC command in 3/3A refers to. Carrier indication is also not required for SPS since RAN2 has agreed that SPS is only configured on the primary component carrier (PCC). However, carrier indication may be required for SRS and non-adaptive retransmission.
It should be noted that Option 2 implies that all CCs are updated at the same time. However, it is possible that two CCs have different update rates. For DCI Format 3A this could be a problem because the TPC commands are {+1, -1}. One solution is to group CCs according to the update rates [2]. Therefore a UE is configured with a TPC-PUSCH-RNTI for each group consisting of CCs with the same update rate. 
A different solution would be to only use DCI Format 3 (with TPC commands {-1, 0, 1, 3}) for a UE that is configured for cross-CC scheduling. Then a TPC command of zero can be sent for a tpc-Index, which corresponds to a CC that does not require a power control update. Since fewer UEs can be grouped with DCI Format 3, this solution trades off increased RNTI usage with signaling capacity (number of UEs that can be grouped with one RNTI). Our preference is that TPC commands for different CCs should be signaled with different TPC indexes in DCI Format 3/3A. 

3. Conclusion

The CIF is UE-specific. Therefore, to preserve backward compatibility with Rel-8/9 UEs
· TPC commands for different CCs should be signaled with different TPC indexes in DCI Format 3/3A.
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