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1. Introduction

In RAN1 #61bis, the following conclusions were made for UCI on PUSCH in LTE-A:
· PUCCH + PUSCH on same and different CCs supported as part of CA WI
· Single UE capability assumed (inter and intra CC) and single configuration from network side unless concerns are raised by RAN4
· Control piggy-backing on PUSCH (UCI on PUSCH) supported for CA and non-CA operation
· The choice of PUSCH in the following cases are FFS:
· aperiodic CSI
· SPS
· non-adaptive retransmissions
· small PUSCH payloads
· In all other cases, if the UE has a PUSCH transmission on PCC, then any UCI on PUSCH is carried on PCC.
· In case of transmissions on one or multiple PUSCHs and no PUSCH transmission on PCC:
· Then any UCI on PUSCH is carried on one PUSCH on SCC
· If simultaneous PUCCH + PUSCH is not configured and there is at least one PUSCH transmission, all UCI shall be piggybacked on a PUSCH
· If simultaneous PUCCH+PUSCH is configured and there is at least one PUSCH transmission
· UCI can be transmitted on either PUCCH or PUSCH with a dependency on the situation that needs to be further discussed
· All UCI mapped onto PUSCH in a given subframe gets mapped onto a single CC irrespective of the number of PUSCH CCs
· Whether part of UCI gets mapped onto PUCCH and part of UCI gets mapped on to PUSCH in same or different CCs needs to be discussed
In this document, we share our views on the remaining issues of UCI on PUSCH in LTE-A with carrier aggregation.
2. Discussions
It has been agreed in RAN1#61 that UCI mapped on PUSCH can only be carried on one carrier in a sub-frame for a UE. Thus, in case PUSCH transmissions are scheduled on multiple UL CCs in a given sub-frame, UE shall determine one of scheduled PUSCH CCs to carry UCI. 
· Case 1: There is PUSCH transmission on UL PCC

Given that it is likely UL PCC has better channel condition and is scheduled with higher probability than UL SCCs, our preference is that UE shall always transmit UCI on the PUSCH on the UL PCC, and no special treatment is needed for SPS, non-adaptive retransmission, or small PUSCH allocation. It is further noted that adaptive transmission/retransmission with UL grant can be applied to adjust the PUSCH resource allocation and/or MCS if needed, inherent from the Rel-8 design. 
· Case 2: There is no PUSCH transmission on UL PCC

When PUSCH is scheduled only on UL SCC(s) in a sub-frame, UE shall select one of UL SCCs with PUSCH transmissions to carry UCI. Generally, the following PUSCH SCC selection criteria are possible:
· Option 1: Select the UL SCC with the widest PUSCH transmission bandwidth [1, 2]
· Option 2: Select the UL SCC with the minimum absolute UCI overhead on PUSCH, i.e., with the smallest required UCI REs on PUSCH [3]
· Option 3: Select the UL SCC with the minimum relative UCI overhead on PUSCH, i.e., with the smallest ratio of UCI REs on PUSCH and data PUSCH REs [3]
· Option 4: Select the UL SCC based on pre-defined CC indices , e.g. the lowest index CC [4, 5]
· Option 5: Select the UL SCC based on pre-defined UL CC priorities [6] or orders [5, 7]
Considering that it is agreed that PUSCH with UCI shall not be power scaled in power limited condition, option 1 with UCI on the widest PUSCH transmission bandwidth leads to higher percentage of transmit power on the UCI PUSCH SCC, which consequently further limits the transmit power on other PUSCH SCC(s) due to power scaling. Option 2 and option 3 have high implementation complexity at both eNB and UE, hence not preferable. Option 4 and option 5 are simply, both from specification and implementation perspective. Option 5 allows more flexible UL SCC selection based on channel/interference condition than option 4. Thus, our preference is to select the UL SCC based on a pre-defined UL CC priority list. Furthermore, no special treatment by specification is required for SPS, non-adaptive retransmission, or small PUSCH allocation. 
For simplicity, aperiodic CSI shall be transmitted on UL PCC if UL PCC has PUSCH transmission; otherwise aperiodic CSI shall be transmitted on the UL PUSCH SCC with the highest priority. Details of CSI transmission can be found in [8]. In case simultaneous transmission of PUCCH and PUSCH is configured/supported, it is possible to transmit part of UCI on PUSCH and part of UCI on PUCCH. Details of UCI transmission on PUSCH with/without simultaneous transmission of PUCCH and PUSCH can be found in [9].
Based on the above discussions, we have the following proposals:
Proposal 1: For all cases, if UL PCC has PUSCH transmission, any UCI mapped on PUSCH shall be carried on PCC.
Proposal 2: For all cases, if UL PCC has no PUSCH transmission, any UCI mapped on PUSCH shall be carried on a single UL SCC, according to a pre-defined UL CC priority list.
3. Conclusions

In this contribution, we discuss the UL CC selection for UCI on PUSCH, with the following proposals:
Proposal 1: For all cases, if UL PCC has PUSCH transmission, any UCI mapped on PUSCH shall be carried on PCC.
Proposal 2: For all cases, if UL PCC has no PUSCH transmission, any UCI mapped on PUSCH shall be carried on a single UL SCC, according to a pre-defined UL CC priority list.
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