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1 Introduction 
In this contribution, we discuss remaining issues on selection of PUSCH when UCI is multiplexed with PUSCH. 

2 Discussion
2.1 CC selection for UCI transmission

UCI piggy-backing on PUSCH is supported for CA. In RAN1 #61bis, CC selection when UCI is multiplexed with PUSCH was discussed. It was agreed that
· If the UE has PUSCH on PCC, UCI on PUSCH is carried on PCC, except for the cases of aperiodic CSI, SPS, non-adaptive retransmissions and small PUSCH payload sizes which are FFS. 

· In case of transmissions on one or multiple PUSCHs and no PUSCH transmission on PCC, any UCI on PUSCH is carried on one PUSCH on SCC

Aperiodic CSI
Aperiodic CSI may have a large payload size relative to the PUSCH traffic. The scheduler needs to take into account the large UCI overhead in determining the MCS and the PRB size of the PUSCH transmission with UCI multiplexing. This can be handled by dynamic scheduler through eNB implementation. Therefore it is feasible for the aperiodic CSI reporting to be always on the PCC.
According to our proposals in [3], it may be possible for one UL grant to trigger aperiodic CSI corresponding to more than one DL CC. If the UE receives an UL grant for the PCC, this should be the UL grant that contains the aperiodic CSI request. If the UE does not receive an UL grant for the PCC, the aperiodic CSI should be returned on the UL CC for which the grant is given. Further, in order to respect the decision to keep all the PUSCH UCIs on one PUSCH, any other UCI should be sent on the same UL CC in this case. 
SPS or small PUSCH payload sizes
SPS can only be configured on the PCC, according to RAN2 agreement. The possibilities for the choice of PUSCH CC for the UCI in this case include:

· mapping the UCI nonetheless to the PCC, in which case some possible mechanisms include:

· setting the MCS and PRB allocation of SPS taking into account the payload increase due to UCI multiplexing, or

· adapting the PRB allocation automatically according to a specified rule if UCI were included (this would be complex for the scheduler to track), or

· using a dynamic scheduling grant to over-ride the PRB and the MCS when UCI multiplexing occurs. 
· mapping the UCI to a different CC if the UE has a PUSCH grant on another CC. 

The most straightforward approaches are to set the SPS allocation taking into account the payload increase due to UCI (e.g. in the case of A/N UCI), and using a dynamic grant to over-ride the SPS allocation in a subframe when a larger payload of UCI has to be transmitted (e.g. in the case of CSI UCI). These are implementation based solutions available from Rel-8 SPS specification, and the same approach can be reused for CA.
Non-adaptive retransmission

For non-adaptive retransmissions, the MCS and the PRB allocation of the retransmission stays the same as the first scheduled transmission. If the impact of the UCI on the PUSCH retransmission is considered to be too great, the MCS and the PRB allocation of the retransmission can be scheduled dynamically when UCI is multiplexed during a retransmission. An alternative approach is to allocate the MCS and the PRB of the first transmission taking into account the UCI piggy-backing during retransmission. 
Proposal 1: If the UE has PUSCH on PCC, UCI on PUSCH is always carried on PCC. This includes cases of UCI multiplexing with PUSCH for aperiodic CSI, SPS, non-adaptive retransmissions and small PUSCH payload sizes. Implementation based solutions may be used to ensure that suitable MCS and resources  are assigned.

Proposal 2: If the UE does not have PUSCH on PCC, UCI for aperiodic CSI is sent on the UL CC that has the grant containing the CSI request. Any other UCI is sent on the same UL CC. 
2.2 Remaining case of PUSCH selection

The only remaining question is which PUSCH should carry the A/N UCI if the UE has no request for aperiodic CSI and no UL grant for the PCC, but the UE does have more than one UL grant for SCCs. In this case we propose to follow a simple rule, such as carrying the UCI on the PUSCH with the largest grant. This is robust even in the case when the UE misses the largest one of the UL grants in a subframe, because the eNB can typically detect the missing PUSCH transmission and deduce that the UCI is therefore mapped in the next largest PUSCH. 
Proposal 3: If the UE has no request for aperiodic CSI and no UL grant for the PCC, but the UE does have more than one UL grant for SCCs, any A/N UCI shall be mapped to the PUSCH with the largest grant. 

2.3 Concurrent transmission of PUCCH and PUSCH with UCI
Regarding concurrent transmission of PUCCH and PUSCH with UCI, the following agreements were made in RAN1 #61bis:
· 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

It remains FFS 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. 
Based on current agreements, simultaneous transmission of PUCCH and PUSCH with UCI in one carrier is possible. One example is ACK/NAK transmission on PUCCH and aperiodic CSI configured on PUSCH. However, if aperiodic CSI is configured, there is no performance advantage for transmitting ACK/NAK on PUCCH and CSI on PUSCH due to CM increase, compared with the scheme for transmitting all UCIs on one PUSCH. Furthermore, prioritization between the PUCCH and the PUSCH with UCI would need to be considered for power scaling in case of power limitation, as explained in [2]. 

Proposal 4: Concurrent transmission of PUCCH and PUSCH with UCI is not allowed in Rel-10.

3 Conclusions
In this contribution, we discussed remaining issues on selection of PUSCH when UCI is multiplexed with PUSCH. We make the following recommendations:
Proposal 1: If the UE has PUSCH on PCC, UCI on PUSCH is always carried on PCC. This includes cases of UCI multiplexing with PUSCH for aperiodic CSI, SPS, non-adaptive retransmissions and small PUSCH payload sizes. Implementation based solutions may be used to ensure that suitable MCS and resources are assigned.
Proposal 2: If the UE does not have PUSCH on PCC, UCI for aperiodic CSI is sent on the UL CC that has the grant containing the CSI request. Any other UCI is sent on the same UL CC.
Proposal 3: If the UE has no request for aperiodic CSI and no UL grant for the PCC, but the UE does have more than one UL grant for SCCs, any A/N UCI shall be mapped to the PUSCH with the largest grant. 

Proposal 4: Concurrent transmission of PUCCH and PUSCH with UCI is not allowed in Rel-10.
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