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1 Introduction

This paper discusses further aspects for UCI on PUSCH, following agreements from RAN1#61bis [1].
2 Discussion

At RAN1#61bis, a number of agreements were made related to the transmission of UCI on PUSCH: 

· 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 onto PUSCH in same or different CCs needs to be discussed
There are three cases in which the UCI mapping needs to be defined.

1) No PUSCH on any CC

If no PUSCH is transmitted on any CC, it has been already agreed that the UCI is transmitted on the PUCCH and mapped to the UL PCC. 

2) PUSCH on UL PCC

If PUSCH is transmitted on the UL PCC, it has been already agreed that the UCI on PUSCH  (A/N, periodic CSI) is transmitted on PUSCH on the UL PCC. Similarly, aperiodic CSI reports should also be transmitted on PUSCH on the UL PCC. If simultaneous transmission of PUCCH and PUSCH is configured by the network, UCI (A/N, periodic CSI) should be transmitted on PUCCH.

In case of non-adaptive retransmission on the UL PCC, the eNB can schedule an adaptive retransmission on the UL PCC. In case of SPS transmissions or in case of small PUSCH payloads on the UL PCC, PUSCH resources can be allocated by the eNB through an UL grant so that there is enough room for UCI on PUSCH on the UL PCC.

3) PUSCH on any of the UL CC, but not on the UL PCC

If PUSCH is transmitted on any UL CC but not on the UL PCC, the UCI (A/N, periodic CSI) could be always transmitted on UL PCC using PUCCH. Alternatively, the UCI (A/N, periodic CSI) could be mapped onto PUSCH on a certain UL SCC according to some defined rules, e.g. the UL SCC with the widest bandwidth that transmits PUSCH. 

Transmitting PUCCH on the PCC and PUSCH on an SCC leads to increased CM with a corresponding power back-off in the UE. From that perspective, it might be beneficial to transmit A/N onto the PUSCH on a UL SCC based on some rule. However, to avoid issues when the UE misses an UL grant, and to avoid dependencies in the receiver processing of different UL CCs, it might be beneficial to transmit UCI on PUCCH always. As both approaches have their benefits and drawbacks, it should be possible for the network to configure whether to transmit the UCI on the PUCCH always or on a PUSCH SCC. This could e.g. be determined from whether or not the network configures simultaneous transmission of PUCCH and PUSCH. 

In case of non-adaptive retransmission on the UL SCC, the eNB can schedule an adaptive retransmission on the respective UL SCC. In case of small PUSCH payloads on the UL SCC, PUSCH resources can be allocated by the eNB through an UL grant so that there is enough room for UCI on PUSCH on the respective UL SCC. 
Aperiodic CSI reports can be carried on PUSCH on the UL CC indicated in the UL grant.

3 Conclusion
This contribution discusses how to transmit different types of UCI on PUSCH, and proposes:

· If PUSCH is transmitted on the UL PCC
· UCI on PUSCH (A/N, aperiodic or periodic CSI) can be transmitted on PUSCH on the UL PCC. If the network has configured simultaneous transmission of PUCCH and PUSCH, UCI (A/N, periodic CSI) is transmitted on PUCCH.
· In case of non-adaptive retransmissions, SPS transmission or small PUSCH payloads the network can use existing mechanisms to allocate sufficient resources for transmission of UCI on PUSCH on the UL PCC.

· If PUSCH is transmitted on any UL SCC, but not on the UL PCC

· UCI on PUSCH (A/N, periodic CSI) can be transmitted on PUSCH on an UL SCC, which is determined by some rule. If the network has configured simultaneous transmission of PUCCH and PUSCH, UCI (A/N, periodic CSI) is transmitted on PUCCH.

· In case of non-adaptive retransmissions or small PUSCH payloads the network can use existing mechanisms to allocate sufficient resources for transmission of UCI on PUSCH on the respective UL SCC, if the UE is configured to transmit UCI on a PUSCH SCC.

· Aperiodic CSI reports can be carried on PUSCH on the UL SCC indicated in the UL grant.
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