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1 Introduction

This paper discusses further aspects for UCI on PUSCH, following agreements from RAN1#61bis [1] and RAN1#62bis [3].
2 Discussion

At RAN1#61bis and RAN1#62bis, a number of agreements were made related to the transmission of UCI on PUSCH (see Annex). The UCI mapping needs to be defined for the following remaining cases.

1) 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. 
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. Therefore, no special behavior needs to be defined for these cases.
2) 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, it was already agreed that the UCI (A/N only or periodic CSI only) could be always transmitted on UL PCC using PUCCH if simultaneous transmission of PUCCH and PUSCH is configured. 
If simultaneous transmission of PUCCH and PUSCH is not configured, 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. 

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. Therefore, no special behavior needs to be defined for these cases.
3) Simultaneous A/N and periodic CSI

UCI transmission on PUCCH should be the same, irrespective of whether there is PUSCH transmitted or not. Furthermore, one needs to consider the setting of the Rel-8 parameter that controls the simultaneous transmission of A/N and CQI, as well as the behaviour of simultaneous A/N + CQI/PMI/RI transmission for the case without CA. 

In case periodic CSI collides with ACK/NACK there are three solutions for this defined in Rel-8:

· The first one is periodic CSI is dropped and only the ACK/NACK is transmitted on PUCCH. 

· The second solution is that the eNB would schedule a PUSCH transmission in the subframe where the collision would occur. On the scheduled PUSCH transmission the ACK/NACK would be transmitted together with multiplexed CSI feedback. For Rel-10 it is currently unclear exactly how the multiplexing on PUSCH of ACK/NACK and CSI will look like when PUSCH+PUCCH is not used and how the PUCCH+PUSCH solution will be. Both solutions should however be designed with this aspect in mind. 

· The third solution would be that periodic CSI and ACK/NACK are transmitted together on PUCCH. For Rel-10 this would be possible only in case PUCCH format 1a/1b is used for the ACK/NACK without channel selection. If multiplexing of ACK/NACK with periodic CSI feedback should also be supported in case channel selection and PUCCH format 3 is used, additional standardization work is needed to find a suitable solution. 

The first two solutions are already defined in the standard, and the last solution has Rel-8/Rel-9 FGI bits associated to it, i.e. it is unclear when IoT will be possible for that feature. It is therefore sufficient in Rel-10 to define that periodic CSI are always dropped if they collide with CA ACK/NACK, in addition to the possibility to schedule a UE on PUSCH in case of a collision. The system impact of dropped periodic CSI reports should be very limited, as the network can request an aperiodic CSI report from the UE if a fresh CSI report is deemed to be needed. 
If CA is not configured and the UE is configured with simultaneous transmission of PUCCH and PUSCH, PUCCH format 2a/2b should be used, i.e. A/N and CQI are transmitted on PUCCH as for Rel-8/9. 
In short, the behaviour can be summarized as follows:

- If Simultaneous-AN-and-CQI = True



- In case of CA, drop periodic CSI



- In case of no CA, use PUCCH format 2a/2b


- If Simultaneous-AN-and-CQI = False



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

· No special behavior is needs to be defined for the cases of non-adaptive retransmissions, SPS transmission or small PUSCH payloads.
· If no aperiodic CSI reports are triggered for any CC
· 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

· In cases where A/N and periodic CSI occur simultaneously, 
· If the network has configured simultaneous transmission of PUCCH and PUSCH and simultaneous transmission of A/N and CQI:

· The periodic CSI is dropped if CA is configured
· PUCCH format 2a/2b is used if CA is not configured (same as Rel-8).
· If the network has configured simultaneous transmission of PUCCH and PUSCH and but not simultaneous transmission of A/N and CQI:

· The periodic CSI is dropped.
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Annex 

Agreements from RAN1#61bis: 

· 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
Agreements from RAN1#62bis:

· At least for the case of a single aperiodic CSI trigger in a subframe:

· When aperiodic CSI is triggered by an UL grant ,the UCI mapped on PUSCH shall be carried on a single UL CC indicated by the UL grant containing the aperiodic CSI trigger.

· Enabling simultaneous PUCCH and PUSCH transmissions is UE-specific and configured by higher layer signalling

· When simultaneous PUCCH and PUSCH is configured and there is at least one PUSCH transmission:

· ACK alone (possibly multiple bits)

· ACK is transmitted on PUCCH, and data on PUSCH (no UCI)

· Periodic CQI/PMI/RI alone

· Periodic CQI/PMI/RI is transmitted on PUCCH and data on PUSCH (no UCI)

