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1 Introduction

The agreements from RAN1#61bis [1] regarding UCI on PUSCH imply that if simultaneous PUCCH+PUSCH is not configured, it applies to both intra- and inter-CC transmissions. Therefore, all UCI shall be multiplexed into a PUSCH, if there is at least one PUSCH transmission and PUCCH+PUSCH is not configured. How to select the one PUSCH is not fully determined and is further discussed in this contribution. In the case where simultaneous PUCCH+PUSCH is configured, it is an open issue whether UCI should be transmitted on the PUCCH, on the PUSCH, or on both PUCCH and PUSCH, which we also discuss.
As a first general observation, the current agreements may imply that, e.g.,  PUSCH DTX detection is needed to assure that the eNodeB can determine which UL CC that contains the UCI, considering that the UE may miss UL grants. However, it remains to be proven that PUSCH DTX detection is reliable enough. We also believe that parallel and independent eNodeB processing of the UL CCs is becoming more difficult. Hence, even under these agreements, solutions which do not cause any ambiguity between the eNodeB and UE regarding which PUSCH that contains UCI are preferable.   

2 Selection of PUSCH for UCI transmission
From the agreements, the selection of PUSCH in the following cases is FFS:

· Aperiodic CSI

· SPS

· Non-adaptive retransmission

· Small PUSCH payloads

Aperiodic CSI is enabled by explicit signalling fully in control of the eNodeB, hence there does not have to be any ambiguity concerning which PUSCH that should be used for transmitting the aperiodic CSI. Therefore, no solutions including selection among PUSCHs for transmitting the aperiodic CSI should be used. Exactly how the aperiodic CSI report is triggered, what DL CCs’ CSI it contains and in which PUSCH it should be transmitted, is a separate problem irrelevant to this discussion. In this context, it suffices to assume that there will be a triggering method for providing that information to the UE and that the PUSCH is unique. 
Since it has been agreed that UCI can only be transmitted in one PUSCH in a given subframe, it means that if there is a PUSCH which is scheduled to contain aperiodic CSI, that very same PUSCH has to carry any UCI on PUSCH (other than the aperiodic CSI). This PUSCH is selected by the eNodeB and does not have to be on the PCC since that may preclude aperiodic CSI being reported for some CCs [2]. The following proposal applies regardless if PUCCH+PUSCH is configured or not.
Proposal 1: If a PUSCH is triggered for aperiodic CSI transmission, any UCI on PUSCH is transmitted on that PUSCH. 
There are essentially two proposed criteria for PUSCH selection; CC priorities [3]

 REF _Ref266196455 \r \h 
[4]

 REF _Ref266196456 \r \h 
[5]

 REF _Ref266196458 \r \h 
[6] or payload sizes [6]

 REF _Ref266196473 \r \h 
[7]

 REF _Ref266196474 \r \h 
[8]. The motivations for the latter selection rule were for SPS, non-adaptive retransmissions and small PUSCH payloads [1]. However, all these cases already exist for the UCI multiplexing in Rel-8 and are not new as such and can be handled by the eNodeB by scheduling adaptive retransmissions or sufficiently large grants. The only relevance for revisiting this would be if the UCI payloads on PUCCH are substantially larger in Rel-10.  
For carrier aggregation it was agreed as baseline that periodic CSI reports from multiple CCs are facilitated by TDM [1]. Unless there are multiple periodic reports colliding, and assuming PUCCH format 2, the amount of UCI in each reporting instance is the same as in Rel-8. Handling of periodic report collisions is mainly controlled by configuring proper periodicity and time-offsets for the reports. In case collisions do occur, the amount of UCI in each reporting instance can still be the same as in Rel-8 by dropping suitable parts of some CCs’ CSI [10]. It can be noted that if large UCI payloads due to CSI would be an issue, e.g., by multiple periodic reports colliding, the problem of multiplexing UCI into the PUSCH would exist even if only a single PUSCH is scheduled, in which case there can be no selection of PUSCH. Hence, there is no motivation for special rules for SPS, non-adaptive retransmission or small PUSCH payloads when there are multiple PUSCHs to select from, since the eNodeB anyway will be able to manage the situation with one PUSCH.    

In terms of UCI with PUCCH format 2, any new CSI feedback will still be limited to 11 bits, as in Rel-8.  Hence, the CSI payloads due to CSI on PUCCH to be multiplexed into the PUSCH could be similar to Rel-8 and the main impact may come from an increase of ACK/NACK bits. The primary Rel-10 focus, inherited from the ACK/NACK transmission scheme discussions is 2 CCs and the number of ACK/NACK bits may not be excessive, in comparison to the amount of CSI bits. Thus, we do not see any compelling reason why PUSCH selection when including SPS, non-adaptive retransmission or small PUSCH payloads has to be treated differently, considering the case of a single PUSCH may exist.
A priority based solution would leave freedom to the eNB of steering the UCI transmission towards desired CCs. Such priorities may be related to the CC properties rather than the UCI payload, e.g., bandwidth, carrier frequency, HetNet operation etc. How to set or signal priorities would primarily be a RAN2 issue. To achieve the same goal, a UCI payload based solution would have to constrain the scheduler to make sure that sufficiently large enough an allocation is provided for the desired CC to be selected. This may lead to complicated co-ordination for scheduling decisions among CCs and inefficient transmissions. Hence, given the already decided rule that; “In all other cases, if the UE has a PUSCH transmission on PCC, then any UCI on PUSCH is carried on PCC.” [1], we would conclude that the simplest solution is based on higher layer configuration of CC priorities:  

Proposal 2:  If no PUSCH is triggered for aperiodic CSI transmission, PUSCH selection for UCI transmission is based on CC priorities.
· The PCC always has the highest priority.  
3 Simultaneous PUCCH+PUSCH 
With simultaneous PUCCH+PUSCH configuration, the transmission options are:

1. UCI only on PUCCH

2. UCI only on one PUSCH

3. UCI on PUCCH and UCI on one PUSCH

The third option would allow a split of UCI among the PUCCH and PUSCH. This may reduce the amount of UCI collisions on the PUCCH. However, it inherits the problem caused by missing UL grants. For example, suppose a UE is configured for simultaneous ACK/NACK and CSI transmission on the PUCCH and it is also allowed to transmit UCI on the PUSCH, e.g., the CSI. A missed UL grant may then result in that the UE transmits ACK/NACK and CSI on the PUCCH. In this case, the eNodeB may only have expected the PUCCH to contain the ACK/NACKs and it would cause additional processing to determine what information was sent. Thus, option 3 is not preferred and it is suggested that UCI can only be on either the PUCCH or the PUSCH, but never split between them. 
 Proposal 3: UCI is either transmitted on the PUCCH or the PUSCH.
The second option is similar to the case for UCI selection for non-simultaneous PUCCH+PUSCH, which inherits the missing UL grant issue. The first option clearly has no problems related to PUSCH selection and would be the primary preference in terms of reducing needed receiver processing. However, considering that UCI on PUSCH is supported for non-simultaneous PUCCH+PUSCH it could be possible to at least have it as a configurable option. It is also noted that data could still be transmitted on the PUSCH simultaneously with the UCI on the PUCCH.
Proposal 4: It is configurable if UCI is transmitted only on the PUCCH or whether all UCI can be multiplexed into a PUSCH. 
In case the latter is configured, there would be PUSCH selection and it is preferable to reuse the same PUSCH selection rules as for simultaneous PUCCH+PUSCH.

Proposal 4: PUSCH selection for UCI transmission is the same as for non-simultaneous PUCCH+PUSCH configuration.    
4 Conclusions
For both simultaneous and non-simultaneous PUCCH+PUSCH , we find that:
Proposal 1: If a PUSCH is triggered for aperiodic CSI transmission, any UCI on PUSCH is transmitted on that PUSCH. 
Proposal 2:  If no PUSCH is triggered for aperiodic CSI transmission, PUSCH selection for UCI transmission is based on CC priorities.

· The PCC always has the highest priority.  

If simultaneous PUCCH+PUSCH is configured:
Proposal 3: UCI is either transmitted on the PUCCH or the PUSCH.

Proposal 4: It is configurable if UCI is transmitted only on the PUCCH or whether all UCI can be multiplexed into a PUSCH. 
Proposal 5: PUSCH selection for UCI transmission is the same as for non-simultaneous PUCCH+PUSCH configuration.    
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