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1 Introduction

In RAN1#62bis, following the discussion in RAN1#61bis, two alternatives were suggested for the UE to select the PUSCH for UCI multiplexing in case of multiple PUSCH when a PUSCH transmission in the Pcell does not exist or when it is used for a non-adaptive retransmission, or for SPS, or to convey a “small” payload:

a) Based on predefined ordering of CCs (but avoiding PUSCHs which also suffer from the above special cases)

b) Derived from PUSCH transmission format

Basically, when a UE has a PDCCH-scheduled PUSCH transmission in the Pcell that PUSCH transmission can carry the UCI; otherwise, one of the above two alternatives needs to be selected. 

This contribution examines the properties and functionalities of the above two alternatives. Aspects for simultaneous PUCCH and PUSCH transmissions or for triggering aperiodic CSI are separately discussed (e.g. [1, 2]). Also, the case of aperiodic CSI does not need to be differentiated. For a single aperiodic CSI request, as the Rel.8 operation is simply parallelized and the aperiodic CSI is transmitted in the PUSCH scheduled by the PDCCH with the aperiodic CSI request and as all UCI is transmitted in one PUSCH, it follows immediately that all UCI is carried in the PUSCH with the aperiodic CSI. If there are multiple aperiodic CSI requests, the PUSCH selection process is the same as in the case of no “CQI Request” but limited to the PUSCH scheduled by PDCCH indicating “CQI Request”. Therefore, the case of aperiodic CSI is not further discussed. 

2 PUSCH Selection for UCI Multiplexing
2.1 Alternative 1
The reliance of the first alternative on a predefined ordering of CCs is arbitrary as the RRC configuration cannot capture the evolving short-term channel and interference characteristics (even if the long-term SINR among CCs is different which is not typically the case) and frequent RRC re-configurations to order CCs should be avoided due to error cases associated with the time uncertainty of the re-configuration. Additionally, the first alternative needs to rely on PDCCH re-configuring the PUSCH so that it becomes more appropriate for UCI multiplexing without significantly degrading the data QoS or not being able to offer the required PUSCH resources to achieve the desired UCI reception reliability. 

Therefore, SPS transmissions in the Pcell need to be overwritten by PDCCH, non-adaptive retransmissions may need to be re-adjusted, and PUSCH transmissions with “small” PRB allocations need to be allocated more PRBs in order to ensure adequate resources for large UCI payloads which can reach 20 bits for HARQ-ACK and increase substantially in size for aperiodic/periodic CSI particularly for TDD. Aside from frequently consuming PDCCH resources and unnecessarily increasing PDCCH overhead, even more critical problems of the first alternative are:

a) A non-spectrally efficient PUSCH may still be selected according to the arbitrary ordering of CCs.

a. The UCI overhead can be substantial and the UCI reception reliability cannot be ensured (e.g. [5]) unless a PUSCH with low spectral efficiency is assigned very large PRB allocations - this is detrimental to the overall spectral efficiency as these PRBs are not required for data transmission and their utilization by other UEs would be preferable. 

b) The PDCCH performing the PUSCH re-configuration may be missed by the UE.  
a. Typically, the PDCCH miss probability is 1-2 orders of magnitude larger than the required NACK-to-ACK error rate.

b. It is well understood and agreed that the PUSCH selection for UCI multiplexing cannot rely on PDCCH; otherwise, including 1 bit for such indication in the PDCCH would have been the simplest approach allowing the NodeB to choose the PUSCH for UCI multiplexing. 
c) UCI multiplexing in PUSCH should minimize the impact on data reliability. Note that it is a RAN2 agreement that UL CA provides only resource (data rate) extension and QoS on multiple UL CCs is not differentiated. Therefore, the PUSCH QoS jitter due to UCI multiplexing should be minimized (this RAN2 agreement has already been followed for PUSCH power scaling in case the maximum transmission power is reached). 
The previous analysis for the impact of UCI multiplexing on the data BLER is now evaluated through some exemplary setups which do not assume CQI or SRS multiplexing (which will further increase the data BLER degradation). Although the required PUSCH resources for multiple HARQ-ACK bits or multiple RI bits have not yet been determined, this is bypassed by assuming only 2 REs/Symbol per HARQ-ACK bit or RI bit for a total of 24 REs/Symbol (over the 4 symbols next to the DM RS – for 10 HARQ-ACK bits and 2 RI bits). Nevertheless, the exact number of REs is not important as CQI and/or SRS multiplexing is not considered, and larger HARQ-ACK payloads can exist in TDD systems. Figure 1 shows the impact from UCI multiplexing on the data BLER as a function of the number of PUSCH PRBs for two MCS cases (the number of punctured REs remained the same in both cases although this will not be the case in practice). Real channel and variance estimation were considered. It is observed that for PUSCH allocations of 2 PRBs and even 4 PRBs, error floors begin to appear at BLERs around 10%-1% (error floors near the BLER operating point should be avoided in order to provide implementation margins).  
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Figure 1: Indicative impact on data BLER from HARQ-ACK/RI multiplexing.
2.2 Alternative 2
With the second alternative, the PUSCH selection for UCI multiplexing is based on the PUSCH characteristics. This is similar to the agreed design for the codeword (CW) selection for CSI multiplexing in case of SU-MIMO. Viewing different CWs as different PUSCH transmissions, the CW with the highest MCS was selected in order to minimize the CSI overhead. No predetermined ordering of CWs or reliance on PDCCH indicating the CW was even considered.

There are two main differences between selecting the PUSCH for UCI multiplexing and selecting the CW for CSI multiplexing in PUSCH with SU-MIMO. The first is that the different PUSCH may have different PRB allocation sizes and the second is that the different PUSCH may or may not have SU-MIMO transmissions. Following the same principle as for the CW selection for CSI multiplexing with SU-MIMO PUSCH, two PUSCH selection methods for UCI multiplexing are subsequently considered. The first minimizes the UCI overhead. This is similar to selecting the highest MCS but the possibility of SU-MIMO is also accounted for. The second expands on the first one and further considers the possibility that different PUSCH may have different PRB allocations (not possible for the two CWs with SU-MIMO). This is considered to ensure that the impact on data QoS from UCI multiplexing is minimized and always ensure the desired UCI reception reliability. 
Selection of the PUSCH Transmission Minimizing Absolute UCI Overhead
Referring, for simplicity, only to the HARQ-ACK/RI formula used for SIMO and considering a UE having 
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 HARQ-ACK or RI bits, the PUSCH for UCI transmission is determined as [4]
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The same principle can be extended for SU-MIMO operation. 

The case that the UE misses the PDCCH (if applicable) scheduling the PUSCH that would otherwise have been selected by the UE for UCI multiplexing is not of particular significance as the NodeB knows which the next PUSCH candidate for UCI multiplexing. In case the UCI resources are minimized for multiple PUSCH and one of them is in the Pcell, the PUSCH in the Pcell can be selected. Otherwise, the PUSCH in the Scell with the smaller index can be selected or some other predetermined rule may apply.
Selection of the PUSCH Transmission Minimizing Relative UCI Overhead

As UCI transmission in the PUSCH represents overhead and affects data QoS, the PUSCH selection for UCI multiplexing can be based on the relative amount of data REs replaced by UCI REs. If the UE has 
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 PUSCH transmissions in a given sub-frame, the UE can select for UCI multiplexing the PUSCH minimizing the ratio 
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Therefore, the UE selects for UCI transmission the PUSCH 
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. This also practically ensures that enough PUSCH resources are available for UCI multiplexing and the UCI (HARQ-ACK/RI) reliability is not affected if the number of required resources exceeds the maximum one allowed. 
3 Conclusions

This contribution considered the PUSCH selection for UCI multiplexing when a UE does not have a PDCCH-scheduled PUSCH transmission in the Pcell and proposes the following:

Proposal: The UE selects for UCI multiplexing the PUSCH minimizing the absolute or the relative UCI overhead.
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