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1 Introduction

In RAN1#60bis it was decided that, in case of UL CA, UCI cannot be carried on more than one PUSCH in a given sub-frame. Notable progress was made in RAN1#61bis but several aspects for the PUSCH selection for UCI multiplexing remain FFS. 
In particular, from RAN1#61bis, the following issues are FFS:
a) The choice of PUSCH for:

a. Aperiodic CSI
b. SPS
c. Non-adaptive retransmissions
d. Small PUSCH payloads
b) The choice of the PUSCH when there is no PUSCH transmission in the Pcell. 
The case of aperiodic CSI does not need to be differentiated as the decision to transmit UCI in one PUSCH directly implies that when the UE receives only one “CQI Request” it should transmit the aperiodic CSI in the corresponding PUSCH while when the UE receives multiple “CQI Request”, the PUSCH selection process is the same as in the case of no “CQI Request”. Therefore, the case of aperiodic CSI is not further discussed. 

This contribution examines the remaining FFS aspects for the PUSCH selection for UCI multiplexing. Aspects for simultaneous PUCCH + PUSCH transmissions or for triggering aperiodic CSI are separately discussed (e.g. [1, 2]).
2 PUSCH Selection for UCI Multiplexing

Having an indication by the eNodeB of the PUSCH for UCI multiplexing is susceptible to errors when the respective PDCCH is missed [3] and is not further considered (although a “CQI Request” is effectively an explicit indication from the eNodeB of the PUSCH for UCI multiplexing). Therefore, the focus is on implicit methods for the PUSCH selection.  

The main issue with the PUSCH selection in case the Pcell has an SPS transmission, a non-adaptive retransmission, or a small payload is that with the UCI inclusion in the PUSCH neither the data nor the UCI will be correctly received. It is noted that:

a) Although it is reasonable to expect the Pcell to offer good long-term SINR, this may not always hold for both the DL and the UL. Moreover, the instantaneous SINR may actually be worse than the one in a Scell and depend on the scheduler decisions for UE prioritization (for adaptive transmissions) or simply on the instantaneous channel conditions. At least for intra-band operation in homogeneous networks, the selection of the Pcell is more related to PUCCH load balancing and all cells may have the same long-term SINR but the instantaneous SINR may be better in the Pcell or in any Scell.  

b) UCI inclusion in the 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 inclusion should be minimized (this RAN2 agreement has already been followed for PUSCH power scaling in case the maximum transmission power is reached). 
If the eNodeB has an adaptive PUSCH transmission in the Pcell and the data payload is not “small”, the agreement to prioritize the Pcell tasks the eNodeB with selecting the PUSCH parameters so that the impact on the data reliability is minimized. However, when the PUSCH transmission in the Pcell is for SPS, or for a non-adaptive retransmission, or to convey a small payload, the UCI inclusion in the PUSCH can severely degrade the data QoS and may not even be able to ensure the target UCI reliability. For example, for small PRB allocations, multi-cell CQI (e.g. if collisions occur due to different reporting periods) and/or multi-bit HARQ-ACK inclusion in the PUSCH is highly likely to result to erroneous data reception and even erroneous HARQ-ACK reception if more than the maximum available resources for HARQ-ACK multiplexing are required (e.g. [5]). This problem is further exacerbated if SRS transmissions occur in the same sub-frame or if aperiodic CQI for multiple cells is also included. In case there is no PUSCH transmission in the Pcell and there are PUSCH transmissions in multiple Scells, the choice of the Scell can follow the same principles of minimizing the impact of UCI inclusion in the PUSCH on the data accuracy and of ensuring the target UCI reliability. Note that relying on the PDCCH to configure the appropriate transmission characteristics for PUSCH transmission (and UCI inclusion) in the Pcell (e.g. override an SPS or a non-adaptive retransmission), in addition to not always being possible, it suffers the same susceptibility to PDCCH misses by the UE as the option of explicitly indicating by PDCCH the PUSCH for UCI inclusion which was dropped from further consideration primarily for that same reason. 
The previous analysis for the impact of UCI inclusion on the data BLER is now evaluated through some exemplary setups in case data REs are punctured by HARQ-ACK or RI REs. The following setups do not assume CQI inclusion or SRS transmission (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 inclusion and/or SRS transmission is not considered. Figure 1 shows the impact from UCI inclusion 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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In the following, two PUSCH selection methods for UCI inclusion are considered. The first minimizes the UCI overhead. The second ensures that the impact of UCI inclusion in the PUSCH has the smallest effect on the data reliability while ensuring that enough resources are available for UCI transmission. In general, the PUSCH selection should serve to improve data and UCI reliability instead of being a random one with new RRC signaling, or place unnecessary burden on the eNodeB scheduler, or rely on unnecessary PDCCH/PUSCH overhead (e.g. for SPS overriding). 
Selection of the PUSCH Transmission Minimizing Absolute UCI Overhead
For SIMO and a UE having 
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 PUSCH transmissions in a given sub-frame, the UE selects the PUSCH 
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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 corresponding formula is currently FFS – e.g. [6]). 

The error case occurring when the UE misses the PDCCH scheduling the PUSCH that would otherwise have been selected by the UE for UCI inclusion is not a significant issue as the eNodeB can realize this based on PUSCH DTX detection. Assuming PUSCH DTX detection probability of 1e-2 and PDCCH miss probability of 1e-2, the probability of the overall error event is 1e-4. The probability that the UE misses several PDCCH scheduling PUSCH and the eNodeB fails to detects this is much smaller than 1e-4. Moreover, 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 the data reliability, another rule for the PUSCH selection is the relative amount of data REs that needs to be 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 inclusion the PUSCH minimizing the ratio 
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Therefore, the UE selects for UCI transmission the PUSCH 
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By minimizing the relative UCI overhead in the PUSCH, the penalty of UCI inclusion on the data reliability is also minimized as a smaller number of data REs is lost and the RAN2 decision for minimizing the data QoS jitter is obeyed.
3 Conclusions

This contribution considered the PUSCH selection 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 (threshold for number of PRBs or for data payload needs to be defined) and proposes the following:

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