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Introduction
In last RAN1 #101b e-meeting, the following was agreed:

Agreements:
In case of PUCCH overlapping with PUSCH with repetition Type B,
· Option A: Multiplexing timeline conditions in Clause 9.2.5 of TS 38.213 shall be satisfied for all the overlapping actual repetitions. Otherwise it is considered as an error case.

Agreements: 
In case PUCCH overlaps with multiple repetitions of PUSCH repetition Type B that satisfy the multiplexing timeline conditions, UCI is multiplexed on only one actual repetition (including the case where a PUCCH overlaps with a PUSCH with repetition Type B in multiple slots). To determine which actual repetition, down-select from the following 3 options:
· Option 1: the first overlapping actual repetition in the first overlapping slot that satisfies the multiplexing timeline


In this paper, some remaining issues on UCI multiplexing on PUSCH enhancement are discussed. 

UCI multiplexing on PUSCH
Based on the agreements in RAN 1 #101b e-meeting, UCI is multiplexed on only the first actual repetition that satisfies the multiplexing timeline. In addition, when L >1, single symbol actual repetition is omitted and it is not supported to multiplex UCI on PUSCH with 1 symbol. Therefore, an actual repetition of a single symbol is not considered for UCI multiplexing. Therefore, the current agreement can be updated as proposal #1 marked in red:
Proposal #1: An actual repetition of a single symbol in case of L>1 is not considered for UCI multiplexing.
In Rel-15, the UCI resources depend on the available REs for UCI in PUSCH and the code rate for UCI, which related to code rate of the PUSCH. As an example, the number of coded modulation symbols per layer for HARQ-ACK transmission is calculated as (Section 6.3.2.4.1.1 in TS 38.212)
[image: ],
where[image: ] denotes the available RE number of the current PUSCH for UCI multiplexing, and [image: ] denotes the TBS of the PUSCH. This means that, the first term is based on the code rate of PUSCH times , where  for HAQR-ACK, and  for UCI. It can be observed that, the resource used for HARQ-ACK can be much higher than the one for UCI, that is the code rate of HARQ-ACK can be much lower than UCI. The second term means the amount of REs can be used for UCI. On the other hand, the second term is used to be able to keep the performance of PUSCH. The scaling factor  can be configured to one of {0.5, 0.65, 0.8, 1}. If the scaling factor is configured 0.5, this means that at least half of resource of one repetition of PUSCH is reserved for PUSCH transmission, and = 1 means almost all the available REs of one PUSCH repetition can be used for UCI transmission. 
[bookmark: _Hlk40086538]In Rel-15, the slot aggregation is configured by RRC, so the gNB can configure a proper set of beta offset values. Rel-16 supports dynamic indication in DCI format for the number of PUSCH repetitions for both Type A and Type B PUSCH repetition. That is, the dynamic range of PUSCH effective code rate can be much larger. For a given target BLER for a TB, the spectral efficiency of each repetition depends on the total number of repetitions but, as UCI is multiplexed only in one repetition, the UCI spectral efficiency should be independent of the number of repetitions (for a corresponding target BLER for UCI). If  is also indicated by the DCI format, the gNB can adjust the value of  according to the number of PUSCH repetitions. This is not possible when  is provided only by RRC. Then, in order to be able to use a proper code rate of UCI and ensure UCI reliability, a scaling needs to apply to , i.e., = , where  is the nominal PUSCH repetition indicated in DCI assuming that  is provided with respect to a single repetition. This scaling also overcomes the potential coverage shortage when a PUCCH overlaps with PUSCH repetitions in multiple slots. In Rel-15, coverage is not a problem as multiple UCI copies are multiplexed  in the overlapped slots. However, in Rel-16 only one actual repetition is used. 
Proposal #2: Scale the  value provided by RRC by the PUSCH repetition number k as =  for the RE number calculation of UCI multiplexing on PUSCH for both Type B and Rel-16 Type A repetition with dynamic indication of the repetition number in the DCI format.  
For Type B PUSCH repetition, one nominal repetition may segment into multiple actual repetition by slot boundary or invalid symbols. For URLLC traffic, in order to reduce the frame alignment delay, S+L >14 is supported, which will result in segmentation of first nominal repetition, especially at the later part of a slot. Therefore, without gNB scheduling restriction, if REs of a nominal repetition are used to calculate the REs for UCI multiplexing, the number of REs for UCI multiplexing can be larger than the total number of RE in the first actual repetition. 
Some solutions in [1] propose to ensure that the calculated resource is no larger than the resource in the actual repetition for UCI multiplexing. However, UCI reliability is important, at least for HARQ-ACK or at least when there is no CRC protection. Therefore, if the resources in an actual repetition are not sufficient for UCI multiplexing, using less resources or restricting UCI multiplexing to the available resource in the actual repetition is detrimental to the system. Therefore, a gNB should ensure that the available resources  for UCI multiplexing are sufficient assuming a nominal PUSCH repetition. 
[bookmark: _Hlk33403286]Proposal #3: For Type B PUSCH repetition, the calculation of the number of REs for UCI multiplexing is based on the nominal repetition, i.e., using the same number of REs as in TBS determination. A UE does not expect that the number of REs for UCI multiplexing is more than the number of available REs in the actual repetition on which the UCI is multiplexed.
A-CSI UCI multiplexing on PUSCH
For A-CSI and SP-CSI on PUSCH with repetition Type B without UL-SCH, how to handle the case that repetition k is larger than 1 or the case of one nominal repetition with segmentation, is pending. However, considering that each actual repetition may have different number of symbols, different rate matching for Polar code can result if UCI multiplexing is across repetitions. The performance for Polar code while combining repetitions with different rate matching has not been evaluated and this will also increase complexity of Polar decoding. Therefore, we propose to only transmit one actual repetition and discard others (if any) for A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH. 
Proposal 4: For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH, A-CSI/SP-CSI is multiplexed on the first actual repetition, and other actual repetitions are discarded. 
Several approaches were proposed for the case that A-CSI is multiplexed on PUSCH with repetition Type B with UL-SCH. Similar to A-CSI without UL-SCH and UCI multiplexing on PUSCH, A-CSI should be multiplexed on only one actual repetition of PUSCH. Considering the potential different understanding on TA between UE and gNB, the actual repetition with A-CSI should be fixed. The last actual repetition was proposed to relax the scheduling constrain of A-CSI with A-CSI-RS, for which case, it is preferable that the scheduled PUSCH is not earlier than the CSI computation timeline. However, fixing the A-CSI multiplexing to be on the last PUSCH actual repetition may delay the A-CSI report in some cases, for example, when the channel condition is poor and a PUSCH transmissions requires more repetitions (i.e. longer transmission time), or for UEs with PUSCH time capability 1. In addition, A-CSI report can be based on SP-CSI-RS or P-CSI-RS, which can be received before the PDCCH scheduling the PUSCH transmission with the A-CSI. On the other hand, this is not an error case. In this case, a UE may ignore the scheduling DCI if the number of triggered reports is one and no HARQ-ACK or transport block is multiplexed on the PUSCH, otherwise, the UE is not required to update the CSI for the n-th triggered CSI report. Therefore, there is no problem if A-CSI is transmitted on the first actual repetition, same as for the other cases of UCI multiplexing on PUSCH, and this can also avoid unnecessary latency for a CSI report in some cases. 
Proposal 5: For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is multiplexed on the first actual repetition.
Conclusion
This paper discussed on UCI multiplexing on PUSCH. The following proposals were proposed:
Proposal #1: An actual repetition of a single symbol in case of L>1 is not considered for UCI multiplexing.
Proposal #2: Scale the  value provided by RRC by the PUSCH repetition number k as =  for the RE number calculation of UCI multiplexing on PUSCH for both Type B and Rel-16 Type A repetition with dynamic indication of the repetition number in the DCI format.  
Proposal #3: For Type B PUSCH repetition, the calculation of the number of REs for UCI multiplexing is based on the nominal repetition, i.e., using the same number of REs as in TBS determination. A UE does not expect that the number of REs for UCI multiplexing is more than the number of available REs in the actual repetition on which the UCI is multiplexed.
Proposal 4: For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH, A-CSI/SP-CSI is multiplexed on the first actual repetition, and other actual repetitions are discarded. 
[bookmark: _GoBack]Proposal 5: For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is multiplexed on the first actual repetition.
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