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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#100bis e-meeting, PUSCH enhancements for URLLC are discussed. Some remaining issues are left for further discussion [1]:
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). 
· Option 1: the first overlapping actual repetition that satisfies the multiplexing timeline

In this contribution, we share our views on remaining issue of PUSCH enhancements for URLLC.
2. Discussion on PUSCH repetitions
2.1 UCI resource determination
About UCI resource determination, the following options are proposed.
	· Option 1a: The calculation is based on the nominal repetition, i.e., using the same number of REs as in TBS determination, with the additional limit of no more than the resources available in the actual repetition.
· Option 1b: The calculation is based on the nominal repetition, i.e., using the same number of REs as in TBS determination. UE does not expect that the number of REs required by UCI is more than the number of available REs in the actual repetition on which the UCI is multiplexed
· Option 3: The first part of the equation is based on the nominal repetition, and the second part of the equation is based on the actual repetition.


For PUSCH repetition Type B, considering the TBS is determined assuming a nominal repetition with the duration of L symbols without segmentation, it is reasonable that UCI resource determination is also based on the nominal repetition. Since gNB knows whether the nominal repetition is segmented or not, it can guarantee the UCI resources not exceed the available resources of the actual PUSCH repetition on which UCI would be multiplexed. From spec and implementation complexity perspective, option 1b is preferred.
For option 1a, a third term is probably required in the formulation to make sure the coded REs for UCI are no more than the available REs in the actual repetition for multiplexing. Additional calculation is needed. In our view, the flexibility offered by option 1a is not necessary, since to ensure the UCI performance, gNB should guarantee the number of REs for UCI multiplexing in actual transmission is sufficient.
For option 3, the UCI performance may not be guaranteed due to the restriction of 2nd term, and additional calculation is required at the UE side.
Proposal 1: Option 1b is preferred, i.e., for determining the number of REs used for UCI multiplexed on an actual PUSCH repetitions for PUSCH repetition Type B, the calculation is based on the nominal repetition. UE does not expect that the number of REs required by UCI is more than the number of available REs in the actual repetition on which the UCI is multiplexed.

2.2 A-CSI on PUSCH with repetitions
In RAN1#100bis e-meeting, A-CSI on PUSCH with repetitions type B is discussed. Some options are listed as following
	For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH
· Proposal 1a(option 1a):
For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH, A-CSI/SP-CSI is transmitted on the first actual repetition, and other actual repetitions are discarded. Down-select among the following:
· Option A: there is no scheduling restriction.
· Option B: UE is not expected to be indicated with numberofrepetitions >1.
· Option C: The first nominal repetition is not expected to be segmented into multiple actual repetitions.
· Proposal 8(option 8): 
For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH, A-CSI/SP-CSI is transmitted on the first actual repetition and other actual repetitions are discarded. UE is not expected to be indicated with numberofrepetitions >1.

For A-CSI on PUSCH with repetition Type B with UL-SCH

· Proposal 2(option 2):
For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is transmitted on the first actual repetition.
· Proposal 7(option 7): 
For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is transmitted on the last actual repetition.
· Proposal 7a(option 7a):
For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is transmitted on the first actual repetition that fulfills the CSI multiplexing timeline.



For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH, we prefer option B, i.e., UE is not expected to be indicated with numberofrepetitions >1.
Compared to the high reliability requirement for data transmission on PUSCH, the motivation to achieve high reliability for PUSCH transmission with number of repetitions > 1 for A-CSI only is not justified. On the other hand, if A-CSI is multiplexed on PUSCH with repetitions, the combining for the A-CSI on multiple PUSCH repetitions should be allowed. However, it is not easy to guarantee the same number of resources of each PUSCH repetition where A-CSI is multiplexed due to other potentially UCI multiplexing or PUSCH repetition segmentation. The UCI multiplexing principle needs improvement for these cases. Therefore, for A-CSI on PUSCH without UL-SCH, the number of repetitions >1 is not suggested.  
Proposal 2: For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH, A-CSI/SP-CSI is transmitted on the first actual repetition, and other actual repetitions are discarded.
· Option B: UE is not expected to be indicated with numberofrepetitions >1.
For A-CSI on PUSCH with repetition Type B with UL-SCH, we prefer option 2, i.e., A-CSI is transmitted on the first actual repetition.
The processing time for A-CSI on PUSCH with UL-SCH is larger than the time of A-CSI on PUSCH without UL-SCH and PUSCH with UL-SCH only. If low latency for the URLLC traffic needs to be guaranteed, it is not reasonable to trigger A-CSI on the PUSCH for URLLC traffic. If latency is not that important, there is no much difference for the A-CSI multiplexed on the first or the last repetitions, since gNB shall guarantee there is sufficient CSI computation time at UE side if A-CSI is triggered on a PUSCH with repetitions. If latency of CSI report does need to be cared, for example, gNB can transmit another DCI to trigger A-CSI report on another PUSCH without repetition such that latency for PUSCH transmission with type B repetitions will not be affected. 
For option 7a, similar as the timeline requirement defined for UCI multiplexing in PUSCH, the timeline shall be satisfied for all repetitions. Besides, if the PUSCH repetition for A-CSI multiplexing is determined by UE based on the timeline, there may be misalignment between gNB and UE due to the TA impact, as discussed in the last meeting. Hence, additional optimization is not necessary in CR phase. 
Proposal 3: For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is transmitted on the first actual repetition.
In Rel-15, A-CSI on PUSCH with repetitions does not be considered. When parameter pusch-AggregationFactor is configured to larger than 1, it is not specified whether A-CSI can be triggered in a UL DCI or not. For Rel-16, whether to support A-CSI multiplexed on PUSCH with repetitions for PUSCH repetition type A is still open.
If specified, a unified solution should be specified for both PUSCH repetition type A and type B. In Rel-16, a nominal PUSCH can be split into multiple actual repetitions. In this case, A-CSI multiplexed on the first actual PUSCH repetition is preferable. Thus, the following proposals are suggested.  
Proposal 4: For PUSCH repetition type A,
· for A-CSI triggered without UL-SCH,
· A-CSI only on PUSCH can be triggered with a PUSCH repetition with the number of repetitions >1, where the number of repetitions is configured by pusch-AggregationFactor. If UE is configured with pusch-AggregationFactor > 1, A-CSI/SP-CSI is transmitted on the first actual repetition, and other actual repetitions are discarded..
· UE does not expect that A-CSI only on PUSCH is triggered with a PUSCH repetition with the number of repetitions >1, where the number of repetitions is indicated by numberofrepetitions in the time-domain resource allocation.
· for A-CSI triggered with UL-SCH,
· When UE is configured with pusch-AggregationFactor>1, A-CSI is multiplexed on the first PUSCH repetitions.
· When UE is indicated by numberofrepetition>1 in time-domain resource allocation, A-CSI is multiplexed on the first PUSCH repetitions. 

2.3 PUSCH is limited to a single transmission layer for PUSCH repetition type B 
In current spec, for PUSCH repetition Type A, in case K>1, the PUSCH is limited to a single transmission layer. However, the number of layer for PUSCH repetition type B is not defined. In our views, the same limit should be applied considering the high reliability requirement for UE configured with more than one repetition. Therefore, for PUSCH repetition type B, in case K>1, PUSCH should also be limited to a single transmission layer. However, in case K=1, it is not clear whether such single transmission layer is also applied for the case where the single nominal repetition is split into multiple actual repetitions. We slight prefer that the single layer transmission is applied for the nominal repetitions in case of K>1; in other word, more than one layer transmission can be allowed without other restriction if K=1 and one nominal repetition is segmented. Actually, gNB can also avoid that a single nominal repetition is split when K=1.  
Proposal 5: If numberofrepetitions is configured, in case the number of nominal repetitions >1, PUSCH is limited to a single transmission layer.

Text Proposal for 38.214 
--------------------------------------------------------- Start of TP -----------------------------------------
6.1.2.1	Resource allocation in time domain

…..
For PUSCH repetition Type B, the number of nominal repetitions is given by numberofrepetitions. In case the number of nominal repetitions >1, the PUSCH is limited to a single transmission layer. For the n-th nominal repetition, n = 0, …, numberofrepetitions - 1,
…..
--------------------------------------------------------------------------------------------End of TP ------------------------------------------------------------


3. Conclusion
In the contribution, we have some investigations on remaining issues of URLLC PUSCH enhancement, and propose that,
[bookmark: _GoBack]Proposal 1: Option 1b is preferred, i.e., for determining the number of REs used for UCI multiplexed on an actual PUSCH repetitions for PUSCH repetition Type B, the calculation is based on the nominal repetition. UE does not expect that the number of REs required by UCI is more than the number of available REs in the actual repetition on which the UCI is multiplexed.
Proposal 2: For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH, A-CSI/SP-CSI is transmitted on the first actual repetition, and other actual repetitions are discarded.
· Option B: UE is not expected to be indicated with numberofrepetitions >1.
Proposal 3: For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is transmitted on the first actual repetition.
Proposal 4: For PUSCH repetition type A,
· for A-CSI triggered without UL-SCH,
· A-CSI only on PUSCH can be triggered with a PUSCH repetition with the number of repetitions >1, where the number of repetitions is configured by pusch-AggregationFactor. If UE is configured with pusch-AggregationFactor > 1, A-CSI/SP-CSI is transmitted on the first actual repetition, and other actual repetitions are discarded..
· UE does not expect that A-CSI only on PUSCH is triggered with a PUSCH repetition with the number of repetitions >1, where the number of repetitions is indicated by numberofrepetitions in the time-domain resource allocation.
· for A-CSI triggered with UL-SCH,
· When UE is configured with pusch-AggregationFactor>1, A-CSI is multiplexed on the first PUSCH repetitions.
· When UE is indicated by numberofrepetition>1 in time-domain resource allocation, A-CSI is multiplexed on the first PUSCH repetitions.
Proposal 5: If numberofrepetitions is configured, in case the number of nominal repetitions >1, PUSCH is limited to a single transmission layer.

Text Proposal for 38.214 
--------------------------------------------------------- Start of TP -----------------------------------------
6.1.2.1	Resource allocation in time domain

…..
For PUSCH repetition Type B, the number of nominal repetitions is given by numberofrepetitions. In case the number of nominal repetitions >1, the PUSCH is limited to a single transmission layer. For the n-th nominal repetition, n = 0, …, numberofrepetitions - 1,
…..
--------------------------------------------------------------------------------------------End of TP ------------------------------------------------------------
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