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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#100 e-meeting, PUSCH enhancement for URLLC are discussed. Some remaining issues are left for further discussion[1]:
In this contribution, we share our views on remaining issue of PUSCH enhancements for URLLC.
2. Discussion on PUSCH repetitions
2.1 Conflict with SSB   
In Rel-15, for a set of symbols of a slot that are indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit UL channel or signals in the conflict set of symbols or slot. 
The same rule can be reused for PUSCH repetition Type B. When a set of symbols of a repetition is conflict with the symbols indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, the set of symbols of the repetition are not used for PUSCH transmission. If there are remaining symbols, they are considered as potentially valid symbols for PUSCH repetition Type B transmission. 
[bookmark: _Ref20931160][bookmark: _Ref23775927]Proposal 1: For DG and CG with PUSCH repetition Type B, a set of symbols that is indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, is considered as invalid symbol(s) for PUSCH repetition Type B transmission.
Text Proposal for 38.214 
--------------------------------------------------------- Start of TP -----------------------------------------
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……
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission.
-	A set of symbols that is indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks is considered as invalid symbol(s) for PUSCH repetition Type B transmission
……
--------------------------------------------------------------------------------------------End of TP ------------------------------------------------------------

2.2 Which PUSCH repetition should UCI be multiplexed on
In RAN1#100 e-meeting, UCI multiplexed on PUSCH for PUSCH repetition Type B are discussed. Three options are provided as following: 
	If PUCCH carrying UCI overlaps with multiple actual PUSCH repetitions for PUSCH repetition Type B,
· Option 1: The timeline conditions defined in TS 38.213 Section 9.2.5 should be satisfied by replacing PUSCHs with actual PUSCH repetitions. UCI is multiplexed on the first actual repetition. An actual PUSCH repetition that is not transmitted is not considered in the procedure.
· Option 2: UCI is multiplexed on the first actual repetition that satisfies the timeline conditions defined in TS 38.213 Section 9.2.5.
· Option 3: UCI is multiplexed on the overlapping actual repetition that has the largest number of symbols. 



In Rel-15, UCI multiplexing on PUSCH based on the following steps. 
	RAN1#97
Conclusion:
the intended UE behavior per specification is commonly understood as follows:
· For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1 first, then followed by step 2:
· Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource Z). This step is done per PUCCH slot. 
· Step 2: UCI, that doesn’t include SR, in Z is multiplexed into one PUSCH, if Z overlaps with at least one PUSCH, following the priorities (sequentially from high to low) as listed below.
· First priority: PUSCH with A-CSI as long as it overlaps with Z
· Second priority: earliest PUSCH slot(s) based on the start of the slot(s)
· If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the following priorities (sequentially from high to low)
· Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH
· Fourth priority: PUSCHs on serving cell with smaller serving cell index > PUSCHs on serving cell with larger serving cell index
· Fifth priority: Earlier PUSCH transmission > later PUSCH transmission 
Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies among PUCCH and PUSCHs.




Generally, when a PUCCH is overlapped with one or more PUSCH repetitions, UCI is multiplexed on the earliest PUSCH that is overlapped with the PUCCH, where the multiplexing timeline is satisfied. Otherwise, it is deemed as an error case.
For UCI multiplexing on PUSCH repetition Type B, the principle of UCI multiplexing rule in Rel-15 can be reused, i.e. if a PUCCH is overlapped with one or more actual or nominal PUSCH repetitions, UCI is multiplexed on the first actual PUSCH that is overlapped with the PUCCH. The timeline for UCI multiplexing is satisfied as defined in TS 38.213 Clause 9.2.5. Otherwise, it is deemed an error case.  
Proposal 2: In case of PUSCH transmission for PUSCH repetition type B overlapping in time with a PUCCH transmission carrying UCI, UCI is multiplexed on the first overlapping actual repetition of the PUSCH. The timeline for UCI multiplexing is satisfied as defined in TS 38.213 Clause 9.2.5.  Otherwise, it is an error case.
Text Proposal for 38.213
--------------------------------------------------------- Start of TP --------------------------------------------------------
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……
If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHs and PUSCHs in Clause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the PUSCH and does not transmit the PUCCH. 
If a UE transmits multiple actual PUSCH for PUSCH repetition Type B according to Clause 6.1.2 in [6, TS 38.214] within a slot and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the one or more actual PUSCH transmission in the slot, and the multiple actual PUSCH transmission in the slot fulfills the conditions in Clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the first actual PUSCH transmission in the slot.
……

-------------------------------------------------------------------------------------------------------End of TP ---------------------------------------------------------------------------------

2.3 UCI resource determination
About UCI resource determination, the following options are proposed.
	· Option 1: The calculation is based on the nominal repetition.
· Option 2: The calculation is based on the actual repetition.
· 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.


Considering the TBS of each PUSCH repetition bases on the nominal transmission, it is reasonable that UCI resource determination is also based on the nominal repetition. gNB knows the each nominal or actual repetition transmitted by UE and can guarantee the UCI resource not more than the available resources if UCI would be multiplexed in an actual PUSCH repetition. 
Proposal 3: 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.
2.4 Gap handling for DL to UL switching
Another issue is discussed on whether Xu symbols, if configured, after the last semi-static DL symbol, are considered as invalid symbols.
In Rel-15, the gap for DL to UL switching is handled by gNB. For PUSCH repetition type B, the same solution can also be used, e.g. gNB does not send DL transmission for a UE in the last semi-static DL symbol before a scheduled UL transmission for the UE. On the other hand, invalid pattern can also be used for handling the required time between DL and UL switching.     
In addition, it is optimization to introduce new RRC parameter for gap handling, which is not preferred in the CR phase.
Proposal 4: gNB scheduling can handle the gap between DL and UL switching. The gap can also be achieved by invalid symbol pattern.

2.5 A-CSI on PUSCH with repetitions
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 or repetition Type B is still open. 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 splitting. The UCI multiplexing principle needs improvement for these cases. Therefore, for A-CSI on PUSCH, the number of repetitions >1 is not suggested.     
In our views, a unified solution should be specified for both PUSCH repetition type A and type B and for both A-CSI only and A-CSI with UL-SCH. 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 5: For A-CSI triggered without UL-SCH,
· for PUSCH repetition type A
· 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, UE assumes number of repetitions equals to 1.
· 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 PUSCH repetition type B 
· 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.
· When the number of repetitions = 1 and the nominal PUSCH repetition carrying A-CSI only is split, A-CSI can only be multiplexed on the first actual PUSCH repetition.
For A-CSI triggered with UL-SCH,
· for PUSCH repetition type A
· When UE is configured with pusch-AggregationFactor>1, A-CSI is multiplexed on one of the PUSCH repetitions. FFS on which PUSCH repetition.
· When UE is indicated by numberofrepetition>1 in time-domain resource allocation, A-CSI is multiplexed on one of the PUSCH repetitions. FFS on which PUSCH repetition.
· for PUSCH repetition type B 
· When UE is indicated by numberofrepetition>1 in time-domain resource allocation, A-CSI is multiplexed on the first actual PUSCH repetition.

3. Conclusion
In the contribution, we have some investigations on remaining issues of URLLC PUSCH enhancement, and propose that,
Proposal 1: For DG and CG with PUSCH repetition Type B, a set of symbols that is indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, is considered as invalid symbol(s) for PUSCH repetition Type B transmission.
Text Proposal for 38.214 
--------------------------------------------------------- Start of TP -----------------------------------------
6.1.2.1	Resource allocation in time domain

……
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission.
-	A set of symbols that is indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks is considered as invalid symbol(s) for PUSCH repetition Type B transmission
……
----------------------------------------------------------------------------------------End of TP ------------------------------------------------------------
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……
If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHs and PUSCHs in Clause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the PUSCH and does not transmit the PUCCH. 
If a UE transmits multiple actual PUSCH for PUSCH repetition Type B according to Clause 6.1.2 in [6, TS 38.214] within a slot and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the one or more actual PUSCH transmission in the slot, and the multiple actual PUSCH transmission in the slot fulfills the conditions in Clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the first actual PUSCH transmission in the slot.
……
----------------------------------------------------------------------------------------------------End of TP ---------------------------------------------------------------------------------
Proposal 3: 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 4: gNB scheduling can handle the gap between DL and UL switching. The gap can also be achieved by invalid symbol pattern.
Proposal 5: For A-CSI triggered without UL-SCH,
· for PUSCH repetition type A
· 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, UE assumes number of repetitions equals to 1.
· 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 PUSCH repetition type B 
· 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.
· When the number of repetitions = 1 and the nominal PUSCH repetition carrying A-CSI only is split, A-CSI can only be multiplexed on the first actual PUSCH repetition.
For A-CSI triggered with UL-SCH,
· for PUSCH repetition type A
· When UE is configured with pusch-AggregationFactor>1, A-CSI is multiplexed on one of the PUSCH repetitions. FFS on which PUSCH repetition.
· When UE is indicated by numberofrepetition>1 in time-domain resource allocation, A-CSI is multiplexed on one of the PUSCH repetitions. FFS on which PUSCH repetition.
· for PUSCH repetition type B 
· When UE is indicated by numberofrepetition>1 in time-domain resource allocation, A-CSI is multiplexed on the first actual PUSCH repetition.
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