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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK3]In Rel.15, UL skipping for following cases was concluded.
· Case 1: PUSCH skipping without overlapping CSI/HARQ-ACK on PUCCH (LTE behavior)
· Case 2: PUSCH skipping with overlapping CSI/HARQ-ACK on PUCCH (UE behavior undefined)
For case 1, it was agreed that when a UL grant without UL-SCH field or UL-SCH =1 (if present) is detected by a UE configured with skipUplinkTxDynamic, the corresponding PUSCH transmission is skipped by the UE if no transport block for the PUSCH transmission is generated by MAC and there is no CSI/HARQ-ACK on PUCCH overlapping with the PUSCH, which is same as LTE behavior.
For case 2, following CR and conclusion were made, i.e. UE behavior if there would be a PUCCH with CSI/HARQ-ACK overlapping in time with a PUSCH scheduled by a DCI format is not defined. UE behavior for case 2 can be addressed in Rel.16 [1].
	6.1	UE procedure for transmitting the physical uplink shared channel
A UE shall upon detection of a DCI format scheduling a PUSCH PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. unless the UE does not generate a transport block as described in [10, TS38.321] and there is no PUCCH with CSI/HARQ-ACK that overlaps in time with the PUSCH. In this release of the specification, the UE behavior is undefined if there would be a PUCCH with CSI/HARQ-ACK overlapping in time with a PUSCH scheduled by a DCI format and if the UE does not generate a transport block as described in [10, TS38.321] when skipUplinkTxDynamic provided by higher layers is set to true. 

	Conclusion
In case a UL grant without UL-SCH field or UL-SCH =1 (if present) is detected by a UE configured withskipUplinkTxDynamic, Case 2 can be addressed for Rel-16.



Given the current status, UL skipping for DG-PUSCH is not implementable in Rel.15. In this contribution, we discuss the potential solutions in case of a dynamic PUSCH with UL skipping overlapping with PUCCH carrying UCI for Rel.16.
2. Discussion
[bookmark: OLE_LINK25]UE behavior needs to be defined in Rel.16 if there would be a PUCCH with CSI/HARQ-ACK overlapping in time with a PUSCH scheduled by a DCI. Otherwise, UL skipping feature cannot be implemented. Moreover, during the previous discussions it was pointed out that both non-CA and CA case should be taken into account when determining the behavior for case 2 in Rel.16.
In Rel.15, in CA case, when there are multiple PUSCHs scheduled on multiple serving cells that are overlapping with a PUCCH carrying UCI on a serving cell, the UCI will be multiplexed on the PUSCH overlapping with the PUCCH on the serving cell with lowest cell index, according to the multiplexing rules as follows. When UL skipping is enabled for these serving cells, if a PUSCH on a serving cell would be not transmitted due to no generated TB, where the UCI will be multiplexed becomes ambiguous during the scheduling and receiving at gNB side. 
	Multiplexing rules defined in Rel.15/16
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) on PCC. 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 > configured grant PUSCHs PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH
· Fourth priority: PUSCHs on CC serving cell with smaller CC serving cell index > PUSCHs on CC serving cell with larger CC serving cell index
· Fifth priority: Earlier PUSCH transmission > later PUSCH transmission



For example, there are 5 CCs where there are scheduled PUSCH transmission on each CC of CC#2~CC#4 and there is a PUCCH transmission on CC#1 that is overlapping with the PUSCHs on CC#2~CC#4. If UL skipping is not enabled for CC#2~#4, UCI will be multiplexed on the PUSCH transmission on CC#2. If UL skipping is enabled for CC #2~CC #4, UE may skip the PUSCH on CC#2 and multiplex the UCI on the PUSCH on the CC with data. However, for gNB, blind detection for PUSCH on each CC with scheduled PUSCH overlapping with UCI should be performed, with hypothesis of UCI multiplexing. It may result in heavy burden for gNB detection.
To handle dynamic PUSCH skipping with overlapping CSI/HARQ-ACK on PUCCH in Rel.16, following options can be considered:
· Option 1: PUSCH with UCI multiplexing is transmitted with a MAC padding PDU generated by MAC without UL-SCH
· Option 2: PUSCH is skipped and UCI is transmitted in the corresponding PUCCH (LTE behaviour)
· Option 3: PUSCH with UCI multiplexing is transmitted with dummy bits generated by PHY
· Option 1
For option 1, there can be two different implementations as follows.
· Option-1a: MAC is aware (by implementation) whether there is UCI to be multiplexed on the PUSCH
· Option-1b: PHY indicates to MAC if there is UCI to be multiplexed on the PUSCH
The procedures in PHY and MAC layer at UE side for option 1a and option 1b are illustrated in Figure 1.
With UL skipping

[bookmark: _Ref47532875]Figure 1: Example of PHY and MAC procedures at UE side for option 1a and option 1b
Regarding PHY processing, following procedures are conducted as example.
1>	Decode DL/UL grant
2>	Determine PUCCH resource if there are multiple PUCCH resources overlapping
3> If there is PUCCH overlapping with PUSCH.
4> Determine PUSCH for UCI multiplexing if there are multiple PUSCHs overlapping with the PUCCH
5b> UCI and (padding) data are multiplexing on the PUSCH
3> else, 
5a> UCI is transmitted on the PUCCH
Regarding MAC processing, following procedures are conducted as example.
1>	UL grant reception
2>	If there is data available for any LCG or there is A-CSI triggered on PUSCH 
4c> MAC generates MAC PDU.
2> else
3> If there is UCI to be multiplexed on PUSCH.
4a> MAC generates MAC padding PDU for the PUSCH
3> else
4b> No MAC PDU is generated
[bookmark: _Hlk47531540]From the procedures as shown above, it can be seen that for option 1a, MAC can be aware whether there is UCI to be multiplexed on the PUSCH by implementation, e.g. by internal interaction between MAC and PHY. There is spec impact on MAC but no impact on PHY. Since the procedure to generate MAC padding PDU is already specified in MAC spec for some cases, the generation of MAC padding PDU can be reused for the case that there is UCI to be multiplexed on PUSCH.
For option 1b, it is similar to option 1a for MAC procedure. As for PHY, Option 1b requires PHY indicates to MAC if there is UCI to be multiplexed on a PUSCH and MAC generates MAC (padding) PDU for the PUSCH based on PHY indication. Compared to option 1a, UE behaviour to generate MAC PDU is clearer, while option 1b has spec impacts on both MAC and PHY.
For gNB, no additional blind detection due to UL skipping at NW side in CA case. NW can assume UCI will be multiplexed on the PUSCH. As there is specific format of MAC padding PDU, the MAC padding PDU carried by the skipped PUSCH for UCI multiplexing will be discarded by NW after successfully decoded. 
[bookmark: _Ref47532717]Observation 1: No additional blind detection due to UL skipping at NW side in CA case for option 1.
[bookmark: _Ref47532719]Observation 2: The generation of MAC padding PDU can be reused for the case that there is UCI to be multiplexed on PUSCH.

· Option 2
For option 2, MAC does not generate MAC PDU for the PUSCH if there is no data available regardless whether it is overlapping with a PUCCH for UCI in time. UCI is transmitted on PUCCH if there is no MAC PDU delivered from MAC for the PUSCH, which is the same as LTE behaviour. 
The procedures in PHY and MAC layer at UE side for option 2 are illustrated in Figure 2.

[image: ]
[bookmark: _Ref47532867]Figure 2: Example of PHY and MAC procedures at UE side for option 2
Regarding PHY processing, following procedures are conducted as example.
1>	Decode DL/UL grant
2>	Determine PUCCH resource if there are multiple PUCCH resources overlapping
3> If there is MAC PDU delivered from MAC.
4> If there is PUCCH overlapping with PUSCH.
5> Determine PUSCH for UCI multiplexing if there are multiple PUSCHs overlapping with the PUCCH UCI and (padding) data are multiplexing on the PUSCH
6b> UCI and (padding) data are multiplexing on the PUSCH
4> else, UCI is transmitted on the PUCCH
3> else, 
6a>UCI is transmitted on the PUCCH
Regarding MAC processing, following procedures are conducted as example.
1>	UL grant reception
2>	If there is data available for any LCG or there is A-CSI triggered on PUSCH 
3b> MAC generates MAC PDU.
2> else
3a> No MAC PDU is generated.
From the above procedure, it can be observed that option 2 has impact on the UCI multiplexing procedure in PHY, i.e. UCI multiplexing is dependent on whether there is MAC PDU delivered by MAC. 
From network perspective, there is additional blind detection for UL skipping in CA case. gNB needs to perform detections for UCI with different hypotheses, assuming UCI is multiplexed on PUSCH or PUCCH on each serving cell with UL skipping. To overcome the issue on additional blind detection, a possible solution is indication in UL grant to disable UL skipping for the PUSCH scheduled by the UL grant, e.g. by triggering A-CSI or introducing a new field. In such case, gNB dynamically disables UL skipping for the PUSCH on which UCI is intended to be multiplexed according to current multiplexing rules.
[bookmark: _Ref47532723]Observation 3: There is additional blind detection for UL skipping in CA case, i.e. gNB needs to perform detections for UCI with different hypotheses, assuming UCI is multiplexed on PUSCH or PUCCH on each serving cell with UL skipping.

· Option 3
For option 3, MAC does not generate MAC PDU if there is no data available. Dummy bits are generated by PHY if there is no MAC PDU delivered from MAC. 
The procedures in PHY and MAC layer at UE side for option 3 are illustrated in Figure 3.
[image: ]
[bookmark: _Ref47532856]Figure 3: Example of PHY and MAC procedures at UE side for option 3
Regarding PHY processing, following procedures are conducted as example.
1>	Decode DL/UL grant
2>	Determine PUCCH resource if there are multiple PUCCH resources overlapping
3> If there is PUCCH overlapping with PUSCH.
4b> Determine PUSCH for UCI multiplexing if there are multiple PUSCHs overlapping with the PUCCH
5> If there is MAC PDU delivered from MAC
7> UCI and (padding) data are multiplexing on the PUSCH
5> else
6> Generate dummy TB for the PUSCH
7> UCI and (padding) data are multiplexing on the PUSCH
3> else, 
4a>UCI is transmitted on the PUCCH
Regarding MAC processing, following procedures are conducted as example.
1>	UL grant reception
2>	If there is data available for any LCG or there is A-CSI triggered on PUSCH 
3b> MAC generates MAC PDU.
2> else
3a> No MAC PDU is generated.
[bookmark: _Hlk47531700]From the procedure, it can be seen that there is impact on PHY at UE side for option 3. The key question for option 3 is how to generate the dummy bits in PHY. If dummy bits generation is up to UE implementation e.g. by “dummy modulated symbols”, it will cause that gNB does know whether a PUSCH carries dummy TB or not. In this case, gNB may reschedule PUSCH for the dummy TB until reaching the maximum retransmission time. It would be a waste of resource. Therefore, generation of dummy bits should be specified in PHY.
To avoid unnecessary retransmission, dummy bits need to be generated before CRC attachment, i.e. CRC will be attached for the generated dummy bits. After that, the dummy bits will go through the entire encoding/Rate-matching/modulation procedures. In such case, specification impact on PHY is unavoidable.
The second issue is how gNB distinguish a PUSCH carries actual TB or dummy bits. If gNB successfully decoding the dummy TB by passing the CRC checking, gNB may even not identify a dummy TB after it is delivered to the higher layer. Therefore, either indication to gNB on a dummy TB on the PUSCH or specific bits generation are needed, which requires considerable specification impact.
[bookmark: _Ref47532725]Observation 4: No additional blind detection due to UL skipping at NW side in CA case for option 3.
[bookmark: _Ref47532728]Observation 5: The generation of dummy bits should be specified in PHY for option 3.

In summary, the impacts on gNB side and UE side for all the options are shown in the Table.
Table 1: summary of impacts for all options for gNB and UE sides in case of PUSCH skipping with overlapping with PUCCH carrying UCI
	Impact
	gNB side
	UE side

	Case
	Additional blind detection for CA case
	Need for identifying a “padding” PUSCH
	Impact on MAC
	Impact on PHY

	Option 1a
	No
	No
	Low
	No

	Option 1b
	No
	No
	Low
	Low

	Option 2
	Yes
	N/A
	No
	Low

	Option 3 (dummy bits are generated before CRC attachment)
	No
	Yes
	No
	High



Above all, option with minor impacts on specification and implementation and without causing additional issues  on either gNB or UE side is prioritized. Furthermore, a unified solution for both non-CA and CA cases is preferable. Therefore, we have the following proposal.
[bookmark: _Ref21009225][bookmark: _Ref40110079][bookmark: _Ref40110108][bookmark: _Ref47532734][bookmark: _Hlk496824026]Proposal 1: For case 2 i.e. dynamic PUSCH skipping with overlapping CSI/HARQ-ACK on PUCCH, option 1 is supported, i.e. PUSCH with UCI multiplexing is transmitted with a MAC padding PDU generated by MAC.
· Among option 1a and option 1b, option 1b is preferred.
[bookmark: _Ref40274291]Proposal 2: Adopt draft CRs as in R1-2005328 and R1-2006680 for Rel-16.
3. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on the case of a dynamic PUSCH with UL skipping overlapping with PUCCH carrying UCI. The observations and proposals are summarized below.
Observation 1: No additional blind detection due to UL skipping at NW side in CA case for option 1.
Observation 2: The generation of MAC padding PDU can be reused for the case that there is UCI to be multiplexed on PUSCH.
Observation 3: There is additional blind detection for UL skipping in CA case, i.e. gNB needs to perform detections for UCI with different hypotheses, assuming UCI is multiplexed on PUSCH or PUCCH on each serving cell with UL skipping.
Observation 4: No additional blind detection due to UL skipping at NW side in CA case for option 3.
Observation 5: The generation of dummy bits should be specified in PHY for option 3.
Proposal 1: For case 2 i.e. dynamic PUSCH skipping with overlapping CSI/HARQ-ACK on PUCCH, option 1 is supported, i.e. PUSCH with UCI multiplexing is transmitted with a MAC padding PDU generated by MAC.
Proposal 2: Adopt draft CRs as in R1-2005328 and R1-2006680 for Rel-16.
[bookmark: OLE_LINK20]References
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