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In RAN1#104bis-e, PUSCH skipping for PUSCH was discussed and the following agreements were reached[1]. In this contribution, the remaining issues are discussed. 
	Conclusion
For Rel-16, In case of UCI overlapping with multiple CG with the same starting time on a serving cell, it is up to UE implementation to determine the CG resource for UCI multiplexing from multiple CG configurations.
· No spec change is needed



Discussion
Discussion on PUSCH skipping in case of PUSCH repetition without Rel-16 MAC/PHY prioritization
In RAN1#104-e, PUSCH skipping in case of PUSCH repetition was discussed and some options for dynamic grant (DG) PUSCH were proposed as shown below[2].
	· Option 1: When there’s a UCI to be multiplexed on any of the repetitions of the DG PUSCH, MAC generates MAC PDU for the DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI can be multiplexed on the DG PUSCH.
· MAC generate MAC PDU for all DG PUSCH repetitions
· Note: the UCI multiplexing timeline condition for the first repetition of DG PUSCH should be ensured

· Option 2: 
· When there’s UCI overlapping with the first PUSCH repetition of the DG PUSCH, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. 
· UE does not expect when a UCI is overlapping with the repetitions other than the first PUSCH repetition.

· Option 3: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
· Option 4: Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together (error case is defined).

· Option 5: When PUSCH repetition is configured, 
· if a PUSCH repetition overlaps with PUCCH, MAC generates PDU for the repetition, 
· otherwise, MAC does not generate PDU for the repetition if there is no data for the DG PUSCH.
· Note: it requires the MAC layer can decide whether to generate a MAC PDU for the repetition depending on whether it overlaps with PUCCH, which is different from current MAC behaviour.

· Option 6: When PUSCH repetition is configured, 
· MAC layer behavior: For a PUSCH repetition, MAC always generate a PDU. If MAC has data in buffer, generate a real PDU; otherwise, generate a dummy PDU. And MAC use 1-bit to tell the PHY the PDU is a dummy PDU or real PDU. The 1-bit can be UE internal implementation between MAC and PHY, no need to specify it. 
· PHY layer behavior: Each PUSCH repetition independently check it overlap with a PUCCH or not. 
· If it overlaps with a PUCCH, that PUSCH repetition cannot be skipped. 
· If it does not overlap with any PUCCH, 
· if the MAC PDU is a dummy PDU, PHY can skip this PUSCH repetition
· If the MAC PDU is a real PDU, PHY cannot skip this PUSCH repetition. 

· Option 7: When a PUCCH is overlapped with any of the first X PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· UE does not expect when a UCI is overlapping with the repetitions other than the first X PUSCH repetition
· The value of X can be 1 or is 2  


For Option 1, the UE should transmit all the repetition as long as PUCCH overlaps with any repetition. It requires the UE should be aware of the overlapping before the first repetition. This works when the overlapped PUCCH carries HARQ-ACK or P-CSI due to the defined timeline requirement for the UCI multiplexing in the PUSCH, i.e. the UL grant should be later than the DL grant. However, it may be not feasible when the overlapped PUCCH carries SP-CSI. Because the UE may only be aware of the SP-CSI report on PUCCH after the UL grant. In addition, this is not feasible for configured grant (CG) since there is no such timeline requirement for CG PUSCH. Option 1 is not applicable for all UCI types and both DG and CG, and therefore not preferred. 
Observation 1: For UL skipping for PUSCH repetition, Option 1 is not feasible in case of PUCCH carrying SP-CSI or CG PUSCH since UE cannot be aware of the collision before the transmission of the first repetition.  
For Option 2, it means the overlapping between the PUCCH and the PUSCH repetitions other than the first repetition is not allowed. It would bring large restrictions to the network scheduling. In some cases, such overlapping even cannot be avoided especially for PUCCH or PUSCH configured by RRC. For example, the P-CSI on PUCCH with a short periodicity. Option 4 is more restrictive since it doesn’t even allow UL skipping and PUSCH repetitions to be worked together. 
Observation 2: For UL skipping for PUSCH repetition, Option 2 and Option 4 would bring large restrictions to the network scheduling.
For Option 3, the UE behaviors are different depending on whether PUCCH is overlapped with the first PUSCH repetition or other repetitions. When a PUCCH is overlapped with the first PUSCH repetition, UE shall transmit all the PUSCH repetitions with multiplexed UCI regardless of whether it has available data. From the network perspective, the UE behavior is clear. When a PUCCH is overlapped with the repetitions other than the first repetition, the UE shall transmit all the PUSCH repetitions with multiplexed UCI if it has available data. The UE shall skip all the PUSCH repetitions and transmit the PUCCH if it has no available data. From the perspective of the network, the UE behavior is not clear since the network cannot be aware of whether the UE has available data or not. It may lead to many problems.
· 1)The network should first detect whether the first PUSCH repetition is transmitted to further determine the UE behavior. 
· The detection based on only the first repetition is not reliable when PUSCH repetition is enabled
· If the detection result is wrong, the network would not be able to decode either the PUCCH or PUSCH correctly. 
· 2)The network has to keep the PUCCH resource for the UE when scheduling. It leads to a waste of the resource since in most cases the UE has available data for transmission and the UCI is multiplexed in the PUSCH.  
· 3)It obviously increases the network complexity, which violates the intention of PUSCH skipping as discussed from the very beginning. 
Observation 3: For UL skipping for PUSCH repetition, Option 3 would cause performance loss, resource waste and network complexity.
Option 7 can be seen as the combination of the option 1 and option 2. Thus, it has the same drawbacks with option 1 and option 2 while such problems are alleviated a bit. It depends on the value of X. Considering that the number of the PUSCH repetitions can be up to 16 and X=2, the restriction is still large similar as option 2. In addition, the same issue of option 1 recurs when the PUCCH overlaps with the second PUSCH repetition. Therefore, option 7 is not preferred.
Observation 4: For UL skipping for PUSCH repetition, option 7 has the same drawbacks with option 1 and option 2. 
As an example shown in Figure 1, only the third PUSCH occasion (PUCSCH 3) overlaps with PUCCH. For the purpose of avoiding the network blind detection, at least PUSCH 3 cannot be skipped. For the PUSCH occasion that does not overlap with PUCCH, there is no strong reason to transmit the PUSCH if there is no available data. On the contrary, skipping the PUSCH can save power consumption for the UE. In addition, when UE transmits PUSCH 1 and PUSCH 2, the UE may not know the overlapping in the subsequent PUSCH occasion as discussed above. The UE may already skip the PUSCH 1 or PUSCH 2 after it realizes there is PUCCH overlapping in PUSCH 3. Therefore, when the PUSCH repetition is configured, only the PUSCH overlapping with the PUCCH cannot be skipped. From the network perspective, the UE behavior is clear. In addition, there is no timeline issue or scheduling restriction. This can be applied for both DG PUSCH and CG PUSCH.


Figure 1 Overlapping between PUSCH repetition and PUCCH
Observation 5: If only the PUSCH overlapping with the PUCCH cannot be skipped, the UE behavior is clear and there is no timeline issue or scheduling restriction.
Considering the prominent benefits and the less specification impacts to both RAN1 and RAN2 (More details analysis is given below), we propose that only the PUSCH repetition overlapping with the PUCCH cannot be skipped in case the PUSCH repetition is configured.
In both option 5 and option 6, the overlapping check between PUCCH and PUSCH repetitions is independent. Thus, they have the same result. The main difference between of them is the purpose of the overlapping check. It leads to the UE procedure are quite different. In option 5, the overlapping check is used for determining MAC PDU generation in the MAC layer. The purpose is the same as other cases. In option 6, the overlapping check is used for physical layer to determine the PUSCH transmission. So it needs the MAC layer to generate the MAC PDU at first, i.e. another condition for MAC PDU generation is introduced. In addition, it changes the current MAC PDU deliver behavior as discussed below. The physical layer should determine the PUSCH transmission according to the additional 1 bit indication. RAN2 should discuss how to define the dummy PDU. Therefore, it has large specification impact on both RAN1 and RAN2. 
Observation 6: For UL skipping for PUSCH repetition, option 6 has large specification impact on both RAN1 and RAN2.
In addition, there may be some other issues for CG PUSCH for option 6 considering that an unified solution should be adopted. For option 6, it means the MAC PDU should be generated at the first PUSCH repetition. For example, the MAC layer generates the dummy MAC PDU at first if there is no available data. It eliminates the possibility to transmit the subsequent PUSCH carrying available data if the new data is arrived later. It changes the CG PUSCH transmission rule since the initial PUSCH transmission starting from the intermediate PUSCH repetition has already been supported in Rel-15.
Observation 7: For UL skipping for PUSCH repetition, option 6 changes the CG PUSCH transmission rule, i.e., the initial PUSCH cannot be transmitted starting from the intermediate PUSCH repetition to carry available data.
Since there are many issues on option 6, option 5 is slightly preferred. 
Proposal 1: When PUSCH repetition is configured, 
· if a PUSCH repetition overlaps with PUCCH, MAC generates PDU for the repetition, 
· otherwise, MAC does not generate PDU for the repetition if there is no data for the DG PUSCH.
In the following, we further analyze the current UE behavior and potential specification impact for Proposal 1. 
In Rel-15/16, for PUSCH repetition for both CG PUSCH and DG PUSCH, each transmission is separate uplink grant delivered to the HARQ entity from the perspective of MAC layer. After the first transmission, the subsequent repetitions can be seen as HARQ retransmissions. The similar operation for HARQ retransmission in MAC is used for PUSCH repetition. For the HARQ retransmission, the MAC layer delivers the stored MAC PDU to the PHY layer. Therefore, it means the MAC layer delivers the MAC PDU to the PHY layer for PUSCH repetition per repetition basis. This is reflected by the yellow highlighted texts below [3]. On the other hand, MAC layer can only generate the MAC PDC to PHY layer for initial transmission. This is reflected by the green highlighted texts below. 
Observation 8: In Rel-15/16, the MAC layer only generates MAC PDU for initial transmission while it can deliver the stored MAC PDU to the PHY layer per repetition basis for PUSCH repetition.
	The maximum number of transmissions of a TB within a bundle of the dynamic grant or configured grant is given by REPETITION_NUMBER as follows:
-	For a dynamic grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.1 of TS 38.214 [7];
-	For a configured grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.3 of TS 38.214 [7].
If REPETITION_NUMBER > 1, after the first transmission within a bundle, at most REPETITION_NUMBER – 1 HARQ retransmissions follow within the bundle. For both dynamic grant and configured uplink grant, bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle, HARQ retransmissions are triggered without waiting for feedback from previous transmission according to REPETITION_NUMBER for a dynamic grant or configured uplink grant unless they are terminated as specified in clause 6.1 of TS 38.214 [7]. Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity.
...
1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
2>	if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
2>	if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or
2>	if the uplink grant was received in a Random Access Response; or
2>	if the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery; or
2>	if the uplink grant is part of a bundle of the configured uplink grant, and may be used for initial transmission according to clause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU has been obtained for this bundle:
3>	if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response; or:
3>	if there is a MAC PDU in the Msg3 buffer and the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery:
4>	obtain the MAC PDU to transmit from the Msg3 buffer.
4>	if the uplink grant size does not match with size of the obtained MAC PDU; and
4>	if the Random Access procedure was successfully completed upon receiving the uplink grant:
5>	indicate to the Multiplexing and assembly entity to include MAC subPDU(s) carrying MAC SDU from the obtained MAC PDU in the subsequent uplink transmission;
5>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity.
3>	else:
4>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;
....
2>	else (i.e. retransmission):
3>	if the uplink grant received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the identified process is empty; or
3>	if the uplink grant is part of a bundle and if no MAC PDU has been obtained for this bundle; or
3>	if the uplink grant is part of a bundle of the configured uplink grant, and the PUSCH duration of the uplink grant overlaps with a PUSCH duration of another uplink grant received on the PDCCH or an uplink grant received in a Random Access Response (i.e. MAC RAR or fallbackRAR) or an uplink grant determined as specified in clause 5.1.2a for MSGA payload for this Serving Cell; or:
3>	if the MAC entity is configured with lch-basedPrioritization and this uplink grant is not a prioritized uplink grant:
4>	ignore the uplink grant.
3>	else:
4>	deliver the uplink grant and the HARQ information (redundancy version) of the TB to the identified HARQ process;
4>	instruct the identified HARQ process to trigger a retransmission;


In current specification, it is feasible to generate a MAC PDU for CG PUSCH within the repetitions since any of the transmission occasion with RV equal to 0 in the K repetitions can be the initial transmission. When the UL data is arrived after the first repetition for CG PUSCH, it is allowed to transmit PUSCH starting from the repetition with RV equal to 0.
Observation 9: MAC PDU generation within the PUSCH repetition is supported for CG PUSCH in the MAC layer in current specification.
For the proposed UE behavior, it requires that the MAC layer should generate and deliver a MAC PDU to the PHY layer for the PUSCH repetition overlapping with the PUCCH. According to the observation above, the specification impact is minor, e.g., the only change is that even the repetition is not the initial transmission for DG or not a CG transmission with RV=0, the MAC layer should also generate a MAC PDU for the repetition due to the overlapping with PUCCH. Because the MAC layer can know the generated MAC PDU includes only padding PDU, it can choose not to deliver the MAC PDU to the subsequent repetition since there is no overlapping with PUCCH. 
Observation 10: The proposed solution in Proposal 1 has minor RAN2 specification impacts.
· The only change is that even the repetition is not the initial transmission for DG or not a CG transmission with RV=0, the MAC layer can decide whether to generate a MAC PDU for the repetition depending on whether it overlaps with PUCCH. 
Discussion on cases with Rel-16 MAC/PHY prioritization
In Rel-16, a PUCCH or a PUSCH can be configured with physical priority. When the overlapped PUCCH and PUSCH are configured with the same priority, the UE behavior is the same as that in Rel-15. If there are configured with different priorities, there are two cases as follows.
· HP PUSCH vs LP PUCCH
When a PUSCH with high priority overlaps with a PUCCH with low priority, the PUCCH will be canceled and only PUSCH will be transmitted. If the HP PUSCH can be skipped when there is no available data for PUSCH transmission, then the LP PUCCH can be transmitted. On the contrary, if the HP PUSCH cannot be skipped as agreed in Rel-15, the PUCCH has to be canceled. However, the transmission is useless since neither valid data nor UCI is carried in this case. Therefore, HP PUSCH can be skipped when there is no available data for PUSCH transmission in case of collision between HP PUSCH and LP PUCCH.
· LP PUSCH vs HP PUCCH
When a PUSCH with low priority overlaps with a PUCCH with high priority, the PUSCH will be canceled and only PUCCH will be transmitted. Therefore, it does not matter whether PUSCH is skipped or not. To align with the UE behavior in case of collision between HP PUSCH and LP PUCCH, the LP PUSCH can be skipped in this case. 
Since the proposal that PUSCH can be skipped does not change the current UE behavior, it can be used for all the discussed collision cases, including when the PUSCH repetition is configured.
Proposal 2: When there is no available data for PUSCH transmission, the PUSCH can be skipped if the PUSCH overlaps with PUCCH and they are configured with different priorities.
Conclusion
According to the discussion above, we have the following observations and proposals.
Observation 1: For UL skipping for PUSCH repetition, Option 1 is not feasible in case of PUCCH carrying SP-CSI or CG PUSCH since UE cannot be aware of the collision before the transmission of the first repetition.  
Observation 2: For UL skipping for PUSCH repetition, Option 2 and Option 4 would bring large restrictions to the network scheduling.
Observation 3: For UL skipping for PUSCH repetition, Option 3 would cause performance loss, resource waste and network complexity.
Observation 4: For UL skipping for PUSCH repetition, option 7 has the same drawbacks with option 1 and option 2. 
Observation 5: If only the PUSCH overlapping with the PUCCH cannot be skipped, the UE behavior is clear and there is no timeline issue or scheduling restriction.
Observation 6: For UL skipping for PUSCH repetition, option 6 has large specification impact on both RAN1 and RAN2.
Observation 7: For UL skipping for PUSCH repetition, option 6 changes the CG PUSCH transmission rule, i.e., the initial PUSCH cannot be transmitted starting from the intermediate PUSCH repetition to carry available data.
Observation 8: In Rel-15/16, the MAC layer only generates MAC PDU for initial transmission while it can deliver the stored MAC PDU to the PHY layer per repetition basis for PUSCH repetition.
Observation 9: MAC PDU generation within the PUSCH repetition is supported for CG PUSCH in the MAC layer in current specification.
Observation 10: The proposed solution in Proposal 1 has minor RAN2 specification impacts.
· The only change is that even the repetition is not the initial transmission for DG or not a CG transmission with RV=0, the MAC layer can decide whether to generate a MAC PDU for the repetition depending on whether it overlaps with PUCCH. 
Proposal 1: When PUSCH repetition is configured, 
· if a PUSCH repetition overlaps with PUCCH, MAC generates PDU for the repetition, 
· otherwise, MAC does not generate PDU for the repetition if there is no data for the DG PUSCH.
Proposal 2: When there is no available data for PUSCH transmission, the PUSCH can be skipped if the PUSCH overlaps with PUCCH and they are configured with different priorities.
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