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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The principles for addressing the overlapping between skipping PUSCH and PUCCH carrying UCI is specified starting from dynamic UL grant case and following with CG grant problem respectively in previous RAN1 meetings. At 103-e, numerous cases referred to both dynamic and configured grants were proposed. However, there are still quite a lot leftovers to be handled, especially considering PUSHC repetition is configured and channel prioritization in PHY and MAC layer. In this contribution, such remaining issues are discussed and corresponding solutions are proposed.
[bookmark: _Ref129681832]Cases for UL skipping 
General 
In feature lead summary [1], six cases for UL skipping are summarized totally. 
· Case 1-1 and Case 1-2 are the PUCCH overlapping with CG or DG PUSCH separately. 
For these cases, it is agreed a MAC PDU will be generated for UCI multiplexing and the PUSCH will not be skipped. 
· Case 1-3, PUCCH, CG PUSCH and DG PUSCH are overlapping with each other. 
· Case 1-4, PUCCH has resource overlapping with DG PUCCH only and DG PUSCH and CG PUSCH would overlap in time. 
· Case 1-5, PUCCH collides with un-overlapped CG and DG PUSCHs simultaneously.
· Case 1-6, DG PUSCH and CG PUSCH are overlapping and CG PUSCH is overlapping with PUCCH.
As previous agreements and specification in Rel-15, when a PUSCH is scheduled dynamically and overlaps with a CG PUSCH, DG would override CG to avoid two parallel transmissions. Therefore, in Rel-16, for Case 1-3, 1-4 and 1-5, when DG PUSCH skipping is configured and  neither the LCH based prioritization in MAC layer nor two PHY priority levels in the PHY is configured, a MAC PDU will be generated for UCI multiplexing. However, the problem occurs at if the PUCCH overlaps with CG PUSCH only and the CG PUSCH has common symbols with DG PUSCH in time, i.e. Case 1-6, because whether the CG can be transmitted depends on the existence of DG PUSCH. If a MAC PDU is generated for the DG, the CG will be ignored and possibly the multiplexed UCI is dropped subsequently.
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(a)    Case 1-3                                     (b) Case 1-4
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(c) Case 1-5                                                                   (d) Case 1-6
Figure 1. Cases for UL skipping
Solutions for Case 1-6
During the discussion of last RAN1 meeting, two options are proposed for handling Case 1-6:
· Opt-3:
· If there is data for DG, MAC generates PDU for DG PUSCH
· UCI is transmitted on PUCCH.
· If there is no data for DG, MAC does not generate PDU for DG or CG PUSCH
· UCI is transmitted on PUCCH.
· Opt-4:
· If there is data for DG, MAC generates PDU for DG PUSCH
· UCI is dropped together with CG PUSCH.
· If there is no data for DG, MAC does not generate PDU for DG or CG PUSCH.
· UCI is dropped together with CG PUSCH.
As per the analysis in section 2.1 and considering single carrier only, a possible processing order is addressing the multiplexing first and cancelation second. The UCI from CG PUSCH can be multiplexed on the CG PUSCH, but the piggyback will cause the UCI dropping along with the CG PUSCH if there is data for DG PUSCH transmission. The logic of option 4 for resolving the issue is assuming UCI would be definitely multiplexed on the CG PUSCH and CG is always deprioritized by the DG PUSCH, no matter whether the MAC PDU for DG PUSCH is generated or not, the UCI will be never transmitted. From gNB perspective, gNB only needs to check and receive the DG PUSCH. However, the loss of control information may cause additional latency for the HARQ-ACK, which is quite important in URLLC. Alternatively, option 3 will assume the UCI will always be transmitted in the PUCCH and DG PUSCH can be transmitted or not which is up to whether there is data for transmission. Comparing with option 4, it does not bring additional complexity for gNB but maintain the uplink information which is critical for the urgent traffic. Therefore, the option 3 is preferable.
Proposal 1: For the Case 1-6 in Rel-16, for non-CA case, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, in case of one or more CG PUSCHs overlapping with UCI and there is DG PUSCH overlapping with the CG PUSCHs on a serving cell and not overlapping with the UCI, option 3 should be adopted.
For CA case, if the DG PUSCH and CG PUSCH are in the separate carriers, they can be transmitted simultaneously. On the other hand, the existence of data for one grant does not impact on the other PUSCH transmission. Hence, rules for handling Case 1-2 can be reused.
Proposal 2: For the Case 1-6 in Rel-16, for CA case which DG and CG PUSCHs locate in different carriers, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, in case of one or more CG PUSCHs overlapping with UCI and there is DG PUSCH overlapping with the CG PUSCHs on a serving cell and not overlapping with the UCI, the rules for handling case 1-2 are reused.
Other aspects
· PUSCH repetition 
Two aspects should be considered for UL skipping feature when PUSCH with repetition is enabled. First, the conditions to trigger a MAC PDU generation in high layer is not clear. Second, the principles to deal with the PUSCH repetitions without overlapping has not determined yet. 
A way to handle the first problem is to look up the repetitions of PUSCH one by one. For any one of the repetitions, if there is overlapping with PUCCH, a MAC PDU is required to generate and UCI would be multiplexed on the PUSCH. However, this solution is also requested when the first repetition of PUSCH starts, the potential PUCCH transmission has to be confirmed by the PHY layer. It is possible for the DG PUSCH but hardly to be done for CG PUSCH. Shown as Figure 2, since the UL grant comes after the DL grant and when the UL grant arrives, UE could know whether it will overlap with PUCCH after successfully parsing the DCI.
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[bookmark: _Ref61796615]Figure 2. The overlapping between DG PUSCH with repetition and PUCCH
On the other hand, CG PUSCH is configured to repeat eight times in the Figure 3. In slot n+3, gNB transmits downlink data scheduled by DCI to override the CG repetition and the DCI schedules a PUCCH with HARQ-ACK information in slot n+7 as well. When UE starts to transmit the first repetition in slot n, it does not know the PUCCH would come in the slot of last repetition. Therefore, the repetitions before slot n+3 cannot be transmitted by the UE.
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[bookmark: _Ref61796911]Figure 3. The overlapping between CG PUSCH with repetition and PUCCH
The purpose to mandate MAC to generate a PDU if PUSCH overlaps with PUCCH is avoiding blind decoding by the gNB. Once the decision is made for one repetition, the following repetitions can apply the same way. So to avoid the problem for CG PUSCH in Figure 3, MAC could decide whether to deliver a PDU in the first PUSCH repetition. If there is overlapping with PUCCH for the first repetition of PUSCH a MAC PDU is generated and the UCI colliding with that PUSCH repetition is multiplexed on that PUSCH. 
For the second issue, it seems the PUSCH repetitions without overlapping is not needed to be transmitted, because the MAC PDU is generated for padding rather than a regular TB. However, the PHY of UE cannot tell the usage of the delivered MAC PDU, it cannot have different processes for the repetitions without overlapping from with the ones with overlapping. In other word, UE has to transmit all the needed repetitions regardless of overlapping with PUCCH. 
An additional point is for CG repetition, it is required the RV of CG first transmission should be zero in current spec. So it is proposed as following:
Proposal 3: For the Case 1-1~1-6when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when the PUSCH repetition is applied, if the first PUSCH repetition overlapping with PUCCH carrying UCI, all PUSCHs repetitions cannot be skipped and a MAC PDU is generated in MAC layer.
· For DG PUSCH, the first repetition is the first actual repetition.
· For CG PUSCH, the first repetition is the first repetition with RV=0
· Two PHY priority levels and LCH based prioritization 
As explained in section 2.2, the purpose to define overlapping rules for UL skipping scenario is mainly to have a definite UE behavior and to avoid gNB blind decoding. The rules for UL skipping need MAC deliver a padding MAC PDU to the PHY layer. However, considering channel prioritization rules in PHY and MAC, misalignment may happen. Also take the case 1-4 as an example in Figure 4, following the principle of UL skipping, DG PUSCH is not allowed to drop even there is no data for the PUSCH. On the contrary, as the requirements of channel prioritization, DG PUSCH should be dropped since CG PUSCH has higher priority than the DG. Similar situation if LCH based prioritization is applied. 
One possible solution for this dilemma is avoiding to configure these two features, UL skipping and HP/LP prioritization, simultaneously. The other way is prioritizing one rule over the other. The first solution could rule out the issue by the gNB implementation but would introduce additional configuration restrictions on gNB which is not desired. If the second way is went for, prioritizing the HP/LP comparison over UL skipping rules seems better, because the UL skipping overlapping rules may cause a high priority channel/transmission is cancelled by a low priority one, which violates the basic logic to process different services. 
 In our companion paper [2], more analysis in the URLLC cases are provided in further. Therefore, two options above can be further discussed and decided in RAN1.
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[bookmark: _Ref61803054]Figure 4. Case 1-4 with two priority levels configured in PHY 
Proposal 4: In Rel-16, flowing options can be considered to apply UL skipping feature and HP/LP prioritization are configured simultaneously:
· Option 1: It is not allowed to configure UL skipping feature and HP/LP prioritization simultaneously.
· Option 2: The rules to handle UL skipping of PUSCH overlapping with PUCCH is deprioritized by HP/LP prioritization.
Conclusions
Based on the discussion above, following proposal is obtained:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: For the Case 1-6 in Rel-16, for non-CA case, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, in case of one or more CG PUSCHs overlapping with UCI and there is DG PUSCH overlapping with the CG PUSCHs on a serving cell and not overlapping with the UCI, option 3 should be adopted.
Proposal 2: For the Case 1-6 in Rel-16, for CA case which DG and CG PUSCHs locate in different carriers, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, in case of one or more CG PUSCHs overlapping with UCI and there is DG PUSCH overlapping with the CG PUSCHs on a serving cell and not overlapping with the UCI, the rules for handling case 1-2 are reused.
Proposal 3: For the Case 1-1~1-6when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when the PUSCH repetition is applied, if the first PUSCH repetition overlapping with PUCCH carrying UCI, all PUSCHs repetitions cannot be skipped and a MAC PDU is generated in MAC layer.
· For DG PUSCH, the first repetition is the first actual repetition.
· For CG PUSCH, the first repetition is the first repetition with RV=0
Proposal 4: In Rel-16, flowing options can be considered to apply UL skipping feature and HP/LP prioritization are configured simultaneously:
· Option 1: It is not allowed to configure UL skipping feature and HP/LP prioritization simultaneously.
· Option 2: The rules to handle UL skipping of PUSCH overlapping with PUCCH is deprioritized by HP/LP prioritization.
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