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Introduction
[bookmark: _Hlk510705081]During RAN1#103-e, there had been two parallel email discussions on the Rel-16 UL skipping behavior where both email discussions did not fully clarify the related UE behavior for Rel-16: 
· [103-e-NR-7.1CRs-08] Discussions on PUSCH skipping (Rel-16) – Moderator: vivo
· This discussion focus on Rel-16 PUSCH skipping excluding cases where LCH prioritization or PHY prioritization (from Rel-16 URLLC/IIoT WIs) is configured
· The email discussion led to having an LS to RAN2 sent in R1- 2009772 [1], where in total from 6 identified scenarios the expected UL PUSCH skipping behavior is clarified to RAN2. Case 1-6 is still for discussion in RAN1.  
· [103-e-NR-L1enh-URLLC-07] Email discussion/approval on eCG enhancements – Moderator: vivo
· This email discussion initially only focused on a reply LS to RAN2 not including the PUSCH skipping, but then included also some discussions on PUSCH skipping considering PHY prioritization. 
· RAN1 sent an LS to RAN2 in R1-2009680 indicating that the discussions on the expected UE behavior in terms of PUSCH skipping is still for discussion in RAN1. 
· The final moderator summary of this email thread can be found in R1-2009684 [2]. 

We discuss the UL skipping behavior for PUSCH with UCI without LCH priority and PHY prioritization configured as a follow-up to the discussions in [103-e-NR-7.1CRs-08] in our companion contribution [3]. In this contribution, we discuss the UL skipping behavior for URLLC/IIoT, i.e. in case LCH prioritization and/or PHY prioritization is configured, as follows: 
· Section 2 gives a quick re-cap of the earlier discussions on the cases without LCH prioritization configured and a single PHY priority incl. an introduction on the 6 study cases as discussed in [103-e-NR-7.1CRs-08]
· Section 3 discusses the identified 6 cases when Rel-16 LCH based prioritization is configured and there is a single PHY priority for UL transmissions (i.e. UL skipping with LCH prioritization & single PHY priority)
· Section 4 discusses specifically the operation of PUSCH skipping if there is more than one PHY priority for UL transmissions (i.e. UL skipping with PHY priority handling)

Recap of UL skipping without LCH prioritization & single PHY priority (TEI-16, [103-e-NR-7.1CRs-08])
The LS to RAN2 in R1- 2009772 [1] clarified already 5 out of the 6 cases identified, which here are again shown in Figure 2.1 below. 
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Figure 2.1: Identified cases for handling for PUSCH skipping (without LCH priority, single PHY priority)
The LS clearly defines the behavior for case 1-1 in the RAN1 CR in R1-2009687 (attached to the LS) as well as cases 1-2, 1-3, 1-4 and 1-5. The LS clearly states that case 1-6 still needs further RAN1 consideration based on the following RAN1 working assumption: 
	Working Assumption:
For the case (Case 1-6) when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH
· 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
· 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.
Note: In RAN1#104-e, aim to resolve case 1-6 using above options as a starting point, other options are not precluded.



Therefore, RAN1 would only need to still decide on the behavior for case 1-6, i.e. to adopt either Opt-3 of allowing UCI transmission of UCI on PUCCH or Opt-4 of dropping the PUCCH carrying UCI. As discussed in our companion contribution in [3], we propose to adopt Opt-3 to prevent unnecessary UCI (especially HARQ-ACK dropping). Therefore, the overall PUSCH skipping behavior for these cases assuming adoption of Opt-3 can be summarized in table 2.1 below: 
Table 2.1: Summary of PUSCH skipping behaviour without LCH priority and single PHY priority:
	Case
	PUSCH skipping behaviour

	Case 1-1
	Generate PDU for DG PUSCH (no UL skipping) (1)

	Case 1-2
	Generate PDU for CG PUSCH (no UL skipping) (2)

	Case 1-3
	Generate PDU for DG PUSCH (no UL skipping), CG PUSCH overwritten by DG PUSCH (invalid grant, no PDU generated) (2)

	Case 1-4
	Generate PDU for DG PUSCH (no UL skipping), CG PUSCH overwritten by DG PUSCH (invalid grant, no PDU generated) (2)

	Case 1-5
	Generate PDU for DG PUSCH (no UL skipping), CG PUSCH may be skipped (2)

	Case 1-6
	DG PUSCH may be skipped and UCI is transmitted on PUCCH, CG PUSCH overwritten by DG PUSCH (not valid, no PDU generated) (3)


(1) Based on RAN1 CR in R1-2009687
(2) Based on RAN1 LS in R1- 2009772
(3) Based on Nokia proposal in [3] to adopt Opt-3
We would like to note here, that the outcome of the RAN1 discussions on the UE behavior for case 1-6 with no LCH prioritization and single PHY priority (i.e. do we allow the UCI to be transmitted on PUCCH or not) will also impact the discussions for URLLC /IIoT as shown in the following sections, as the cases there could be rather often mapped to the baseline Case 1-1 to 1-6 behavior without LCH/PHY prioritization. Therefore, the decision in the Rel-15 maintenance discussions will also have an effect on the related discussions here. 
Observation 2.1: The outcome of the pending RAN1 decision on the UE behavior for case 1-6 for PUSCH skipping without LCH prioritization & single PHY priority (of AI 7.1) will affect the related discussions for URLLC / IIoT. Therefore, having the behavior in AI 7.1 clarified as early as possible during RAN1#104-e seems essential for the related URLLC/IIoT progress. 
In the remainder of this document, we assume Opt-3 of allowing PUCCH with UCI to be transmitted for case 1-6 to be adopted.

UL skipping with LCH prioritization & single PHY priority (Rel-16 IIoT WI, LCH prioritization)
The case of PUSCH skipping with LCH prioritization has not been discussed at all in RAN1, as the TEI-16 email thread focused only on the case without LCH prioritization and the Rel-16 URLLC/IIoT WI maintenance mainly focused on the PHY prioritization issues. 
Overall, the same cases as for the TEI-16 are applicable but the LCH priority needs to be considered. For reference we again post the cases here in Figure 3.1, but for some cases some sub-cases need to be considered:
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Figure 3.1: Identified cases for handling for PUSCH skipping (with LCH priority, single PHY priority)
First of all, even though LCH priority is configured, it could be that the same LCH priority is configured for the DG PUSCH and the CG PUSCH for the considered cases. Clearly, in this case the LCH prioritization is not applicable and the same handling as for the case of LCH priority is not configured should be applied. 
Observation 3.1: For the case of same LCH priority of DG PUSCH and CG PUSCH for the considered cases (1-1 to 1-6), the PHY prioritization is not applicable and as a consequence the same behaviour as for LCH priority not configured can be directly applied.  

For the cases of the CG PUSCH and the DG PUSCH having different LCH priority, we discuss the handling below case by case: 
Case 1-1: As there is only a single PUSCH grant available (i.e. no overlapping PUSCH grants), the LCH prioritization is not applicable and the same rules as for the case without LCH priority configured should be applied. 
Case 1-2: As for Case 1-1, there is only a single PUSCH grant available (i.e. no overlapping PUSCH grants). The LCH prioritization is therefore not applicable and the same rules as for the case without LCH priority configured should be applied. 
Case 1-3: In contrast to the handling without LCH priority, the DG PUSCH grant is not automatically overriding the CG PUSCH as the LCH priority needs to be considered, so in principle both grants are valid and one of them may be used by the gNB if either one or both having data in the buffer, which falls back to either Case 1-1 or 1-2. If there is no data in the buffer for either of the PUSCH grants there is then actually no LCH priority associated with this PUSCH grants and this results in exactly the same situation as for Case 1-3 without LCH priority configured in the previous section (i.e. Rel-15 / TEI-16). Therefore, the same behaviour as for Case 1-3 of LCH priority being not configured should be applied, i.e. MAC should deliver a PDU for the DG PDSCH.   
Case 1-4: For this case with CG and DG PUSCH having different LCH priority, different sub-cases need to be considered
· Case 1-4a - there is data in the buffer for one or both PUSCH grants: MAC will operate LCH prioritization operation and deliver the MAC PDU for the PUSCH grant with higher LCH priority (if both have valid data) or for the PUSCH grant where data is available (if there is data available in the buffer only for one of the grants). 
· Case 1-4a1 - PDU is delivered for the DG PUSCH: PHY will multiplex the UCI on the DG PUSCH and transmit the DG PUSCH including the UCI. 
· Case 1-4a2 – PDU is delivered for the CG PUSCH: This case will result in the same situation as for Case 1-6 for no LCH priority and the options are the same here as well – to either drop the UCI or transmit the PUCCH. The same handling should be applied here as for Case 1-6 without LCH priority, which based on our proposal to adopt Opt-3 in [3] would mean the UE should transmit the UCI on PUCCH.  
Thus, our proposed behaviour is the following: UE to transmit UCI on PUCCH (same as for Case 1-6 without LCH priority)
· Case 1-4b – there is no data in the buffer for either of the PUSCH grants: As both PUSCH grants have no data in the buffer, clearly the CG PUSCH can be skipped as it is not overlapping with a PUCCH. So, the remaining situation then very much corresponds to Case 1-2 (DG PUSCH without data overlapping with PUCCH), where the MAC should generate a PDU for the DG PUSCH and UCI is multiplex on that one.  
Case 1-5: As for Case 1-1 & Case 1-2, there are no overlapping PUSCH grants. The LCH prioritization is therefore not applicable (i.e. having no effect) and the same rules as for the case without LCH priority configured should be applied for Case 1-5. 
Case 1-6: Case 1-6 actually is logically the same as Case 1-4, by replacing CGDG and DG CG. Therefore, the discussions and the behaviour discussed there applies for Case 1-6 as well, exchanging CG PUSCH with DG PUSCH.

Proposal 3.1: In Rel.16, for non-CA case, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, 
· MAC step 1: Operate LCH prioritization as defined in the Rel-16 IIoT WI, i.e. deliver a PDU of the highest LCH priority for a PUSCH grant which data is available in the buffer and regard other overlapping PUSCH grants as invalid (discard)
· MAC step 2: For the remaining (valid / not-discarded) CG or DG PUSCH grants having no data in the buffer, 
· If there is a PUCCH overlapping only with a single PUSCH grant, deliver a PDU for the overlapping PUSCH grant. 
· If there is a PUCCH overlapping with more than one PUSCH grant and the more than one PUSCH grants are non-overlapping, deliver a PDU for the earliest (CG or DG) PUSCH grant overlapping with the PUCCH. 
· If there is a PUCCH overlapping with a CG and DG PUSCH grant and the CG and DG PUSCH grants are overlapping, deliver a PDU for the DG PUSCH grant. 
· PHY behaviour:
· If MAC delivers a PDU for a CG or DG PUSCH overlapping in time with a PUCCH carrying UCI, transmit the PUSCH and map the UCI on the PUSCH. 
· Otherwise, transmit the PUCCH carrying UCI (based on Opt-3 for case 1-6). 


UL skipping with two PHY priorities 
(Rel-16 IIoT & URLLC WIs – forward compatibility to Rel-17 URLLC/IIoT WI) 
When looking at the case of PHY prioritization, the number of potential cases to be considered is even larger as there could be a combination of different LCH & PHY priorities of (CG & DG) UL grants as well different PHY priorities of the PUCCH carrying UCI. But one should note here, that when there is data in the UL buffer MAC will perform the LCH prioritization without considering the PHY priority. This will simplify things a bit in the discussions here, also when considering the first MAC step with LCH prioritization is basically independent of any PHY priority. Therefore, clearly the LCH prioritization is operated first, and we only then can consider cases where actually no PDU was delivered – i.e. also for this case, we can focus basically on MAC step 2 – i.e. cases where there are still valid (non-discarded) PUSCH grants available. 
Looking at the supported overlapping cases for PUSCH of different PHY priorities in Rel-16 the supported cases need to be considered: 
1. Overlapping HP DG PUSCH and LP DG PUSCH is not supported
· Related RAN1#99 Conclusion: In Rel. 16 URLLC, the UE is not expected to be scheduled with two DG-PUSCH overlap in the time domain on the same carrier.
2. HP CG PUSCH and LP CG PUSCH can be overlapping and MAC may deliver more than one PDU, it is up to UE implementation to make sure that the low priority CG PUSCH transmission can be cancelled before the start of the high priority CG PUSCH.
· Related RAN1#101-e Agreement: For collision handling between CG and CG with different priorities - If MAC delivers two MAC PDUs, it is up to UE implementation to make sure that the low priority CG PUSCH transmission can be cancelled before the start of the high priority CG PUSCH
3. Overlapping of DG PUSCH and CG PUSCH of different PHY priority is supported, if the Rel-15 overriding timeline is satisfied (i.e. only a single MAC PDU will be delivered, no PHY cancelation)
· Related RAN1#101-e Conclusion: There is no consensus in RAN1 for the support of the following
· high priority DG cancel the transmission of low priority CG in the physical layer
· high priority CG cancel the transmission of low priority DG in the physical layer
No further discussion for Rel-16.
· Related RAN1#102-e Conclusion: For the collision between DG PUSCH and CG PUSCH with different priorities, the DG PUSCH can be scheduled overlapping in time with CG PUSCH occasion if Rel-15 timeline satisfies. 

As a consequence, there are some specific difference when considering two PHY priorities for PUCCH/PUSCH: MAC may deliver the PDUs for more than one overlapping CG PUSCH on a serving cell and PHY will perform PHY prioritization by cancelling the LP PUSCH/PUCCH at latest before the start of the HP PUCCH/PUSCH. 
During the Rel-16 maintenance email discussion on URLLC, two interesting scenarios sketched in Figure 4.1 have been brought up. 
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Figure 4.1: Identified cases for handing for PUSCH skipping considering different PHY priorities in Rel-16

Let’s now again take a close look at the Rel-16 operation case by case below: 
Case 4-1: Clearly based on the PHY priority agreements, only one PDU can be created by MAC again resulting in a similar situation as Case 1-6 for no LCH & PHY priority. The same handling could be applied there, i.e. LP PUCCH could be transmitted if no MAC PDU delivered for DG PUSCH. If PUSCH skipping for the DG PUSCH is supported needs separate consideration (see below). 
Case 4-2: Also in this case, at maximum one PDU can be created by MAC and clearly in this scenario preventing the transmission of a PUCCH with UCI would result in rather big inefficiencies (unnecessary UCI dropping), as discussed for the cases below:
· Case 4-2a: MAC has data for the HP CG PUSCH available and delivers the PDU: DG PUSCH cannot be transmitted as no MAC PDU can be delivered. Therefore, to not lose the LP UCI unnecessarily the PUCCH transmission should be allowed (this results in the same as Case 4-1). 
· Case 4-2b – MAC has no data for the HP CG PUSCH available but would have data for the LP CG PUSCH: If PUCCH transmission would not be allowed, MAC actually would need to deliver the MAC PDU for the HP CG PUSCH to guarantee the LP UCI to be transmitted – resulting in unnecessary dropping of LP UCI as well as losing the option of having the LP PUSCH transmitted (resulting in reduced eMBB PHY throughput). Therefore, we suggest also for this case that PUCCH transmission should be supported. 
· Case 4-2c – MAC has no data available for either grant: If also for PHY prioritization a MAC PDU would need to be delivered for a PUSCH overlapping with a PUCCH, MAC should deliver a PDU for HP CG PUSCH to prevent HP UCI dropping and LP UCI would be dropped. We think that requiring in case of PHY prioritization to deliver a MAC PDU in case overlapping PUCCH clearly will create additional issues and unnecessary additional UCI dropping. 
Case 4-3: In this case MAC may deliver two PDUs but the UE is to guarantee the cancelation of the LP CG PUSCH before the start of the HP CG PUSCH. If there would be a need to deliver a PDU although there is no data in the buffer, this would lead for this case again to unnecessary LP UCI dropping, as the UE will first map the UCI on the LP DG PUSCH which is then cancelled or not transmitted. Therefore, at least for this case requiring a PDU to be delivered although there is no data in the buffer will lead to extreme inefficiencies. 


Observation 4.1: Requiring MAC to deliver a PDU for a PUSCH grant having an overlapping PUCCH on the same serving cell (i.e. PUSCH cannot be skipped) with Rel-16 PHY prioritization will lead to unnecessary UCI dropping as well as resulting in lower (LP) eMBB PHY throughput.  

But when taking the decision on the operation of UL skipping with PHY prioritization, one should also consider the Rel-17 forward compatibility. In Rel-17, based on agreements from RAN1#102-e and RAN1#103-e, PHY prioritization of CG and DG PUSCH of different priorities is supported. So many more cases need to be considered, just some examples shown in Figure 4.2, where for the overlapping cases MAC may deliver PDUs for each overlapping grant for the cases of CG vs CG and DG vs CG, similar as for Case 4-3 above. Moreover, now in addition considering the Rel-17 intra-UE multiplexing enhancements (single example shown in Figure 4.3 below) allowing to multiplex LP and HP UCI on the same channel will create additional complications and inefficiencies if (i) it will still be required that a MAC PDU needs to be generated for a PUSCH overlapping PUCCH (i.e. which one if more than one is overlapping and multiplexing is allowed e.g.in Figure 4.3) and (ii) a PUCCH is not transmitted is not transmitted if no PDU is delivered for an overlapping PUSCH.      
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Figure 4.2: Example cases for handing for PUSCH skipping considering PHY prioritization in Rel-17
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Figure 4.3: Example case for Rel-17 Intra-UE multiplexing enhancements

Observation 4.2: Requiring MAC to deliver a PDU for a PUSCH grant having an overlapping PUCCH on the same serving cell (i.e. PUSCH cannot be skipped) with Rel-17 PHY prioritization and Rel-17 intra-UE multiplexing enhancements of different priorities will lead to unnecessary UCI or PUSCH dropping and will complicate the specifications unnecessarily for the needed special handling of cases to be still identified. 


Therefore, considering the potential unnecessary UCI and /or PUSCH dropping (of LP UCI in Rel-16, potentially also HP UCI in case of Intra-UE multiplexing enhancements in Rel-17) as well as the specification complexity (needed handling of all cases to be identified, number of cases exploding for Rel-17 URLLC/IIoT), it is proposed to not require a MAC PDU to be delivered to PHY if two PHY priorities are configured and the PUCCH carrying UCI to be transmitted by the UE. 

Proposal 4.1: If two PHY priorities are configured, the UE may skip CG PUSCH and DG PUSCH (when DG PUSCH skipping is configured) also in case the CG or DG PUSCH is overlapping with a PUCCH of the same PHY priority. The PUCCH carrying UCI overlapping with a skipped CG or DG PUSCH is considered in the PHY prioritization operation and can be transmitted. 
· MAC operation: Deliver PDUs for PUSCH grants if having data available with the limitations of the Rel-16 intra-UE multiplexing / prioritization framework. PUSCH grants applicable for PUSCH skipping and having no data in the buffer can be skipped, i.e. no PDU is delivered for such PUSCH grants. 
· PHY operation: Only consider CG or DG PUSCH grants having a PDU delivered by higher layers in the Rel-16 PHY intra-UE multiplexing / prioritization operation.
· This includes the transmission of a PUCCH carrying UCI having an overlap with a skipped PUSCH of the same priority  

  

Conclusion
In this contribution we discuss the identified issues for support or at least study based on the RAN1#102-e agreements. 
The discussions in Sec. 2 on the recap of PUSCH skipping without LCH priority configured and single PHY priority (TEI-16) and its relation the URLLC/IIoT discussions can be summarized in the following related observation: 
Observation 2.1: The outcome of the pending RAN1 decision on the UE behavior for case 1-6 for PUSCH skipping without LCH prioritization & single PHY priority (of AI 7.1) will affect the related discussions for URLLC / IIoT. Therefore, having the behavior in AI 7.1 clarified as early as possible during RAN1#104-e seems essential for the related URLLC/IIoT progress. 
 
The discussions in Sec. 3 on PUSCH skipping with LCH priority configured and single PHY priority (Rel-16 IIoT WI) can be summarized in the following related observations and proposals: 
Observation 3.1: For the case of same LCH priority of DG PUSCH and CG PUSCH for the considered cases (1-1 to 1-6), the PHY prioritization is not applicable and as a consequence the same behaviour as for LCH priority not configured can be directly applied.  
Proposal 3.1: In Rel.16, for non-CA case, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, 
· MAC step 1: Operate LCH prioritization as defined in the Rel-16 IIoT WI, i.e. deliver a PDU of the highest LCH priority for a PUSCH grant which data is available in the buffer and regard other overlapping PUSCH grants as invalid (discard)
· MAC step 2: For the remaining (valid / not-discarded) CG or DG PUSCH grants having no data in the buffer, 
· If there is a PUCCH overlapping only with a single PUSCH grant, deliver a PDU for the overlapping PUSCH grant. 
· If there is a PUCCH overlapping with more than one PUSCH grant and the more than one PUSCH grants are non-overlapping, deliver a PDU for the earliest (CG or DG) PUSCH grant overlapping with the PUCCH. 
· If there is a PUCCH overlapping with a CG and DG PUSCH grant and the CG and DG PUSCH grants are overlapping, deliver a PDU for the DG PUSCH grant. 
· PHY behaviour:
· If MAC delivers a PDU for a CG or DG PUSCH overlapping in time with a PUCCH carrying UCI, transmit the PUSCH and map the UCI on the PUSCH. 
· Otherwise, transmit the PUCCH carrying UCI (based on Opt-3 for case 1-6). 

The discussions in Sec. 4 on PUSCH skipping with PHY prioritization (Rel-16 IIoT  & URLLC WIs – forward compatibility to Rel-17 intra-UE multiplexing & prioritization enhancements) can be summarized in the following related observations and proposals: 
Observation 4.1: Requiring MAC to deliver a PDU for a PUSCH grant having an overlapping PUCCH on the same serving cell (i.e. PUSCH cannot be skipped) with Rel-16 PHY prioritization will lead to unnecessary UCI dropping as well as resulting in lower (LP) eMBB PHY throughput.  

Observation 4.2: Requiring MAC to deliver a PDU for a PUSCH grant having an overlapping PUCCH on the same serving cell (i.e. PUSCH cannot be skipped) with Rel-17 PHY prioritization and Rel-17 intra-UE multiplexing enhancements of different priorities will lead to unnecessary UCI or PUSCH dropping and will complicate the specifications unnecessarily for the needed special handling of cases to be still identified. 

Proposal 4.1: If two PHY priorities are configured, the UE may skip CG PUSCH and DG PUSCH (when DG PUSCH skipping is configured) also in case the CG or DG PUSCH is overlapping with a PUCCH of the same PHY priority. The PUCCH carrying UCI overlapping with a skipped CG or DG PUSCH is considered in the PHY prioritization operation and can be transmitted. 
· [bookmark: _GoBack]MAC operation: Deliver PDUs for PUSCH grants if having data available with the limitations of the Rel-16 intra-UE multiplexing / prioritization framework. PUSCH grants applicable for PUSCH skipping and having no data in the buffer can be skipped, i.e. no PDU is delivered for such PUSCH grants. 
· PHY operation: Only consider CG or DG PUSCH grants having a PDU delivered by higher layers in the Rel-16 PHY intra-UE multiplexing / prioritization operation.
· This includes the transmission of a PUCCH carrying UCI having an overlap with a skipped PUSCH of the same priority  
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