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1	Introduction
In this contribution, we discuss the issues related to intra-UE multiplexing and prioritization for Rel-16 URLLC.
2	LCH based prioritization and UL skipping
In RAN2#113-e, the following working assumption was made:
	· [bookmark: _Hlk63275319][019] Working assumption: The MAC entity does not generate a MAC PDU for a deprioritized uplink grant even when its associated PUSCH is overlapping with PUCCH. This working assumption is not agreed until confirmed by RAN1.



In RAN2#113bis-e, the agreement below was made:
	· Confirm the WA that LCH based prio has higher priority than UL skipping still applies, and we expect that if there are issues, RAN1 will come-back.



In our view, the WA above departs from the principle that the PUSCH with UCI multiplexing cannot be skipped. This principle is necessary for minimizing the blind decoding of PUSCH with UCI multiplexing, and it is the motivation for the batch of RAN1 Rel-16 agreements on PUSCH skipping with UCI when LCH prioritization is not configured. The WA would bring back the clearly identified issue of PUSCH blind decoding. 
For the case of DG-PUSCH overlap with DG-PUSCH on the same carrier, RAN1 has concluded that the UE is not expected to be scheduled with two DG-PUSCH overlap in the time domain on the same carrier. Hence two overlapping DG-PUSCH are possible only in CA case. Thus, for DG-vs-DG PUSCH case, LCH based prioritization is not relevant.
For the cases of DG-PUSCH overlap with CG-PUSCH on the same carrier, or CG-PUSCH overlap with CG-PUSCH on the same carrier:  since lch-basedPrioritization configured, MAC may prioritize one of the overlapping grants depending on many factors including LCH priority, buffer status, etc. Thus MAC generate at most one PDU for PHY, and it is not deterministic which grant will be provided with a PDU. The discussion below focuses on DG-vs-CG, with the understanding that the same situation applies to CG-vs-CG.
(A). If LCH based prioritization has higher priority than UL skipping, then LCH based prioritization is performed as is, and UL skipping requirement is covered only at the end of MAC procedure. Thus LCH based prioritization can prioritize either of the overlapping grant according to many factors including LCH priority, buffer status, etc. For example, a grant with no data for logical channels is given the lowest priority and does not obtain a MAC PDU according to the specification text in 38.321 section 5.4.1:
“The priority of an uplink grant for which no data for logical channels is multiplexed or can be multiplexed in the MAC PDU is lower than either the priority of an uplink grant for which data for any logical channels is multiplexed or can be multiplexed in the MAC PDU or the priority of the logical channel triggering an SR.”  
Thus PHY needs to handle two different PUCCH/PUSCH multiplexing scenarios, depending on which grant receives a PDU. This is illustrated with an example below. 
· In Figure 1(A), MAC does not generate a PDU for CG PUSCH 1 (e.g., due to no data), thus DG PUSCH 1 is a prioritized grant and a PDU is generated for it. The multiplexing scenario to be handled by PHY is shown on the right hand side. When applying the multiplexing/prioritization procedure at PHY, the PUCCH (LP) is multiplexed onto DG PUSCH 1 on carrier 1, and the PUCCH (HP) is multiplexed onto CG PUSCH 2 on carrier 3.
· In Figure 1(B), MAC generate a PDU for CG PUSCH 1, thus DG PUSCH 1 is not a prioritized grant and does not obtain a PDU.  The multiplexing scenario to be handled by PHY is shown on the right hand side. Due to UL skipping requirement, DG PUSCH 2 is expected to be multiplexed with UCI and MAC generates a PDU for DG PUSCH 2. PUCCH (LP) is multiplexed onto DG PUSCH 2 on carrier 2, and the PUCCH (HP) is multiplexed onto CG PUSCH 1 on carrier 1.

The demand to handle multiple possible multiplexing/prioritization outcomes in each slot significantly increases the processing burden for both UE and gNB, and should not be specified.
[bookmark: _Toc71662649]If LCH based prioritization has higher priority than UL skipping, multiple possible multiplexing/prioritization outcomes exist in each slot. This significantly increases the processing burden for both UE and gNB.
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Figure 1(A). If LCH based prioritization has higher priority than UL skipping, and MAC generates a PDU for DG PUSCH1, and does not generate a PDU for CG PUSCH 1.
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Figure 1(B). If LCH based prioritization has higher priority than UL skipping, and MAC does not generate a PDU for DG PUSCH1, and but generate a PDU for CG PUSCH 1.

(B). Alternatively, if UL skipping has higher priority than LCH based prioritization, then UL grants expected to have UCI multiplexing are given the highest priority even if there is no data for the logical channel. In this case, the outcome is deterministic.  Both UE and gNB only need to handle one multiplexing/prioritization outcome in a slot. 
This is illustrated with the example in Figure 2, which have the same set of scheduled grants as in Figure 1. Since UL skipping has higher priority than LCH based prioritization, both CG PUSCH 1 and DG PUSCH 1 are given highest LCH priority, where both are candidates for UCI multiplexing due to PUCCH (HP) and PUCCH (LP), respectively. In the subsequent step, CG PUSCH 1 (high PHY priority) is deemed a prioritized grant, while DG PUSCH 1 (low PHY priority)  is not a prioritized grant since it cannot be transmitted by PHY due to its lower PHY priority. Thus MAC generates a PDU for CG PUSCH 1, and does not generate a PDU for DG PUSCH 1. Due to UL skipping requirement, DG PUSCH 2 is expected to be multiplexed with UCI (PUCCH (LP)) and MAC generates a PDU for DG PUSCH 2. PUCCH (LP) is multiplexed onto DG PUSCH 2 on carrier 2, and the PUCCH (HP) is multiplexed onto CG PUSCH 1 on carrier 1.
[bookmark: _Toc71662650]If UL skipping has higher priority than LCH based prioritization, multiplexing/prioritization outcome is deterministic in each slot. This is necessary to control processing burden for both UE and gNB.
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Figure 2. If UL skipping has higher priority than LCH based prioritization, the behavior is deterministic.

Thus, RAN1 should point out the need of deterministic processing to RAN2, and change the RAN2 WA to: UL skipping has higher priority than LCH based prioritization.
[bookmark: _Toc71662652]If UL skipping and intra-UE prioritization need to be supported simultaneously in Rel-16, RAN1 notify RAN2 that it is necessary to specify: UL skipping has higher priority than LCH based prioritization.

As an alternative, it is also acceptable that RAN1 and RAN2 conclude that Rel-16 does not support a simultaneous configuration of the Rel-16 UL skipping and intra-UE prioritization. This is due to the complexity of the issue and the prolonged LS exchange and coordination between RAN1 and RAN2. Thus we can accept the following proposal: 
[bookmark: _Toc71662653]RAN1 notify RAN2 that it is acceptable: Rel-16 does not support a simultaneous configuration of the Rel-16 UL skipping and intra-UE prioritization.
[bookmark: _Ref178064866]3	Design principles for intra-UE multiplexing/prioritization with uplink skipping 
It is observed that intra-UE prioritization is a difficult topic with many corner cases, and it is ineffective to discuss all possible scenarios one by one. It is much more efficient to adopt a design principle applicable to all cases, compared to discussion of all scenarios one by one. Therefore, in this section we propose those principles.
In Rel-16, even though prioritization between two different PHY priority levels is specified, for a given PHY priority (either high or low), multiplexing of PUCCH and PUSCH of a given PHY priority is performed as if signals/channels of the other PHY priority do not exist.
Specifically, the set of rules to select a grant for UCI multiplexing is captured in 38.213 Section 9 when two or more PUSCH overlaps with PUCCH. For a given PHY priority level, existing rule of determining the PUSCH to multiplex with UCI applies, if the PUCCH and PUSCH(s) overlaps. Both gNB and UE have sufficient information to determine which PUSCH is to be multiplexed with UCI for the given PHY priority level, even when considering the prioritization between two PHY priority levels. 
In last few RAN1 meetings, a batch of decisions were made under Rel-15 maintenance where a UL grant (either CG or DG) cannot be skipped if the PUSCH is expected to have UCI multiplexing. The fundamental principle is to avoid hypothesis testing of PUSCH-UCI multiplexing due to UE internal procedure (MAC) of generating a TB or not for a given PUSCH. In Rel-16 URLLC discussion, the same rationale for not skipping a PUSCH with UCI multiplexing still applies, i.e., it should be deterministic which PUSCH is expected to have UCI multiplexing, and both UE and gNB are not required to checking multiple hypothesis if the UCI overlaps with multiple PUSCHs. This is helpful to both UE implementation and gNB implementation, especially when considering CA cases where multiple PUSCHs may exist over multiple carriers.

Compared to the simpler case of no intra-UE prioritization, the procedure with intra-UE prioritization can be updated as follows while satisfying the requirement of deterministic PUSCH-UCI multiplexing. For a given PHY priority level, the PUSCH (DG or CG) expected to have UCI multiplexing is determined and labeled as PUSCH#0. The UCI is not to be multiplexed with a different PUSCH other than PUSCH#0. The UCI is either multiplexed with PUSCH#0 or transmitted via PUCCH, but not to be multiplexed a different PUSCH.

[bookmark: _Toc61891476][bookmark: _Toc71662654]For a given PHY priority level, the PUSCH#0 (DG or CG) expected to have UCI multiplexing is determined. The UCI is either multiplexed with PUSCH#0 or transmitted via PUCCH, but not to be multiplexed with another PUSCH.

When overlapping PUSCH transmissions exist, regardless of the various combinations of DG and CG, or CG and CG, PHY expects that a TB is generated and transmitted for at most one grant, and the other grant is discarded. Indeed, physical layer specification does not handle intra-UE prioritization among overlapping UL grants. Thus, for any UL grant (i.e., DG-PUSCH or CG-PUSCH), if MAC does not generate a TB for a grant, then the PUSCH is discarded and does not participate in subsequent physical layer procedure, e.g., no UCI is to be multiplexed with the discarded PUSCH.
Based on the discussion above, we have the following proposal.

[bookmark: _Toc61891477][bookmark: _Toc71662655]For any UL grant (i.e., DG-PUSCH or CG-PUSCH), if MAC does not generate a TB for a grant, then the PUSCH is discarded and does not participate in subsequent physical layer procedure.

Further analysis of different scenarios has been made in our previous paper [3].
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	If LCH based prioritization has higher priority than UL skipping, multiple possible multiplexing/prioritization outcomes exist in each slot. This significantly increases the processing burden for both UE and gNB.
Observation 2	If UL skipping has higher priority than LCH based prioritization, multiplexing/prioritization outcome is deterministic in each slot. This is necessary to control processing burden for both UE and gNB.


Based on the discussion in the previous sections we propose the following:
Proposal 1	If UL skipping and intra-UE prioritization need to be supported simultaneously in Rel-16, RAN1 notify RAN2 that it is necessary to specify: UL skipping has higher priority than LCH based prioritization.
Proposal 2	RAN1 notify RAN2 that it is acceptable: Rel-16 does not support a simultaneous configuration of the Rel-16 UL skipping and intra-UE prioritization.
Proposal 3	For a given PHY priority level, the PUSCH#0 (DG or CG) expected to have UCI multiplexing is determined. The UCI is either multiplexed with PUSCH#0 or transmitted via PUCCH, but not to be multiplexed with another PUSCH.
Proposal 4	For any UL grant (i.e., DG-PUSCH or CG-PUSCH), if MAC does not generate a TB for a grant, then the PUSCH is discarded and does not participate in subsequent physical layer procedure.
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