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1	Introduction
In this contribution, we discuss the issues related to intra-UE multiplexing and prioritization for Rel-16 URLLC.
[bookmark: _Ref178064866]2	Design 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.

[bookmark: _Toc61891473]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. Thus, 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, when not considering the prioritization between two PHY priority levels. 
In last two 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 helpful to both UE implementation and gNB implementation. 

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. If PUSCH#0 is not dropped in intra-UE prioritization procedure, then the UCI is multiplexed onto PUSCH#0 for transmission. On the other hand, if PUSCH#0 is dropped in intra-UE prioritization procedure, then the UCI is transmitted via PUCCH.

[bookmark: _Toc61891476]For a give PHY priority level, the PUSCH#0 (DG or CG) expected to have UCI multiplexing is determined as if signals/channels of the other PHY priority do not exist. The UCI is either multiplexed with PUSCH#0 or transmitted via PUCCH, but not to be multiplexed a different PUSCH. 

When there exist overlapping PUCCH transmissions, regardless of the various combinations of DG and CG, PHY expects that a TB is generated 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]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. 

3	Scenarios and Related Processing
Considering both MAC lch-basedPrioritization configuration and physical layer priorities, there are a total of four scenarios:
1) lch-basedPrioritization NOT configured, and SINGLE PHY priorities for UL transmission
2) lch-basedPrioritization NOT configured, and TWO PHY priorities for UL transmission
3) lch-basedPrioritization configured, and SINGLE PHY priorities for UL transmission
4) lch-basedPrioritization configured, and TWO PHY priorities for UL transmission
Scenario 1) is under ongoing discussion in agenda item 7.1 (NR Maintenance of Rel-15), hence not included in this contribution (See [5] instead).
Scenario 2)-4) are discussed in the subsections below. Overall, our main goal is to design simple and clear rules reusable in many PUSCH/PUCCH combinations, and at the same time to minimize specification impact considering both MAC and PHY procedures.
3.1	lch-basedPrioritization not configured, and two PHY priorities for UL transmission
For this scenario, since lch-basedPrioritization not configured, MAC behavior is the same as in Rel-15. That is, for overlapping DG/CG of the same/different PHY priority, DG always overrides CG. Only one transport block is delivered to PHY, PHY transmit on the grant (i.e., DG in this case) for which a transport block is delivered, and skip the transmission on the other grant (i.e., CG in this case).

[bookmark: _Toc61891478]If lch-basedPrioritization not configured, existing MAC procedure applies, i.e., DG always overrides CG for overlapping DG/CG of the same/different PHY priority.

3.2	lch-basedPrioritization configured and a single PHY priority for UL transmission
For this scenario, since lch-basedPrioritization configured, MAC may prioritize DG or CG depending on many factors (e.g., MAC LCH priority, buffer status, etc), i.e., DG is not always prioritized over CG. The only exception is, if a dynamic grant PUSCH#0 is expected to have UCI multiplexed on it, then this dynamic grant should be kept so that there is no ambiguity about which PUSCH has the UCI multiplexed. In other words, the MAC LCH prioritization procedure should not prioritize a CG over DG of PUSCH#0, even if the CG may have a higher LCH priority. 
The same principle should be applied if CG is expected to have UCI multiplexed. In this case CG PUSCH should have highest priority and be prioritized over other grants.

[bookmark: _Toc61891479]If lch-basedPrioritization configured and a single PHY priority for UL transmission, the PUSCH#0 (DG or CG) expected to have UCI multiplexing is determined. UL grant of PUSCH#0 is prioritized in LCH prioritization. The UCI is multiplexed with PUSCH#0 for transmission.

This can be realized by defining that the UL-skipping condition related with UCI takes precedence over the LCH-based grant prioritization. This can be easily realized by a MAC specification change [6], where the priority of an uplink grant for which there is UCI to be multiplexed is higher than the priority of any uplink grant which does not have UCI to be multiplexed.
As demonstrated in the example below [6], if the proposal above avoids hypothesis testing of which PUSCH has UCI multiplexed, since both gNB and UE knows that only (b) applies. If not following proposal 4, both gNB and UE need to consider (a) also since it is possible that LCH prioritization gives the DG PUSCH higher LCH priority than the earlier CG PUSCH. 
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(a) Hypothesis testing 1					(b) Hypothesis testing 2

Figure 1. Example of hypothesis testing of which PUSCH has UCI multiplexed, if PUSCH#0 is not first determined and ensured of transmission according to Proposal 4.

 3.3	lch-basedPrioritization configured and two PHY priorities for UL transmission
For this scenario, since lch-basedPrioritization configured, MAC may prioritize DG or CG depending on many factors (e.g., MAC LCH priority, buffer status, etc), i.e., DG is not always prioritized over CG. 
Same principle as in Section 3.2 can be reused within one priority, but additionally, one more step is needed to resolve collision between priorities. Once MAC and PHY layer agree on a grant to send for one PHY priority level, then PHY layer check whether it is possible to send the PUSCH of low PHY priority (PUSCH (LP)), considering the PHY intra-UE prioritization procedure. If the PUSCH (LP) cannot be transmitted due to PHY procedure (i.e., overlapping with high priority PUCCH or PUSCH), then MAC does not generate a TB for PUSCH (LP). The PUSCH (LP) is discarded and does not participate in subsequent PHY procedure, e.g., no performing the multiplexing of UCI and PUSCH. This is necessary for handling the case where two grants overlap, and both grants are expected to have UCI multiplexing (see Figure 6).

[bookmark: _Toc61891480]If lch-basedPrioritization configured and two PHY priorities for UL transmission, the PUSCH (HP) #0 and/or PUSCH (LP) #0 expected to have UCI multiplexing is determined. UL grant of PUSCH (HP) #0 and PUSCH (LP) #0 are prioritized in LCH prioritization. Physical layer intra-UE prioritization is applied afterwards to determine if PUSCH (LP) #0 is kept or discarded. 

It is observed that Proposal 5 is consistent with design principles in Proposal 1 and 2. Proposal 5 also avoids hypothesis testing as illustrated in Figure 1, since MAC procedure (internal to UE) cannot change which PUSCH may have UCI multiplexing.

There are a large number of possible PUCCH/PUSCH combinations that can occur under Scenario 4). Applying Proposal 5, the outcome of intra-UE multiplexing/prioritization is illustrated with examples in Figures 2-6. Figure 2-5 extend cases 1-3, 1-4, 1-5, 1-6 in [2] (R1-2009772, LS to RAN2 from AI 7.1) by allowing two PHY priorities, where ‘LP’ represents low physical layer priority, and ‘HP’ represents high physical layer priority. Figure 6 depicts a new case where two grants overlap, and both grants are expected to have UCI multiplexing.
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Figure 2. CG, DG and PUCCH of different priority overlap in time with each other (extend case 1-3 in R1-2009772 by allowing two PHY priorities).
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Figure 3. DG overlaps with PUCCH and CG, while CG doesn’t overlap with PUCCH (extend case 1-4 in R1-2009772 by allowing two PHY priorities). 
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Figure 4. PUCCH overlaps with DG and CG, while DG and CG do not overlap with each other (extend case 1-5 in R1-2009772 by allowing two PHY priorities).
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Figure 5. CG overlaps with PUCCH and DG, but PUCCH and DG do not overlap with each other (extend case 1-6 in R1-2009772 by allowing two PHY priorities).
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[bookmark: _Ref61877775]Figure 6. First PUCCH overlaps only with CG, second PUCCH overlaps only with DG, but CG and DG overlaps with each other.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Multiplexing of PUCCH and PUSCH of a given PHY priority is performed as if signals/channels of the other PHY priority do not exist.


Based on the discussion in the previous sections we propose the following:
Proposal 1	For a give PHY priority level, the PUSCH#0 (DG or CG) expected to have UCI multiplexing is determined as if signals/channels of the other PHY priority do not exist. The UCI is either multiplexed with PUSCH#0 or transmitted via PUCCH, but not to be multiplexed a different PUSCH.
Proposal 2	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.
Proposal 3	If lch-basedPrioritization not configured, existing MAC procedure applies, i.e., DG always overrides CG for overlapping DG/CG of the same/different PHY priority.
Proposal 4	If lch-basedPrioritization configured and a single PHY priority for UL transmission, the PUSCH#0 (DG or CG) expected to have UCI multiplexing is determined. UL grant of PUSCH#0 is prioritized in LCH prioritization. The UCI is multiplexed with PUSCH#0 for transmission.
Proposal 5	If lch-basedPrioritization configured and two PHY priorities for UL transmission, the PUSCH (HP) #0 and/or PUSCH (LP) #0 expected to have UCI multiplexing is determined. UL grant of PUSCH (HP) #0 and PUSCH (LP) #0 are prioritized in LCH prioritization. Physical layer intra-UE prioritization is applied afterwards to determine if PUSCH (LP) #0 is kept or discarded.
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Appendix. Relevant RAN1 Agreements
A.1	RAN1 agreements related to Rel-16 uplink skipping

Agreement (RAN1#102)
For UL skipping of dynamic UL grant in non-CA and CA case, when there is PUCCH carrying UCI overlapping with a set of PUSCHs, the PUSCH with UCI multiplexing from the set cannot be skipped. MAC generates MAC PDU for the PUSCH and the UCI is multiplexed on the PUSCH.

Agreement: (RAN1#103)
For the case (Case 1-2) where only one or more CG PUSCHs overlapping with PUCCH
· In Rel.16, for CA and non-CA case, when 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 no DG PUSCH overlapping with the UCI and there is no DG PUSCH overlapping with the one or more CG PUSCHs, the CG PUSCH with UCI multiplexing from the one or more CG PUSCHs cannot be skipped.  MAC generates MAC PDU for the CG PUSCH and delivers the MAC PDU to PHY and the UCI is multiplexed on the CG PUSCH. 

Conclusion (RAN1#103)
For the following cases, for CA and non-CA, 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, MAC generates MAC PDU for the DG PUSCH and the UCI is multiplexed on the DG PUSCH. For the case 1-3 and 1-4, MAC does not generate a TB for the CG PUSCH(s) overlapping with the DG PUSCH on the same serving cell.  The GCG PUSCH(s) is discarded and does not participate in subsequent physical layer procedure.
· (Case 1-3) DG PUSCH and CG PUSCH are overlapping and both DG/CG PUSCH are overlapping with PUCCH
· (Case 1-4) DG PUSCH and CG PUSCH are overlapping and DG PUSCH is overlapping with PUCCH, and CG PUSCH is non-overlapping with the PUCCH
· (Case 1-5) DG PUSCH and CG PUSCH are non-overlapping and both DG/CG PUSCH are overlapping with PUCCH

Working Assumption: (RAN1#103)
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.
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A.2	RAN1 agreements from Rel-16 URLLC
Agreement (RAN1#103)
· For the collision scenario between CG and DG with same/different PHY-priority index, if there is no collision between PUCCH and the CG and there is no collision between PUCCH and the DG, the behaviour mentioned in the LS is consistent with RAN1’s understanding if taking into account the TP to Rel-16 TS 38.214, i.e., revision CR in R1-2008655.
· When the MAC entity is configured with lch-basedPrioritization, for the collision scenario between CG and DG with same/different PHY-priority index, and when there is collision between PUCCH and the CG with the same priority and/or there is collision between PUCCH and the DG with the same priority, RAN1 is still discussing the related PHY layer behaviour. 
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