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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK3]In RAN1#103-e and 104-e meeting, RAN1 received two LS [1] - [2] from RAN2 to confirm the intended UE behavior as below:
	RAN2 LS on Intra UE Prioritization Scenario (R1-2007523)
	RAN2 has agreed in RAN2#107 that  
For the case when no PDU has been generated at all yet, and there are two grants where one will be de-prioritized (and there is data available for both grants), one PDU is generated by MAC.
This agreement means that in the collision scenario between CG and DG with same/different PHY-priority index, and only one transport block is delivered to PHY, PHY transmit on the grant for which a transport block is delivered and skip the transmission on the other grant.
It is not clear from the wording in the LS R1-2005078 if the PHY behavior described above is consistent with RAN1 understanding.
RAN2 respectfully asks RAN1 to clarify if the mentioned scenario is supported or not.




RAN2 LS on overlapped data and SR are of equal L1 priority (R1-2100026)
	RAN2 confirms the intended UE behavior: For the case of overlapping PUSCH and SR with equal L1 priority and MAC has not yet delivered MAC PDU for the PUSCH to PHY, if SR is prioritized in MAC, MAC shall not deliver the MAC PDU for the PUSCH and shall instruct PHY for SR transmission. 
RAN2 respectfully asks RAN1 to confirm if the intended UE behavior mentioned above can be supported.






RAN1 provided the corresponding reply LS [3] – [4] as following:
	RAN1 Reply LS on Intra UE Prioritization Scenario (R1-2009680)
	RAN1 had a discussion and made following agreements: 
Agreement
· 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. 




RAN1 Reply LS on overlapped data and SR are of equal L1 priority (R1-2102244)
	Assumption: LCH based prioritization is configured. Rel-16 UL skipping is possible. 
RAN1 respectfully asks RAN2 to provide their views on which understanding (understanding 1 or 2) is the intended MAC layer behavior or to provide an alternate understanding, for case 2-1, case 2-2, case 3 and case 4.






In RAN2#113-e and RAN2#113bis-e meeting, RAN2 discussed Rel-16 intra-UE prioritization with taking UL skipping agreement into account and achieved following agreements [5] – [6]:
	Working assumption: When lch-BasedPrioritization is not configured and Rel-16 CG/DG PUSCH skipping is enabled, DG always overrides CG. This working assumption is not agreed until confirmed by RAN1.
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 addition, for various SR/Data overlapping cases identified by RAN1, as captured in RAN2’s chairman notes [5], it seems both understandings 1) MAC does not have a knowledge of the UCI multiplexing and 2) MAC would have a knowledge of the UCI multiplexing are possible, and RAN2 postponed the discussions to the next meetings.
	Chair: A TS can refer to a condition where the details are specified in another TS. This is usually done by fuzzy reference, so it seems that both interpretations are possible (without adding L1 specific details in MAC or vice versa). 
Chair: Understanding 1: If we assume that MAC just generate SR and let L1 decide if/by what resource to transmit it, if the SR is not transmitted in the end then MAC may need to know this, in order to re-trigger the SR. 
Chair: Understanding 2: If we assume that MAC (the UE) can first know whether SR can be transmitted or not, then the current TS works.
Chair propose to: Postpone this specific issue (MAC awareness of UCI for this case), invite for a more principal discussion on MAC L1 dependencies next meeting.
Postpone this issue



In this contribution, we will discuss the issues related to intra-UE multiplexing and prioritization for Rel-16 URLLC.
2. Discussions for data vs. data
2.1 [bookmark: OLE_LINK25]Scenarios 
Considering both MAC lch-basedPrioritization configuration and physical layer priorities, there are four scenarios:
· Scenario #1: lch-basedPrioritization is NOT configured, and SINGLE PHY priorities for UL transmission
· Scenario #2: lch-basedPrioritization is NOT configured, and TWO PHY priorities for UL transmission
· Scenario #3: lch-basedPrioritization is configured, and SINGLE PHY priorities for UL transmission
· Scenario #4: lch-basedPrioritization is configured, and TWO PHY priorities for UL transmission
· Scenario #1 is under the discussion in agenda item 7.1 (NR Maintenance of Rel-15). In this contribution, we mainly discuss the Scenario#2 ~ #4.
2.1.1  Scenario #2: lch-basedPrioritization is NOT configured, and Two PHY priorities for UL transmission
For Scenario#2, when lch-basedPrioritization is not configured, even if there are two PHY priorities for UL transmissions, MAC behavior should be the same as Rel-15 and Rel-16 when lch-basedPrioritization is not configured. This is also aligned with RAN2’s working assumption. In summary,  
· For the collision scenario between CG and DG with same/different PHY-priority index, DG always overrides CG.
· In case 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, UCI handling is the same as Rel-16 UL skipping agreements [7] – [8]
· For the case of overlapping PUSCH and SR with equal L1 priority, SR is dropped and PUSCH should be transmitted.
[bookmark: _Ref68247235][bookmark: _Toc61891478][bookmark: _Toc68650106][bookmark: _Hlk67564923]Proposal 1: When lch-BasedPrioritization is not configured and PHY is configured with two L1 prioritizes, RAN1 confirms RAN2’s working assumption that is DG always overrides CG.
2.1.2  Scenario #3 and Scenario #4: lch-basedPrioritization is configured, Single PHY priority for Scenario#3 and Two PHY priorities for Scenario #4 for UL transmission 
For scenario#3 and scenario#4, and for the case that 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, as RAN1 replied to RAN2, further discussion is needed on the related PHY layer behavior; for the case of SR overlapping with the PUSCH, it is unclear yet which is the correct understanding regarding to whether MAC have a knowledge of the UCI multiplexing or not. 
Given RAN2’s working assumption and the spirit of UL skipping agreements, following should be considered as the design principle for scenario #3 and #4 in case the lch-basedPrioritization is configured.
· LCH based prio has higher priority than UL skipping
· Reduce the blind detection complexity of the UCI transmission, i.e., the container (PUSCH multiplexing with the UCI or the PUCCH carrying the UCI) should be deterministic
· Avoid changing existing UCI multiplexing or PUSCH preparation timeline as much as possible
Based on above design principles and take Scenario#4 as example, we provide our views on possible solutions for each case below, the same solution can be applied for Scenaior#3 as well. Note the LP and HP is the L1 priority. 
Table 1: Collision Cases between CG and DG, CG and CG with different L1 priorities and with the collision between L1-LP PUCCH and L1-LP PUSCH 
	Case
	MAC and PHY behavior
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	Case 1-1 and 1-2 are similar as Case 2-1 and 2-2. So, same solution can be adopted. 
· MAC: either delivers CG or DG based on the LCH based prioritization including the data availability
· PHY: due to configured lch-basedPrioritization, PHY is required to do the BD (e.g. DTX detection) on which MAC PDU is delivered. Then depending on the detection result, the handling of UCI transmission should try to reduce the BD at the gNB side and avoid impacting the processing timeline at UE side.     
· If LP PUSCH (e.g. LP DG for case 1 and LP CG for case 2) is delivered, LP PUCCH MUX on LP PUSCH. 
· If HP PUSCH (e.g. HP CG for case 1 and HP DG for case 2) is delivered, 
· Opt.1: LP PUCCH is dropped together with the LP PUSCH. 
· Opt.2: define condition X, if X is satisfied, LP UCI is transmitted on LP PUCCH; otherwise, the LP PUCCH is dropped together with the LP PUSCH.
· X can be one of the following:
· Alt.1: T1 is earlier than T2 as shown in Figure a. T1=j-N2, where j is the starting symbol for the CG transmission and N2 is determined by the UL grant overriding timeline as defined in TS 38.214; , where (i= 1, 2, CSI, release) and S0 is the first symbol of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot when determining the UCI multiplexing among a group of overlapping PUCCH and PUSCH as defined in TS 38.213.
[image: ]
Figure a: T1 is earlier than T2

· Alt.2: The starting symbol of LP PUSCH is later than the starting symbol of HP PUSCH, i.e., case 1-2 or case 2-2. 

· If both HP and LP grants have no available data, 
· Opt.1: no MAC PDU will be delivered; the handling of the LP PUCCH can adopt the options for the case HP PUSCH is delivered. 
· Opt.2: LP PUSCH should be delivered to multiplex the LP UCI.
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	Case 3-1 and 3-2 are also similar as Case 1-1, 1-2, 2-1 and 2-2. So, similar solution can be adopted. 
· If LP CG PUSCH is delivered, LP PUCCH MUX on LP CG PUSCH. 
· If HP CG PUSCH is delivered, 
· Opt.1: LP PUCCH is dropped together with the LP CG PUSCH. 
· Opt.2: define condition X, if X is satisfied, LP UCI is transmitted on LP PUCCH; otherwise, the LP PUCCH is dropped together with the LP CG PUSCH.
· X can be one of the following:
· Alt.1: T1 is earlier than T2. T1=j-N2, where j is the starting symbol for the HP CG transmission and N2 is determined by the UL grant overriding timeline as defined in TS 38.214; , where (i= 1, 2, CSI, release) and S0 is the first symbol of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot when determining the UCI multiplexing among a group of overlapping PUCCH and PUSCH as defined in TS 38.213.
· Alt.2: The starting symbol of LP CG PUSCH is later than the starting symbol of HP CG PUSCH, i.e., case 3-2. 
· If both HP and LP grants have no available data, 
· Opt.1: no MAC PDU will be delivered; the handling of the LP PUCCH can adopt the options for the case HP CG PUSCH is delivered. 
· Opt.2: LP PUSCH should be delivered to multiplex the LP UCI.



Proposal 2: When the MAC entity is configured with lch-basedPrioritization, for the collision scenarios between CG and DG, CG and CG with different L1 priorities and when there is collision between L1 LP PUCCH and L1 LP PUSCH and there is no collision between L1 HP PUCCH and L1 HP PUSCH, confirm RAN2’s working assumption that LCH based prio has higher priority than UL skipping.
· If LP PUSCH is delivered, the LP PUCCH is multiplexed on the LP PUSCH;
· Otherwise, the handling of LP PUCCH is down-selected from following options:
· Opt.1: LP PUCCH is dropped together with the LP PUSCH. 
· Opt.2: define condition X, if X is satisfied, LP UCI is transmitted on LP PUCCH; otherwise, the LP PUCCH is dropped together with the LP PUSCH.
· FFS X
Above are analysis for collision cases between CG and DG, CG and CG with different L1 priorities and with the collision between L1-LP PUCCH and L1-LP PUSCH. Table 2 summarizes the collision Cases between CG and DG, CG and CG with different L1 priorities and with the collision between L1-HP PUCCH and L1-HP PUSCH.
Table 2: Collision Cases between CG and DG, CG and CG with different L1 priorities and with the collision between L1-HP PUCCH and L1-HP PUSCH
	Case 1-1’ and Case 1-2’
	Case 2-1’ and Case 2-2’
	Case 3-1’ and Case 3-2’
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About the collision cases listed in Table 2 especially when there is collision between the HP PUCCH and HP PUSCH, generally two options can be considered.
· Option 1: same solution(s) as proposed for the Cases listed in Table 1.
· MAC decides the PUSCH to be delivered based on LCH based prioritization including the data availability.
· In case the LP PUSCH is delivered by MAC, the handling of the HP PUCCH is dropped or transmitted on PUCCH when condition X is satisfied. 
· Option 2: MAC shall deliver the HP PUSCH when there is HP PUCCH overlapping with the HP PUSCH regardless whether there is available data for HP PUSCH.   
As observed, option 1 may result in HP PUCCH dropping which is not desirable; option 2 can ensure the transmission of HP PUCCH, reduce the BD complexity at gNB side and have no impacts on the processing timeline issue at the UE side. The con of option 2 is it may result in transmission of padding PDU and dropping of LP PUSCH. However, it should be acceptable since HP PUCCH is prioritized over LP PUSCH.    
Proposal 3: When the MAC entity is configured with lch-basedPrioritization, for the collision scenarios between CG and DG, CG and CG with different L1 priorities and when there is collision between L1 HP PUCCH and L1 HP PUSCH and there is no collision between L1 LP PUCCH and L1 LP PUSCH, it is preferred from RAN1 perspective that MAC shall deliver the HP PUSCH when there is HP PUCCH overlapping with the HP PUSCH regardless whether there is available data for HP PUSCH.

Table 3 lists the cases where there are collisions between the PUSCHs with different L1 priorities and each PUSCH further overlaps with the PUCCH of the same L1 priority.   
Table 3: Collision Cases between CG and DG, CG and CG with different L1 priorities and with the collision between L1-HP PUCCH and L1-HP PUSCH, and betweenL1-LP PUCCH and L1-LP PUSCH
	Case 4-1 and Case 4-2
	Case 5-1 and Case5-2
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Based on the proposal 3, the preferred solution is that HP PUSCH overlapping with the HP PUCCH always overrides the LP PUSCH so that the LP PUCCH can be transmitted and MAC delivers the HP PUSCH to multiplex with the HP UCI.  
Proposal 4: When the MAC entity is configured with lch-basedPrioritization, for the collision scenarios between CG and DG, CG and CG with different L1 priorities and when there is collision between L1 HP PUCCH and L1 HP PUSCH and there is also collision between L1 LP PUCCH and L1 LP PUSCH, it is preferred from RAN1 perspective that MAC shall deliver the HP PUSCH when there is HP PUCCH overlapping with the HP PUSCH regardless whether there is available data for HP PUSCH.
· PHY drops the LP PUSCH and transmits the LP UCI on LP PUCCH.
3. Discussions for overlapped data and SR are of equal L1 priority
Although RAN2 postponed the discussion on the MAC layer behaviour for the SR/data overlapping cases identified by RAN1, we can continue the discussion to check whether there is any RAN1 impacts based on the two potential understandings with taking into account that the LCH based prioritization is prioritized over UL skipping.
Firstly, we would like to point out that in Rel-15 and 16 without configuring LCH based prioritization, for the same L1 priority between the SR and PUSCH, there is no such case that the SR is still triggered and positive when it overlaps with the PUSCH. So, when the SR is overlaps with other UCIs i.e., HARQ-ACK and CSI, and the SR also overlaps with the PUSCH, the status of SR should be negative, UCI multiplexing is not impacted by the SR status and SR resource.
For case 2-1 that the final PUCCH resource after UCI multiplexing does not overlap with PUSCH, regardless whether understanding 1 or understanding 2 is the current MAC layer behaviour, either SR or PUSCH will be delivered by MAC, consequently, either the UCI after multiplexing or the PUSCH and UCI after multiplexing will be transmitted, there is no RAN1 impacts identified. 


Figure Case 2-1: the final PUCCH resource after UCI multiplexing does not overlap with PUSCH
Observation 1: No RAN1 impacts is identified for case 2-1 regardless which understanding is the current MAC layer behaviour. 
For Case 2-2 that the final PUCCH resource after UCI multiplexing overlaps with PUSCH, there may have some RAN1 impacts regardless of which understanding is the MAC layer behavior. 


Figure Case 2-2: the final PUCCH resource after UCI multiplexing overlaps with PUSCH
In Rel-15 and Rel-16 without configuring LCH based prioritization, for case 2-2, the triggered SR will be cancelled in case it overlaps with the PUSCH and the PUSCH will always be delivered by MAC. For case 2-2(a), based on TS 38.213, PHY multiplexes other UCIs i.e., AN/CSI in the PUSCH and does not transmit the SR. For case 2-2(b), depending on the PUCCH format of AN/CSI, AN/CSI may be transmitted on PUCCH or the AN/CSI may be multiplex on the PUSCH. For example, if the PUCCH format of AN/CSI is PUCCH format 2,3,4 then 1-bit negative SR will be multiplexed with the AN/CSI resulting in the final PUCCH after UCI multiplexing overlaps with the PUSCH. So, PHY multiplexes other UCIs i.e., AN/CSI in the PUSCH and does not transmit the SR. If the PUCCH format of AN/CSI is PUCCH format 0 or 1, the cancelled SR will be dropped. Since the PUCCH fort 0 or 1 does not overlap with the PUSCH, then the AN/CSI is transmitted on the PUCCH and PUSCH is also transmitted. 
In Rel-16 with configuring LCH based prioritization, for case 2-2, regardless of which understanding is correct MAC behavior, if either SR or PUSCH will be delivered. It may have some impacts on PHY layer of the UCI multiplexing timeline at the UE side since PHY cannot start processing the UCI multiplexing on PUSCH or PUCCH until MAC delivers the SR or PUSCH and blind detection at the gNB side. 
Observation 2: for case 2-2, regardless of which understanding is correct MAC behavior, if MAC delivers SR, there are potential RAN1 impacts in terms of processing timeline at the UE side and blind detection at the gNB side.
For case 3 that other UCI(s) overlaps with a PUSCH, SR overlaps with the PUSCH, SR does not overlap with other UCI(s), based on RAN2’s WA that LCH based prioritization is prioritized over UL skipping. If SR is triggered, then SR will be delivered by MAC. The handling of the AN/CSI that overlaps with the PUSCH can adopt the similar way as discussed in section 2.1.2 for the collision scenario between data and data with same/different PHY-priority index, and when there is collision between PUCCH and the CG with the same priority.



Figure Case 3: other UCI(s) overlaps with a PUSCH, SR overlaps with the PUSCH, SR does not overlap with other UCI(s)
Observation 3: for case 3, regardless of which understanding is correct MAC behavior, if SR is delivered by MAC, the handling of the AN/CSI that overlaps with the PUSCH can adopt the similar way as for the collision between data and data.
For Case 4 that other UCI(s) overlaps with SR of an equal L1 priority, but SR does not overlap with the PUSCH of an equal L1 priority, the final PUCCH after UCI multiplexing overlaps with the PUSCH, in case understanding 1 is the correct MAC behavior, then MAC assumes both SR and PUSCH can be transmitted by the PHY layer. Based on TS 38.213, PHY multiplexes other UCIs i.e., AN/CSI in the PUSCH and does not transmit the SR. There are no RAN1 impacts.  However, if understanding 2 is the current MAC layer behavior and MAC only delivers the SR, there are potential RAN1 impacts in terms of processing timeline at the UE side and blind detection at the gNB side.
[image: cid:image001.png@01D6FBC1.DD0FD2F0]
Figure Case 4: other UCI(s) overlaps with SR of an equal L1 priority, but SR does not overlap with the PUSCH of an equal L1 priority

Observation 4: for case 4, if understanding 1 is correct MAC behaviour, there is no RAN1 impacts; if understanding 2 is correct MAC behaviour and SR is delivered by MAC, there are potential RAN1 impacts in terms of processing timeline at the UE side and blind detection at the gNB side.
Proposal 5: if RAN1 can have common understanding on above observations, discuss from RAN1 perspective, which understanding of MAC layer behavior is preferred and send LS to RAN2 about RAN1’s preference. 
4. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on the remaining issues and potential solutions for intra-UE multiplexing and prioritization for Rel-16 URLLC. The proposals and observations are summarized below.
For collision between data and data
Proposal 1: When lch-BasedPrioritization is not configured and PHY is configured with two L1 prioritizes, RAN1 confirms RAN2’s working assumption that is DG always overrides CG.
Proposal 2: When the MAC entity is configured with lch-basedPrioritization, for the collision scenarios between CG and DG, CG and CG with different L1 priorities and when there is collision between L1 LP PUCCH and L1 LP PUSCH and there is no collision between L1 HP PUCCH and L1 HP PUSCH, confirm RAN2’s working assumption that LCH based prio has higher priority than UL skipping.
· If LP PUSCH is delivered, the LP PUCCH is multiplexed on the LP PUSCH;
· Otherwise, the handling of LP PUCCH is down-selected from following options:
· Opt.1: LP PUCCH is dropped together with the LP PUSCH. 
· Opt.2: define condition X, if X is satisfied, LP UCI is transmitted on LP PUCCH; otherwise, the LP PUCCH is dropped together with the LP PUSCH.
· FFS X
Proposal 3: When the MAC entity is configured with lch-basedPrioritization, for the collision scenarios between CG and DG, CG and CG with different L1 priorities and when there is collision between L1 HP PUCCH and L1 HP PUSCH and there is no collision between L1 LP PUCCH and L1 LP PUSCH, it is preferred from RAN1 perspective that MAC shall deliver the HP PUSCH when there is HP PUCCH overlapping with the HP PUSCH regardless whether there is available data for HP PUSCH.
Proposal 4: When the MAC entity is configured with lch-basedPrioritization, for the collision scenarios between CG and DG, CG and CG with different L1 priorities and when there is collision between L1 HP PUCCH and L1 HP PUSCH and there is also collision between L1 LP PUCCH and L1 LP PUSCH, it is preferred from RAN1 perspective that MAC shall deliver the HP PUSCH when there is HP PUCCH overlapping with the HP PUSCH regardless whether there is available data for HP PUSCH.
· PHY drops the LP PUSCH and transmits the LP UCI on LP PUCCH.

For collision between data and SR are of equal L1 priority
Observation 1: No RAN1 impacts is identified for case 2-1 regardless which understanding is the current MAC layer behaviour. 
Observation 2: for case 2-2, regardless of which understanding is correct MAC behavior, if MAC delivers SR, there are potential RAN1 impacts in terms of processing timeline at the UE side and blind detection at the gNB side.
Observation 3: for case 3, regardless of which understanding is correct MAC behavior, if SR is delivered by MAC, the handling of the AN/CSI that overlaps with the PUSCH can adopt the similar way as for the collision between data and data.
Observation 4: for case 4, if understanding 1 is correct MAC behaviour, there is no RAN1 impacts; if understanding 2 is correct MAC behaviour and SR is delivered by MAC, there are potential RAN1 impacts in terms of processing timeline at the UE side and blind detection at the gNB side.
Proposal 5: if RAN1 can have common understanding on above observations, discuss from RAN1 perspective, which understanding of MAC layer behavior is preferred and send LS to RAN2 about RAN1’s preference. 
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