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[bookmark: _Ref528762725]Introduction
In RAN2#112-e, RAN2 sent an LS [1] to RAN1 aiming at confirming the below UE behavior assumption for the case of overlapping PUSCH and SR with equal L1 priority:
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. 
Then, RAN1 replied in [2] where they broke down RAN2’s usecase into different subcases, some of which yield several possible behaviors on which RAN1 consult RAN2. This contribution discusses these different options, aiming at providing back RAN2’s understanding to RAN1. 
Discussion
For each subcase involving UCI multiplexing, RAN1 provided two possible understandings for MAC behavior, depending on whether MAC is aware/not aware of the UCI multiplexing in PHY. We show below that RAN1 timelines are so that MAC should be aware of the UCI multiplexing in PHY when it runs the intra-UE multiplexing procedure, hence the former assumption (aware) is the correct one.
2.1. [bookmark: _Ref61251099]Case 1: only SR overlaps with PUSCH of equal L1 priority
[bookmark: _Ref61277088]For this simple case RAN1 confirms RAN2 intended behaviour, which requires no specification change. 


Figure 1: Case 1: only SR overlaps with PUSCH of equal L1 priority
2.2. [bookmark: _Ref67472300]Case 2-1: UCI multiplexing with no final PUSCH/PUCCH overlap 
In this case, other UCI(s) i.e., HARQ-ACK/CSI overlaps with SR of an equal L1 priority and the SR overlaps with the PUSCH of an equal L1 priority and the final PUCCH resource after UCI multiplexing among different PUCCHs carrying HARQ-ACK/CSI and SR does not overlap with the PUSCH. This case is illustrated in Figure 2 and RAN1 considers two possible MAC behaviours:
· Understanding 1: MAC is not aware of the UCI multiplexing in PHY, MAC does not know whether the final PUCCH overlaps with the PUSCH or not, MAC only knows configured PUCCH resource for SR. Therefore, MAC can decide to deliver SR or PUSCH.
· Understanding 2: MAC is aware of the UCI multiplexing in PHY based on UL skipping agreement (as in LS R1-2009772). If MAC is aware that the final PUCCH resource does not overlap with the PUSCH, and does not overlap with any other PUSCH, then for case 2-1, MAC can send both SR and PUSCH to PHY.


[bookmark: _Ref67405884]Figure 2: Case 2-1: the final PUCCH resource after UCI multiplexing does not overlap with PUSCH
Analysis:
In current MAC specification, UCI multiplexing in PHY is only considered during the UL skipping procedure, since it is one of the conditions for which UL skipping is not permitted. The MAC procedure is nicely illustrated by [3] as follows, where, with current model, LCH-based prioritization (when configured) takes precedence over UL skipping since UL skipping is captured in the Multiplexing and assembly procedure which comes “after” the LCH-based prioritization procedure. In other words, a grant with expected UCI multiplexed can be de-prioritized by LCH-based prioritization and it has no transport block delivered to PHY. So the current MAC model reflects understanding 1.

[image: ]
Figure 3: MAC PDU skipping procedure in 38.321 (from [3])
And, following that model, in last meeting, RAN2 had the following WA:
· [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.

On the other hand, the above analysis does not consider the RAN1 timelines, which, when taken into account, show that MAC is aware of the UCI multiplexing in PHY at the time it runs the intra-UE prioritization procedure. This means that MAC knows the initial SR resource overlapping with PUSCH in the dashed box in Figure 2 cannot be transmitted by PHY at the time it runs the intra-UE prioritization procedure for the (initially) overlapping PUSCH. And it should be noted that this is already captured in the SR procedure (5.4.4) as shown below:
	3>  if the MAC entity is configured with lch-basedPrioritization, and the PUCCH resource for the SR transmission occasion does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response or with the PUSCH duration of an uplink grant addressed to Temporary C-RNTI or with the PUSCH duration of a MSGA payload, and the PUCCH resource for the SR transmission occasion for the pending SR triggered as specfied in clause 5.4.5 overlaps with any other UL-SCH resource(s), and the physical layer can signal the SR on one valid PUCCH resource for SR, and the priority of the logical channel that triggered SR is higher than the priority of the uplink grant(s) for any UL-SCH resource(s) where the uplink grant was not already de-prioritized, and the priority of the uplink grant is determined as specified in clause 5.4.1; or



Timeline analysis
When lch-basedPrioritization is configured, MAC is expected to run the intra-UE prioritization procedure at the deadline for generating the earliest of the overlapping transmissions. For example, when a PUCCH-SR overlaps with a PUSCH and the PUSCH comes first (Figure 4-left), MAC is expected to wait for the last moment when it could receive an uplink grant for another (overlapping) PUSCH transmission before running the intra-UE prioritization procedure. And this time is specified as Tproc,2 in 38.214 Clause 6.4. When the PUCCH-SR comes first (Figure 4-right), although RAN1 didn’t define explicitly the processing timeline for SR transmission, it can be expected that, similarly, MAC waits, before running the intra-UE prioritization procedure, for the last moment when it could receive either an uplink grant for a PUSCH transmission overlapping with the SR in case this PUSCH would take priority over the SR (this time is again Tproc,2), or a downlink assignment for a PDSCH resulting in DL HARQ-ACK information to be transmitted on the same (or an overlapping) PUCCH, thus triggering the UCI multiplexing procedure as specified in 38.213 Clause 9.2.5. For the latter case, the associated timeline is specified as . Thus the deadline for running the intra-UE prioritization procedure before triggering an SR is TSR = Min{ Tproc,2, } = Tproc,2 (see below).  


 
[bookmark: _Ref67576837] Figure 4: Intra-UE prioritization timeline with SR/PUSCH overlap
Now, the timeline for UCI multiplexing when PUCCH and PUSCH overlap is defined by  and  as follows (TS38.213 Section 9.2.5, Figure 5):
· there is at least  time between the end of the PDSCH which ACK/NACK is to be sent on PUCCH, and the starting of the earliest channel among overlapping channels (PUSCH/PUCCH)
· there is at least  time between the end of the PDCCH scheduling the PUSCH and the starting of the earliest channel among overlapping channels (PUSCH/PUCCH)



[bookmark: _Ref67408851]Figure 5: PHY timelines for UCI multiplexing
,  and Tproc,2 are specified in TS38.213 and TS38.214, respectively, as[footnoteRef:1]: [1:  Only one PUSCH and one PDSCH is assumed here for simplification, which does not impact the conclusion] 

	 





Considering that Text = 0 for non-shared spectrum (which is assumed the case when lch-basedPrioritization is configured), and d2 = 0 when PUSCH and PUCCH are of equal priority (which is the assumption in this study case), we can see that Tproc,2 ≤ . Since UE is aware of the UCI multiplexing upon receiving the latest of the PDCCHs with DCI scheduling the PUSCH or the PDSCH, at least from timeline perspective, this shows that the UCI multiplexing decision deadline comes ahead of the MAC PDU or SR delivery to PHY hence, following this timeline, MAC should be aware of the UCI multiplexing in PHY at the time the intra-UE prioritization rule is run.
Note 1: the above example uses HARQ-ACK info as UCI, but the same reasoning applies to the timeline associated with an aperiodic CSI report, , since it can also be shown that  > Tproc,2.
Note 2: RAN1 does not specify any timeline for the UCI multiplexing in a CG-PUSCH of CSI report only. However, this makes sense as, in that case, both are RRC-configured and UE (both MAC and PHY) is expected to know about the UCI multiplexing well in advance.

Observation 1: MAC is aware of the UCI multiplexing in PHY at the time it runs the intra-UE prioritization procedure.
As a result, based on the above analysis, we share understanding 2.
Proposal 1: MAC is aware that the final PUCCH resource does not overlap with the PUSCH, and does not overlap with any other PUSCH, then for case 2-1, MAC can send both SR and PUSCH to PHY (“understanding 2”).
Impact on MAC specification:
As mentioned above, the condition for MAC to trigger an SR to PHY that the SR can indeed be transmitted by PHY is already captured in the SR procedure (5.4.4). But it is missing in the UL Grant reception procedure (5.4.1), which should be fixed as follows:
	When the MAC entity is configured with lch-basedPrioritization, for each uplink grant whose associated PUSCH can be transmitted by lower layers, the MAC entity shall:
1>  if this uplink grant is addressed to CS-RNTI with NDI = 1 or C-RNTI:
2>  if there is no overlapping PUSCH duration of a configured uplink grant which was not already de-prioritized, in the same BWP whose priority is higher than the priority of the uplink grant; and
2>  if there is no overlapping PUCCH resource with an SR transmission that the physical layer can signal which was not already de-prioritized and the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:
3>  consider this uplink grant as a prioritized uplink grant;
3>  consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s);
3>  consider the other overlapping SR transmission(s), if any, as a de-prioritized SR transmission(s).
1>  else if this uplink grant is a configured uplink grant:
2>  if there is no overlapping PUSCH duration of another configured uplink grant which was not already de-prioritized, in the same BWP, whose priority is higher than the priority of the uplink grant; and
2>  if there is no overlapping PUSCH duration of an uplink grant addressed to CS-RNTI with NDI = 1 or C-RNTI which was not already de-prioritized, in the same BWP, whose priority is higher than or equal to the priority of the uplink grant; and
2>  if there is no overlapping PUCCH resource with an SR transmission that the physical layer can signal which was not already de-prioritized and the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:
3>  consider this uplink grant as a prioritized uplink grant;
3>  consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s);
3>  if the de-prioritized uplink grant(s) is a configured uplink grant configured with autonomousTx whose PUSCH has already started:
4>  stop the configuredGrantTimer for the corresponding HARQ process of the de-prioritized uplink grant(s).
3> consider the other overlapping SR transmission(s), if any, as a de-prioritized SR transmission(s).


   
Proposal 2: Capture in MAC the above TP to Section 5.4.1.
2.3. Case 2-2 & 3: UCI multiplexing with final PUSCH/PUCCH-SR overlap 
Cases 2-2 and 3 are illustrated in Figure 6 and Figure 7, respectively.



[bookmark: _Ref67471460]Figure 6: Case 2-2: the final PUCCH resource after UCI multiplexing overlaps with PUSCH


[bookmark: _Ref67471462]Figure 7: Case 3: other UCI(s) overlaps with a PUSCH, SR overlaps with the PUSCH, SR does not overlap with other UCI(s)

Both cases have in common that after the UCI multiplexing has been executed by PHY, the PUCCH where the SR could be transmitted overlaps with the PUSCH, and this PUSCH is expected to have UCI multiplexing, so it is prioritized from PHY perspective and the SR cannot be transmitted. Therefore, RAN1 came-up with the following possible MAC behaviors for both:
· Understanding 1: the UL skipping-related check is prioritized over the LCH based prioritization check in MAC. Therefore, if the PUSCH in the LS is expected to have UCI multiplexing, MAC does not prioritize SR over PUSCH, and send a MAC PDU to PUSCH instead. 
· Understanding 2: the LCH based prioritization check is prioritized over the UL skipping-related check in MAC. Therefore, the SR in the LS is prioritized in MAC and is delivered and MAC shall not deliver the MAC PDU for the PUSCH.
Analysis:
Same analysis as for Case 2-1 can be held here as well: the current RAN2 WA is that MAC disregards the UCI multiplexing when performing intra-UE prioritization, which is understanding 2. However, considering above timeline observation 1, MAC should be aware of the UCI multiplexing at the time it runs intra-UE prioritization. And in Case 2-2 & 3, the normal PHY behavior is that AN/CSI is multiplexed in PUSCH and SR is dropped. That means PHY, in principle, cannot signal the SR on one valid PUCCH for SR. So the SR prioritization procedure in MAC cannot deliver the SR to PHY per the yellow-highlighted text in the SR procedure (5.4.4) copied above in Section 2.2, which is aligned with understanding 1.
Proposal 3: For cases 2-2 and 3, MAC, upon running the intra-UE prioritization procedure, is aware that the final PUCCH-SR resource cannot be signalled by PHY, hence it does not deliver the SR to PHY (“understanding 1”).

2.4. 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
That is the case when SR and PUSCH do not overlap in first place, but overlap after UCI multiplexing, which is illustrated in Figure 8. The difference with other cases is that MAC has the choice on which of SR or PUSCH will be sent. If it delivers the SR only, the UCI multiplexing on PUCCH will be executed since no PDU is delivered for the PUSCH. If it delivers the MAC PDU only, there will be no need for PHY to multiplex all UCIs on another PUCCH resource and the PUSCH won’t overlap with any PUCCH, and so, will be transmitted.
[image: cid:image001.png@01D6FBC1.DD0FD2F0]
[bookmark: _Ref67473488]Figure 8: 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
As a result, similar to the other cases, RAN1 concluded on the following possible MAC behaviors:
· Understanding 1: MAC is not aware of the UCI multiplexing in PHY, MAC does not know whether the final PUCCH overlaps with the PUSCH or not, MAC only knows configured PUCCH resource for SR. Therefore, MAC can send both SR and PUSCH to PHY, based on current RAN1 specification TS 38.213, PHY will multiplex other UCI(s) i.e., HARQ-ACK/CSI in the PUSCH and does not transmit SR.
· Understanding 2: MAC is aware of the UCI multiplexing in PHY, if MAC is aware that the final PUCCH resource overlaps with the PUSCH, then MAC can decide to deliver SR or PUSCH.
Following the same reasoning as for above other cases, we conclude that understanding 2 is the correct understanding. It should be noted that, with the yellow-highlighted text, RAN1 does not mandate, as is the case when lch-basedPrioritization is not configured, that MAC always delivers a PDU in case of PUCCH/PUSCH overlap with UCI multiplexing. Indeed, if MAC delivers the SR only, the UCI multiplexing on PUCCH will be executed and such PUCCH (the pink one) will overlap with PUSCH, but this will not result in AN/CSI to be multiplexed on PUSCH if MAC does not deliver the MAC PDU for the PUSCH.
Proposal 4: For case 4, MAC, upon running the intra-UE prioritization procedure, is aware of the UCI multiplexing in PHY, and can decide to deliver either SR or PUSCH (“understanding 2”).

Conclusion
This contribution analyzed the various subcases provided by RAN1 in their reply LS [2], resulting in the following observation and proposals:
Observation 1: MAC is aware of the UCI multiplexing in PHY at the time it runs the intra-UE prioritization procedure.
Proposal 1: MAC is aware that the final PUCCH resource does not overlap with the PUSCH, and does not overlap with any other PUSCH, then for case 2-1, MAC can send both SR and PUSCH to PHY (“understanding 2”).
Proposal 2: Capture the TP in section 2.2 of this contribution to MAC Rel-16 specification clause 5.4.1.
Proposal 3: For cases 2-2 and 3, MAC, upon running the intra-UE prioritization procedure, is aware that the final PUCCH-SR resource cannot be signalled by PHY, hence it does not deliver the SR to PHY (“understanding 1”).
Proposal 4: For case 4, MAC, upon running the intra-UE prioritization procedure, is aware of the UCI multiplexing in PHY, and can decide to deliver either SR or PUSCH (“understanding 2”).
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