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At RAN1 #102-e meeting, following agreements were made for UL skipping of dynamic UL grant:
Agreement (designated as “RAN1 #102-e agreement” in the following)
	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.

At RAN1 #103-e,  there were discussions on UL skipping considering physical layer priority and LCH based prioritization. And the following was reached:

[103-e-NR-L1enh-URLLC-07] Email discussion/approval on eCG enhancements – Lihui (vivo) 
· Reply LS to R2-2008599 on Intra UE Prioritization
· Issue 6: PUSCHs overlapping with UCI piggyback
· Discussion and decision by 10/29, TPs by 11/5
Note: Email discussion is mainly for the reply LS R2-2008599, which is out of the email discussion budget of URLLC

Agreement
                                                  Send an LS to RAN2 to convey the following:
· 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 behavior 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 behavior. 
LS is endorsed in R1-2009680.

At RAN1 #104-e, an LS from RAN2 (c.f. Appendix A) was received by RAN1 concerning PHY behavior regarding SR and PUSCH ( R1-2100026 (c.f. Appendix A) on overlapped data and SR with equal L1 priority for Rel-16 URLLC), and discussion on the RAN2 LS  led to an LS reply to RAN2 in R1-2102244 (c.f. Appendix B)

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

The discussion is organized as follows:
· In Section 2, we review PUSCH skipping and UCI multiplexing prior to the RAN1 #102-e agreement.
· In Section 3, we propose a solution by minimizing the coupling between MAC and PHY. In Section 4, more details are provided.
· In Section 5, we propose another solution by assuming SR status is known by UE at the beginning of UCI multiplexing, MAC PDU generation is subject to MAC’s decision considering PHY’s indication.

[bookmark: _Toc68555241]Review on UCI multiplexing prior to the RAN1 #102-e agreement
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Figure 1 UCI multiplexing prior to the RAN1 #102-e agreement
Prior to the RAN1 #102-e agreement, the physical layer processing concerning UL skipping and UCI multiplexing can be described as a one-pass procedure:
As shown in Figure 1, 
· in Step 0, MAC makes decision on DG/CG overriding, CG/CG overriding and generation of SR(s), and indicate the decision it to PHY. All the ensuing process concerning UCI multiplexing is internal to PHY.

· In Step 1, UCI multiplexing over PUCCH is conducted. There are four inputs to the procedure for UCI multiplexing over PUCCH (“multiplexing block” in the following):
· Periodic/Semi-Persistent PUCCHs for CSI reporting
· PUCCH for dynamic HARQ reporting indicated by PRI in an downlink DCI (the PUCCH overriding rule for two or more PUCCHs for dynamic HARQ reporting is executed so there is only a single PUCCH for dynamic HARQ reporting as an input to the multiplexing block).
· PUCCH resource(s) for SPS HARQ reporting
· SR configurations and SR status
· We note all the inputs to the multiplexing block except the SR status are fully controlled by gNB. Depending on the SR status, there can be complication as explained in Section 2.1

· In Step 2, a PUSCH is selected for UCI multiplexing when conditions are met. With carrier aggregation, and the selected PUSCH can be a dynamic grant PUSCH, configured grant PUSCH, SP-CSI carrying PUSCH, etc on the same CC as PUCCH or another CC, different subcarrier spacing across component carriers can complicate the selection procedure further. And the PUSCH selection procedure was clarified in RAN1 #97.  


[bookmark: _Toc68555242]Discussion on SR status
In NR, when PUCCH resource for HARQ-ACK and PUCCH resource for SR collide and are both with PUCCH format 1, resource selection is used. If SR is positive, then the HARQ-ACK is transmitted over the PUCCH resource for SR. If SR is negative, then the HARQ-ACK is transmitted over the PUCCH resource for HARQ-ACK itself. One example is provided below. Then depending on SR status, 4 cases can arise:
1. Both SR1 and SR2 are negative, HARQ-ACK is sent on PUCCH-0
2. SR1 is positive and SR2 is negative, HARQ-ACK is sent on PUCCH-1
3. SR2 is positive and SR1 is negative, HARQ-ACK is sent on PUCCH-2
4. Both SR1 and SR2 are positive, HARQ-ACK is sent on PUCCH-1, and SR2 is sent over PUCCH-2.
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Figure 2 Resource selection for PUCCH format 1
      
	

	PUCCH resource for HARQ Tx
	SR status (SR1, SR2), "1" for positive SR

	PUCCH-0
	[00]

	PUCCH-1
	[10]

	PUCCH-2
	[01]

	PUCCH-1
	[11]


Table 1 Depending on the SR status, resource for HARQ-ACK is determined.

Within PHY’s multiplexing block (Clause 9.2.5 TS 38.213), the generation of PUCCH resource Z from Set Q is conducted over overlapping PUCCHs. Then depending on the outcome of the PUCCH resource for HARQ-ACK considering UCI payload size including HARQ-ACK and SR, the resource Z generated can be different. Since gNB cannot control the SR status at a UE, blind detection on the gNB side for different outcomes is inevitable. 

For scenarios treated in Section 2, note the uncertainty in the resource Z generation does not incur complexity on the UE side, as the UE PHY performs all the processing with information on SR status from MAC, the PHY is never tasked to track all the alternative outcomes. The situation changes drastically for the discussion in Section 3.


To mitigate the uncertainty in UCI multiplexing, the occurrence of colliding HARQ-ACK PUCCH resource at PUCCH format 1 and SR PUCCH resource at PUCCH format 1 should be avoided, there can be a few alternatives:
· Alt. 1:  HARQ-ACK PUCCH resource and SR PUCCH resource cannot be both configured with PUCCH format 1
· Alt. 2: HARQ-ACK PUCCH resource and SR PUCCH resource overlap, then they won’t be both at PUCCH format 1.

For a future release, it can be considered that when HARQ-ACK PUCCH resource and SR PUCCH resource both configured with PUCCH format 1 collide, then a PUCCH resource for HARQ-ACK with payload more than 2 bits is used, zero padding can be considered to minimize specification change & implementation change:
In this case the payload is given by [HARQ bit(s)] + SR bit + zero or more padding bit.
· If there are 2 HARQ-ACK bits, then the 1 SR bit is included in the payload, so there are 3 bits in the payload (2 HARQ-ACK bits + 1 SR bit).
· If there are 1 HARQ-ACK bit, then 1 SR bit and 1 padding bit are included, so there are 3 bits in the payload (1 HARQ-ACK bit + 1 SR bit + 1 padding bit). 

We have
Observation 2-1: Channel selection with PUCCH Format 1 brings much complication to UCI multiplexing.

Proposal 2-1: in Rel-17, when HARQ-ACK PUCCH resource and SR PUCCH resource both configured with PUCCH format 1 collide, then a PUCCH resource for HARQ-ACK with payload more than 2 bits is used, zero padding can be considered to minimize specification change & implementation change:
In this case the payload is given by [HARQ bit(s)] + SR bit + zero or more padding bit.
· If there are 2 HARQ-ACK bits, then the 1 SR bit is included in the payload, so there are 3 bits in the payload ( 2 HARQ-ACK bits + 1 SR bit).
· If there are 1 HARQ-ACK bit, then 1 SR bit and 1 padding bit are included, so there are 3 bits in the payload (1 HARQ-ACK bit + 1 SR bit + 1 padding bit). 



[bookmark: _Toc68555243]Discussion on PUSCH selection

For UCI multiplexing, from the PUSCHs which are to be transmitted in a slot over one or more CCs, the UE PHY module decides which PUSCH if any will be multiplexed with UCI. UL skipping, either for CG PUSCH or DG PUSCH, is taken care by MAC, no checking is necessary on the PHY module part, the PHY module just take the aftermath of any UL skipping decision by MAC. 
  
Note even in Rel-15, selection of PUSCH for UCI multiplexing follows a complicated procedure. A clarification was found necessary on that and a conclusion was captured in the chairman’s notes of RAN1 #97 (designated as “RAN1 #97 clarification” in the following):




First we note DG PUSCH, CG PUSCH and PUSCH carrying SPS-CSI are all candidates to for UCI multiplexing. Also for CG PUSCH, for the procedure to be executable without involving back-and-forth interaction between MAC and PHY, the reference to CG PUSCH in the RAN1 #97 clarification should be to actual CG PUSCH transmission not to CG PUSCH transmission occasion. Also the SPS-CSI carrying PUSCH referred in the procedure refers to an actual PUSCH transmission in a slot, not just a SPS-CSI carrying PUSCH transmission occasion. We have 

Observation 2-2: In Rel-15, PUSCH selection procedure clarified by Step 2 in the RAN1 #97 clarification applies to actual PUSCH transmissions.

Also for the third priority, it has “Dynamic grant PUSCHs > PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH”. We note there is no MAC PDU generated for SP-CSI carrying PUSCH; hence design hinging on MAC PDU generation only for UL skipping does not fit the Rel-15 design.

Observation 2-3: DG PUSCHs, CG PUSCHs, and PUSCHs configured by semiPersistentOnPUSCH are candidates for UCI multiplexing.  And a PUSCH without MAC PDU can be selected for UCI multiplexing.  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      With the RAN1 #97 clarification, one can see for the case SP CSI over PUSCH is present, even if a PUCCH overlaps with CG PUSCH occasion, the UCI over PUCCH is not necessarily multiplexed to CG PUSCH.

With the RAN1 #97 clarification, it is also clear PUSCH selection for UCI multiplexing works with candidates over all CC. Not directly working with the current PUSCH selection procedure as captured by the RAN# #97 clarification but trying to examine the cases over a single CC and extend the solution to multiple CCs can be problematic.  

Observation 2-4: Using a few examples with overlapping channels in discussion is helpful to understand the complex nature of the underlying design issue, but the complex nature of UCI multiplexing cannot be adequately covered by them.

As UE has considerable autonomy in using CG PUSCH (subject to restrictions concerning DG/CG PUSCHs in PHY and MAC specifications), it is also clear that CG PUSCH transmission cannot be precisely controlled by gNB, which leads to 

Observation 2-5: There is an unremovable uncertainty in PUSCH selection for UCI multiplexing once CG configuration is activated.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
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From the above discussions, there are two factors to make full alignment in UCI multiplexing between UE and gNB difficult:
1. SR status
2. CG PUSCH
Note both depend on the exact buffer status and traffic arrival at UE, gNB cannot be expected to be aware of their instantaneous status. Through gNB configuration, gNB can mitigate the uncertainty in UCI multiplexing to its own advantage.  
[bookmark: _Toc68555245]Solution 1 for UCI multiplexing and PUSCH skipping
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Figure 3 Processing flow for UCI multiplexing with PHY indication of PUSCH with UCI multiplexing to MAC
For UCI multiplexing without physical layer priority or lch-basePrioritization, the RAN1 #102-e agreement applies. Note the exact details for the case without either physical layer priority or lch-basedPrioritization are still to be finalized, a common understanding on the involved changes can be captured as:
· PHY identifies a PUSCH for UCI multiplexing
· PHY indicates to MAC the identified PUSCH is a target for UCI multiplexing.
· MAC generates MAC PDU honoring PHY’s request (i.e. the identified PUSCH is a target for UCI multiplexing). In parallel, PHY assumes the previously identified PUSCH is available for UCI multiplexing, and can perform any preparatory processing for UCI multiplexing according to that.

As for the cases with configured physical layer priority and/or lch-basedPrioritization, in previous meeting, there were suggestions the RAN1 #102-e agreement or its design principle can be extended to them. If that were to be done, then we have the following
1. Stage 1 [PHY]: PHY identifies a PUSCH for UCI multiplexing
2. Stage 2 [PHY->MAC]: PHY indicates to MAC the identified PUSCH is selected by PHY for UCI multiplexing.
3. Stage 3 [MAC->PHY]: MAC generates MAC PDU considering PHY’s request. In parallel, PHY assumes the previously identified PUSCH is available for UCI multiplexing, and can perform any preparatory processing for UCI multiplexing according to that.
4. Stage 4 [PHY]: PHY takes the grant(s) from MAC, and finalize PUCCH/PUSCH transmission. If UCI multiplexing is assumed to be carried over a PUSCH in Stage 2, yet MAC fails to deliver the grant for the PUSCH, or MAC delivers a PUSCH which blocks the generation of the PUSCH selected by PHY (SP-CSI carrying PUSCH), then the UCI can be dropped, we provide more discussion on that in Section 6. 

Now it should be clear for Stage 1, PHY needs first to identify a PUSCH for UCI multiplexing if any, and it is also clear at that time as MAC has not made decision concerning whether or what MAC PDUs will be generated for the slot of interest, the selection of PUSCH for UCI multiplexing in Stage 1 has to be  over hypothetical PUSCH transmissions assumed by PHY at the time rather actual PUSCH transmissions as in Rel-15 NR prior to the RAN1 102-e agreement; the demarcation between hypothetical PUSCH transmissions and actual PUSCH transmissions  is key. 

Note for L1 intra-UE prioritization, since actual PUSCHs are not assumed to be known at Stage 1, there are a few options on what should be included there (shown in the red box):
· DG PUSCHs may be included in the intra-UE prioritization (shown in the red box), but CG PUSCHs are excluded. 
· PUCCHs only. 

In either case, specification change is necessary as the processing order of PUSCH selection and intra-UE prioritization may be different. 
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In Section 2.1, we have analyzed the uncertainty created by overlapping PUCCH resources for HARQ-ACK/SR at PUCCH format 1. We also note that is mainly an issue for gNB blind detection, but not for UE complexity prior to the RAN1 #102-e agreement. 

The situation changes with the RAN1 #102-e agreement. First it should be clear the chicken-egg situation should be avoided: MAC requires PHY indication for MAC’s decision making, and at the same time PHY requires MAC’s decision for UCI multiplexing. And it should not be forgotten the whole UL skipping related UCI multiplexing effort started with the goal to minimize gNB blind detection. Hence even if MAC could furnish PHY of its decision, e.g. concerning SR and configured grant generation, and PHY could take that into consideration in its processing, the outcome of UCI multiplexing would be changed one way or another due to that, over which gNB has no knowledge– which does not fulfill the original design goal at all. Thus the outcome of UCI multiplexing should be affected as little as possible by factors outside gNB’s control, e.g. the SR status. 

Hence it is reasonable to assume at Stage 1, as a design principle PHY does not expect its processing be changed by SR status and configured grant PUSCHs, and consequently PHY has not received (and will not receive) any indication concerning SR status or configured grant PUSCH(s), which is exactly the assumption taken by the approach presented in Section 4.  In Section 5, we also present an alternative solution which assumes UE PHY works with known SR status at the input of the UCI multiplexing procedure. 

To avoid the uncertainty created by overlapping PUCCH resources for HARQ-ACK/SR at PUCCH format 1, then it becomes necessary to take out the uncertainty so all the complicated processing still leads to something useful to some entity (in this case the gNB).

We have 

Proposal 3-1: To mitigate the uncertainty in UCI multiplexing, the occurrence of HARQ-ACK PUCCH resource at PUCCH format 1 and SR PUCCH resource at PUCCH format 1 should be avoided. One of the following alternatives is selected:
· Alt. 1:  HARQ-ACK PUCCH resource and SR PUCCH resource cannot be both configured with PUCCH format 1
· Alt. 2: If HARQ-ACK PUCCH resource and SR PUCCH resource overlap, then they won’t be both at PUCCH format 1.
· Alt. 3: SR is assumed to be negative in Stage 1.
· Alt. 4: SR is assumed to be positive in Stage 1.
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At RAN1 #92bis, the following was agreed:

R1-1805599	Summary of remaining issues for UCI multiplexing on PUSCH	Qualcomm
Decision: The document is noted.

Agreements:
· For SP-CSI on PUSCH or A-CSI-only on PUSCH colliding with SR/HARQ-ACK with the same starting symbol within the same CC, adopt the proposals in the table below 
	SP-CSI on PUSCH without UL-SCH
	A-CSI-only on PUSCH without UL-SCH
	HARQ-ACK
	SR
	Proposal

	
	*
	
	· 
	Drop A-CSI-only on PUSCH, transmit SR on PUCCH. (follow LTE approach)

	
	*
	*
	*
	Drop A-CSI-only on PUSCH, transmit SR and HARQ-ACK on PUCCH. (follow LTE approach) 

	*
	
	
	*
	Drop SP-CSI on PUSCH, transmit SR on PUCCH (follow LTE approach)

	*
	
	*
	*
	Drop SP-CSI on PUSCH, transmit HARQ-ACK and SR on PUCCH (follow LTE approach)



· The symbol “*” in SR means when SR is positive
· FFS when the starting symbols among UL transmissions are different in the above scenarios.


In Clause 9 of TS 38.213, it states if PUSCH without UL-SCH (AP CSI only PUSCH or SP-CSI PUSCH) on CC1 overlaps with a PUCCH with positive SR on CC2 (CC2 can be the same or different cell as CC1), then the PUSCH is dropped. The reason should be BSR cannot be sent over a PUSCH without UL-SCH, to ensure buffer status update, the PUSCH without UL-SCH is dropped. Note that PUSCH with AP-CSI is actually considered the priority for PUSCH multiplexing. As whether SR is positive or negative is not known at the gNB, there will be uncertainty in determining where to look for UCIs on the gNB side. Perhaps considering UCI multiplexing including SR over PUSCH without UL-SCH can be considered in future release to avoid somewhat contradictory treatments for non-SR UCI transmission and positive SR transmission.

[image: ]
Figure 4 Dropping PUSCH without UL-SCH

For Rel-16, it can be discussed where this rule should be applied. We also have a few options:
· In Stage 1. PHY in this case may have to assume a status for SR, e.g. Alt. 3 or Alt. 4 from Section 3.1 is taken. If Alt. 1 or Alt. 2 from Section 3.1 is taken, then additional assumption (e.g. SR is assumed to be negative for treatment on SR vs PUSCH without UL-SCH) 
· In Stage 4. Then SR status becomes known to PHY at Stage 4, then all the previous processing concerning SR should not have any dependence on SR status, otherwise PHY will have too many hypotheses for PUCCH resource Z to track.

[bookmark: _Toc68555248]Complications with SP CSI PUSCH transmission
In TS 38.214 (Clause 5.2.5 Priority rules for CSI reports), it states



By the highlighted text, SP-CSI PUSCH is dropped if it overlaps with a PUSCH with data transmission. With data skipping configured for configured grant PUSCH and dynamic grant PUSCH with UL-SCH, whether a PUSCH transmission occasion with UL-SCH leads to an actual transmission is not known by PHY at stage:
· If the PUSCH with UL-SCH (the “second PUSCH” in TS 38.214) is skipped, then SP-CSI PUSCH is transmitted.
· If the PUSCH with UL-SCH (the “second PUSCH” in TS 38.214) is NOT skipped, then SP-CSI PUSCH is dropped.

As PHY’s indication on PUSCH with UCI multiplexing is supposed to influence MAC’s decision on MAC PDU generation, it seems simpler to exclude SP CSI PUSCH from consideration for UCI multiplexing otherwise cyclic dependence would ensue. One variation can be also considered, e.g. if SP CSI PUSCH does not overlap with any transmission occasion of PUSCH with UL-SCH, then it is eligible for being considered for UCI multiplexing, otherwise SP CSI PUSCH is excluded from the consideration.
[bookmark: _Toc68555249]Discussion on Stage 1
As note in Section 2.1, once CG configurations for CG Type 1 and CG activation for CG Type 2 are provided to the UE, gNB does not have full control on the occurrence of CG PUSCH. To reduce the uncertainty between gNB and UE, a number of treatments can be considered.

There are options for PHY to take in terms of hypothetical PUSCH transmissions as candidates for UCI multiplexing for each physical layer priority:

· DG PUSCH: 
· It seems natural to include DG PUSCH in the hypothetical PUSCHs transmissions as candidates for UCI multiplexing in Stage 1. 
· CG PUSCH occasions:
· As for CG PUSCHs, in Rel-16 multiple CG PUSCH configurations are allowed to overlap in time on the same CC. For PHY to decide among all the overlapping CG PUSCHs (and some of them may overlap with DG PUSCHs) what CG PUSCH(s) should be included as candidates for UCI multiplexing can be a convolved work, and PHY may not even have the necessary information to make a determination (e.g. How is PHY going to determine whether DG PUSCH overrides CG PUSCH or a whether HP CG PUSCH overrides a LP DG PUSCH?). To handle the question whether CG PUSCHs should be allowed as candidates for UCI multiplexing in Stage 1, there are two alternatives:
· CG-Alt. 1: CG PUSCHs are not considered as hypothetical PUSCH transmissions in Stage 1;
· CG-Alt. 2: CG PUSCHs are considered as hypothetical PUSCH transmissions in Stage 1; then complicated rules to deal with CG/CG, CG/DG overlapping and potentially with different physical layer priorities become necessary. every configured grant (CG) PUSCH occasion meeting the timeline condition from Section 9.2.5 of TS 38.213 is assumed to be a candidate for UCI multiplexing, if it does not overlap with a DG PUSCH or a CG PUSCH candidate previously admitted as one of the hypothetical PUSCH transmissions. 
· The details for CG-Alt. 2 are provided in Section 4.
· SP-CSI PUSCH:
· For PUSCHs configured by semiPersistentOnPUSCH, two alternatives can be considered also:
· SP-Alt. 1:  PUSCHs configured by semiPersistentOnPUSCH are not included in the hypothetical PUSCH transmissions in Stage 1;
· When a positive SR collides with SP CSI PUSCH, SP CSI PUSCH should be dropped according to the Rel-15 NR design. Here the status of SR (positive or negative) is not assumed to be known by PHY, if PHY assumes the overlapping SR is negative, then SP-CSI PUSCH can be included for UCI multiplexing. If the overlapping SR turns out to be positive, then PHY needs to drop the SP-CSI PUSCH.  
· SP-Alt. 2: PUSCHs configured by semiPersistentOnPUSCH are considered as hypothetical PUSCH transmissions in Stage 1;
· Since in Rel-16, SP-CSI carrying PUSCH is always of the low physical layer priority, for high physical layer priority, PUSCHs configured by semiPersistentOnPUSCH are not included. 
· The details for SP-Alt. 2 are provided in Section 4.


Hence depending on the choice taken for the inclusion in the hypothetical PUSCH transmissions for Stage 1 concerning CG PUSCHs and PUSCHs configured by semiPersistentOnPUSCH, there can be 4 solutions ({CG-Alt. 1, SP-Alt. 1}, {CG-Alt. 1, SP-Alt. 2}, etc). Note such selection of PUSCH needs to be conducted for each physical layer priority. 

Then for Stage 1, a modified Step 2 from RAN1 #97 clarification is used if {CG-Alt. 1, SP-Alt. 1} is taken:  




Then for Stage 1, a modified Step 2 from RAN1 #97 clarification is used if {CG-Alt. 2, SP-Alt. 2} is taken:  




		
We have

Proposal 3-2: For PUSCH selection with hypothetical PUSCH transmissions, the following priority order is used:
· First priority: PUSCH with A-CSI as long as it overlaps with Z
· Second priority: earliest PUSCH slot(s) based on the start of the slot(s)
· If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the following priorities (sequentially from high to low)
· Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective ConfiguredGrantConfig > semiPersistentOnPUSCH
· Fourth priority: PUSCHs on serving cell with smaller serving cell index > PUSCHs on serving cell with larger serving cell index
· Fifth priority: Earlier PUSCH transmission > later PUSCH transmission 
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Depending on the nature of UCI in PUCCH resource Z, e.g. whether the UCI includes HARQ-ACK , CSI, or SR, MAC may decide whether generating MAC PDU simply to safeguard the transmission of CSI only UCI is warranted or not. 

Note With the SR related information in resource Z provided by PHY, 
If the PUSCH selected for UCI multiplexing is with UL-SCH, MAC has the choice to either prioritize SR’s transmission by not generating a MAC PDU for any PUSCH which would collide with resource Z, or it can prioritize UCI multiplexing (excluding SR) by generating MAC PDU for the PUSCH selected for UCI multiplexing.
If the PUSCH selected for UCI multiplexing is without UL-SCH, MAC has the choice to indicate to PHY 1) not to multiplex UCIs over the PUSCH selected for UCI multiplexing by PHY, by providing positive SR in Stage 4, so PHY can check whether it can send UCIs over resource Z. 

For each physical layer priority:
· Considering all the alternatives in Stage 1 concerning CG PUSCH/SP-CSI PUSCH, PHY sends an indication to MAC concerning the selected PUSCH, which can be a DG PUSCH, CG PUSCH, or SP CSI PUSCH, including its starting symbol and duration, the corresponding physical layer priority of the selected PUSCH is also indicated to MAC.
· Note: in Rel-16 SP CSI over PUSCH is always at the low physical layer priority. Hence in Rel-16, for the low physical layer priority, a selected PUSCH at the high physical layer priority can be either a DG PUSCH or CG PUSCH from Stage 1; for future releases, SP CSI over PUSCH at the high physical layer priority can be also selected by the UE from Stage 1.
· If SP-CSI carrying PUSCH is selected for UCI multiplexing, and MAC needs to protect that PUSCH (e.g. not generating MAC PDU for a PUSCH which would overlap with the SP-CSI carrying PUSCH), the starting symbol and duration of the SP-CSI carrying PUSCH needs to be made available to MAC)
· For a PUCCH resource Z, the following are indicated to MAC:
· the starting symbol and duration (the number of OFDM symbols in the PUCCH)
· the UCI payload: information about SR (e.g. SR resource IDs) conveyed in resource Z, and optionally whether HARQ-ACK and/or CSI is included.
· Specific to the choice of {CG-Alt.1, SP-Alt.1}, PHY sends an indication to MAC concerning the selected PUSCH, which is DG PUSCH, including its starting symbol and duration, the corresponding physical layer priority of the selected PUSCH is also indicated to MAC, the starting symbol and duration of PUCCH and its UCI contents.

We have
Proposal 3-3: UE PHY provides the following to UE MAC:
· the PUSCH selected for UCI multiplexing
· PUCCH resource Z
· For a PUCCH resource Z, the following are indicated to MAC:
· the starting symbol and duration (the number of OFDM symbols in the PUCCH)
· the UCI payload: information about SR (e.g. SR resource IDs) conveyed in resource Z, and optionally whether HARQ-ACK and/or CSI is included.

[bookmark: _Toc68555251]Discussion on Stage 3 and Stage 4

· MAC applies LCP (Logical Channel Prioritization), and LCH-based prioritization, and dynamic skipping for DG PUSCH (if configured) and UL skipping for CG to generate a MAC PDU;
· MAC can override the request from PHY: e.g. PHY indicates one DG (CG) PUSCH for UCI multiplexing, the MAC may generate one CG (DG) PUSCH instead of the indicated DG PUSCH
· At Stage 3,  the outcome can be one of the following:
· Outcome 1: 
· 	1> if  the PUSCH selected for UCI multiplexing is with UL-SCH,  MAC generates MAC PDU for the PUSCH selected for UCI multiplexing  or
· 	1> if f the PUSCH selected for UCI multiplexing is without UL-SCH, MAC does not generate MAC PDU for another PUSCH to overlap with the PUSCH selected for UCI multiplexing 
· 		2> PHY transmits the PUSCH selected for UCI multiplexing (dropping SR if SR is present in resource Z)

· Outcome 2: the PUSCH selected for UCI multiplexing in Stage 1 does not survive, e.g. MAC generates MAC PDU for a PUSCH overlapping with the PUSCH selected in Stage 1. In this case, there can be two choices:
· Choice 1: PHY drops UCI. This choice is relatively simple from UE implementation of view, and it is preferred if some form of the RAN1 102-e agreement is to be extended to the cases with configured physical layer priority and/or lch-basedPrioritization. 
· We can also consider optimization as follows:
· Outcome 2-1:
1> if  the PUSCH selected for UCI multiplexing is with UL-SCH,  MAC does not generate MAC PDU for the PUSCH selected for UCI multiplexing  or
1> if f the PUSCH selected for UCI multiplexing is without UL-SCH, MAC generates SR or MAC PDU for another PUSCH to overlap with the PUSCH selected for UCI multiplexing 
	2> PHY checks there is no PUSCH overlapping with resource Z on the PUCCH CC or another CC 
		3> PHY transmits resource Z including SR
· Outcome 2-2:
If neither the PUSCH selected for UCI multiplexing nor resource Z can be used by PHY (e.g. MAC does not generate MAC PDU for the PUSCH selected for UCI multiplexing, but MAC generates MAC PDU for a PUSCH overlapping with resource Z), then PHY drops UCI.


· Choice 2: PHY re-run Step 2 in the RAN1 #97 clarification, over actual PUSCH transmissions, for each physical layer priority to determine a PUSCH for UCI multiplexing. With this choice, PHY needs to run Step 2 in RAN1 #97 clarification over hypothetical PUSCH transmissions first in Stage 1, then rerun Step 2 in RAN1 #97 clarification in Stage 3 over actual PUSCH transmissions which may include DG PUSCH, CG PUsCH, SP-CSI carrying PUSHs, due to that, Choice 2 can be called a two-pass procedure. The involved implementation effort can be substantial. 
· It is clear with the two-pass procedure coming with Choice 2, the initially selected PUSCH (from hypothetical PUSCH transmissions) may not be the ultimately selected PUSCH for UCI multiplexing (from actual PUSCH transmissions).

We have
Observation 3-1: when discussing the interaction between PHY and MAC, the demarcation between hypothetical PUSCH transmissions and actual PUSCH transmissions is key.   

Proposal 3-4: if some form of the RAN1 102-e agreement is to be extended to the cases with configured physical layer priority and/or lch-basedPrioritization, there can be 3 outcomes:  

· Outcome 1: 
· 	1> if  the PUSCH selected for UCI multiplexing is with UL-SCH,  and MAC generates MAC PDU for the PUSCH selected for UCI multiplexing  or
· 	1> if the PUSCH selected for UCI multiplexing is without UL-SCH, and MAC does not generate MAC PDU for another PUSCH to overlap with the PUSCH selected for UCI multiplexing 
· 		2> PHY transmits the PUSCH selected for UCI multiplexing (dropping SR if SR is present in resource Z)
· Outcome 2-1:
1> if  the PUSCH selected for UCI multiplexing is with UL-SCH,  and MAC does not generate MAC PDU for the PUSCH selected for UCI multiplexing  or
1> if f the PUSCH selected for UCI multiplexing is without UL-SCH, MAC generates SR or MAC PDU for another PUSCH to overlap with the PUSCH selected for UCI multiplexing 
	2> PHY checks there is no PUSCH overlapping with resource Z on the PUCCH CC or another CC 
		3> PHY transmits resource Z including SR
· Outcome 2-2:
If neither the PUSCH selected for UCI multiplexing nor resource Z can be used by PHY (e.g. MAC does not generate MAC PDU for the PUSCH selected for UCI multiplexing, but MAC generates MAC PDU for a PUSCH overlapping with resource Z), then PHY drops UCI.


[bookmark: _Toc68555252]Further details of Solution 1
In contrast to DG PUSCH, rules are needed to consider CG PUSCH occasions and SP-CSI PUSCHs. We first assume PUSCHs and PUCCH are at the same numerology. In the discussion below, more details about CG-Alt.2 and SP-Alt. 2 are provided.
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Figure 5 Candidate PUSCHs from DG PUSCHs
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Figure 6 candidate PUSCHs from CG PUSCHs/CG PUSCH transmission occasions

At a high level, a candidate PUSCH in slot N (the slot of interest) is one of the following:
· DG PUSCH
· In Figure 6, it shows DG PUSCH 1 repetition 2 and DG PUSCH 2 repetition 1, and DG PUSCH 2 repetition 2 are eligible for UCI multiplexing.
· [CG continuation] CG PUSCH occasion is with a CG configuration with slot aggregation/PUSCH repetition type A/PUSCH repetition type B and at earlier CG transmissions of that CG configuration prior to slot N, an MAC PDU has already been generated by MAC. Hence it is reasonable for PHY to assume CG transmission(s) will continue in slot N.
· Due to TDD configuration, and segmentation due to TDD/invalid symbols which results in with orphan symbols, the earlier CG transmission prior to slot N may take place in a slot not adjacent to slot N say (slot N-2), hence book keeping is needed to for PHY to decide CG continuation in slot N. 
· Were such continued transmissions actual transmissions, any of them in slot N is eligible for UCI multiplexing. We note this is not the case for  [New CG transmission] which is examined below.
· In Figure 6, CG PUSCH1 repetition 4/5/6 are eligible for UCI multiplexing.
· [New CG transmission] CG PUSCH occasion with a CG configuration, for which no MAC PDU has been generated yet, but CG PUSCH is allowed to start in slot N. This includes several sub-cases:
· A CG configuration with a single CG PUSCH with redundancy version 0;
· A CG PUSCH occasion with a CG configuration with slot aggregation/PUSCH repetition type A/PUSCH repetition type B, there is at least one transmission occasion with redundancy version 0 in slot N (denoted as ), and there is zero or more transmission occasions after   in slot N, and they are collectively denoted as  and there are transmission occasions in slot N. Had those transmission occasions been actual PUSCH transmissions, each of them would be eligible for UCI multiplexing.  Considering that, with the intention to somehow mimic the UE behavior over actual PUSCH transmissions for hypothetical transmissions, it seems natural to assume any of them is eligible for UCI multiplexing, i.e.   are all eligible for UCI multiplexing. If among them, eventually  is selected for UCI multiplexing, then PHY needs to generate indication for each of   where :
· PHY needs to generate indication for  in order that MAC generates MAC PDU for the configuration. 
· PHY needs to generate indication for    in order that MAC won’t de-prioritize subsequent transmissions with . Note such discussion on multiple bit indication and their alternatives applies to DG and CG continuation also.
· In one example,    then PHY generates indications for    
· In Figure 2, CG PUSCH repetition 5/6 are eligible for UCI multiplexing, but CG PUSCH repetition 4 is not. Also in Figure 2, CG PUSCH 3 repetition 1/ 2 are eligible for UCI multiplexing.
· Note also CG PUSCH 2 repetition 6 overlaps with CG PUSCH 3 repetition 1, a rule needs to be developed to sort out overlapping CG PUSCHs. 
· [SP-CSI PUSCH]:
· As SP-CSI PUSCH is eligible for UCI multiplexing, it is also considered in Stage 1. 

Then over each CC, the processing order below is followed to derive non-overlapping PUSCHs/PUSCH occasions as hypothetical PUSCHs, basically an candidate admitted earlier for consideration on  UCI multiplexing blocks any PUSCH overlapping with it:
· DG PUSCH >[CG continuation]>[new CG transmission]> [SP-CSI PUSCH]

Considering physical layer priority, if Stage 1 is executed independently for HP and LP , then we can consider Option 1; if Stage 1 is executed with dependence between HP and LP,  then Option 2 and Option 3 can be examined. 
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Figure 7 Illustration for Sets D, C1, C2 and S


· Option 1 for determining hypothetical PUSCH transmissions:
· At  CC k, 
· Let B be the blocking OFDM symbols, for Option 1, B={}
· Run procedure “Candidate admission” below with B:
· For all DG PUSCHs in slot N,  a DG PUSCH in slot N  does not overlap with OFDM symbols from set B, then the DG PUSCH is added to the set  D 
· let  C1 the first set of examined CG PUSCHs be null, i.e. C1 = {},  for continued transmissions from  CG PUSCHs starting from slot N’, N’<N
· For a CG configuration with slot aggregation/PUSCH repetition type A or PUSCH repetition Type B, 
· if the configuration’s first actual transmission starts prior to slot N, all transmission occasions from that CG configuration in slot N if not in conflict with semi-static DL symbols or any symbols in set B or any symbol in set D or set C1 are included in C1; 
· the checking on C1 starts with the lowest CG configuration index and goes on with higher CG configuration index;

· let C2 the second set of examined PUSCHs be null, i.e. C2 = {}, for new CG PUSCHs which can start in slot N
· For a CG configuration with single slot transmission, slot aggregation/PUSCH repetition type A or PUSCH repetition Type B, 
· if there is no actual transmission with the configuration prior to slot N, but the redundancy version configuration of the CG configuration allows MAC to generate MAC PDU starting with a transmission in slot N and the PUSCH transmission is not in conflict with { semi-static DL symbols, any symbol in set B, any symbol in set D, symbols in Set C1, any symbol in Set C2} then the earliest allowable transmission in slot N and subsequent transmission(s) if any are included in C2  (e.g. CG configuration 1 is with slot aggregation and redundancy version sequence [ 0 3 0 3], and slot 100 is with “0”, slot 101 is with “3”, slot 102 is with “0”, slot 103 with “3”. There is no actual transmission from slots 100 and 101, if N=102, then PHY consider CG configuration 1 can commence a transmission in slot 102)
· the checking on C1 starts with the lowest CG configuration index and goes on with higher CG configuration index;

· A SP-CSI PUSCH on the CC is tested for its overlap with {semi-static DL symbols, any symbol in set B, any symbol in set D, symbols in Set C1, any symbol in Set C2}, if there is no overlap, then SP-CSI-PUSCH is admitted as a candidate in set S, otherwise the SP-CSI PUSCH is not included.
· the checking on S starts with the lowest CG configuration index and goes on with higher CG configuration index;
· The hypothetical PUSCHs at CC k is given by 
· With hypothetical PUSCHs from all CCs, Step 2 from RAN1 #97 clarification is executed to identify a PUSCH for UCI multiplexing if any. 


We observe as the procedure can be executed independently for both physical layer priorities, timeline issues with Option 1 may not be so severe. However, it may happen that the selected LP PUSCH for UCI multiplexing may overlap with the selected HP PUSCH for UCI multiplexing, MAC can in this case generates only a single MAC PDU.


· Option 2 for determining hypothetical PUSCH transmissions:
· For CC k, run Procedure “Candidate admission” for HP PUSCHs with B  
· the resulted sets are denoted as 
· Choice for B:
· Option 2-H1: B =  
· Option 2-H2: B = {the set of OFDM symbols occupied by DG  LP PUSCHs in slot N}  
· In Rel-16, SP-CSI PUSCH is of low priority, so the step in “candidate admission” procedure for SP-CSI PUSCH is omitted for the HP PUSCHs.

· For CC k, run Procedure “Candidate admission” for LP PUSCHs with  B
· the resulted sets are denoted as 
· Choice for B:
· Option 2-L1: B = { HP PUSCH if any selected for UCI multiplexing }    
· Note HP PUSCH if any selected for UCI multiplexing can be from a CG PUSCH, which is not necessarily covered by set 
· 
· Option 2-L2: B = { HP PUSCH if any selected for UCI multiplexing }       
· Besides HP DG, HP CG continuation can also block LP PUSCHs.
· Option 2-L3: B = { HP PUSCH if any selected for UCI multiplexing }             

Note with Option 2, as the “candidate admission” procedure for LP PUSCHs cannot start until the selection of PUSCH for HP UCI multiplexing finishes, a DCI scheduling HP DG PUSCH has to come at least X (X>= N2) symbols prior to the start of any LP PUSCH on any CC; perhaps a simpler requirement that a DCI scheduling HP DG PUSCH has to come at least X (X>= N2) symbols prior to the start of slot N can be considered for Option 2.

Option 3 further considers HP PUCCHs in selecting a LP PUSCH for UCI multiplexing, which creates even more timeline dependence between HP channels and LP channels. We list Option 3 here to emphasize its problem.

· Option 3 for determining hypothetical PUSCH transmissions:
· For CC k, run Procedure “Candidate admission” for HP PUSCHs with  B  
· the resulted sets are denoted as 
· Choice for B:
· Option 2-H1: B =  
· Option 2-H2: B = {the set of OFDM symbols occupied by DG  LP PUSCHs in slot N}  
· In Rel-16, SP-CSI PUSCH is of low priority, so the step in “candidate admission” procedure for SP-CSI PUSCH is omitted for the HP PUSCHs.

· For CC k, run Procedure “Candidate admission” for LP PUSCHs  with  B
· the resulted sets are denoted as 
· Choice for B:
· Option 2-L1: B = { HP PUSCH if any selected for UCI multiplexing, and HP PUCCHs }    
· Note HP PUSCH if any selected for UCI multiplexing can be from a CG PUSCH, which is not covered by set 
· 
· Option 2-L2: B = { HP PUSCH if any selected for UCI multiplexing, and HP PUCCHs }       
· Besides HP DG, HP CG continuation can also block LP PUSCH.
· Option 2-L3: B = { HP PUSCH if any selected for UCI multiplexing, and HP PUCCHs }             

Observation 4-1: considering CG PUSCHs and SP-CSI PUSCHs in Stage 1 is possible, but the involved specification work is substantial.

[bookmark: _Toc68555253]Solution 2 for UCI multiplexing and PUSCH skipping

SR has a dual identity: one as PUCCH, another as a subject for LCH based prioritization. When LCH based prioritization is configured, if SR is present in UCI in resource Z, and further if the SR is a positive SR and of a higher LCH priority than PUSCH, then a colliding PUSCH should be dropped. If the SR is a negative SR, then the MAC PDU should be generated by MAC for the colliding PUSCH, so UCI multiplexing over that PUSCH can be conducted. If UE PHY is not aware of the status of SR in resource Z, then generation of the PHY indication for UCI multiplexing becomes problematic. 

Recall in Rel-15, when SR collides with PUSCH with data, SR is dropped. Hence either UE PHY should make the assumption the SRs in the resource Z are negative, and generates an indication accordingly, or LCH based prioritization is not configured so the Rel-15 SR/PUSCH with data handling can be used. 

(Note in discussion in Section 3.4, either a fixed SR status (e.g. all SRs involved in UCI multiplexing are negative SRs) is assumed, or the question on SR status is avoided by eliminating collision of PUCCHs at PUCCH Format 1 for SR and HARQ-ACK). To avoid grave discrepancy between PHY assumption (that all involved SRs are negative) and SR’s actual status, we can consider in this section a solution different from that taken in Section 4: 
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Figure 8 UCI multiplexing with actual SR indications from MAC
We still consider processing with 4 stages.

At Stage 1, UE PHY receives positive SR indications from MAC if any. With that,  PHY does not need to make any assumption on the status of SR, as SR status from MAC is available to PHY.

Then the channel selection issue pointed out for PUCCH format 1 and in general the uncertainty in SR status is avoided from UE processing’s point of view (gNB still needs to deal with uncertainty in UCI multiplexing, hence it is still to gNB’s own advantage not to configure colliding PUCCHs at PF1 for SR and HARQ-ACK). Note in this case, besides SR status, UE PHY does not need to know anything about UL skipping, DG/CG prioritization as a precondition. To avoid cyclic dependence between MAC and PHY, then it may be necessary to split the LCH based prioritization between data and data from that between data and SR (for UE capability and RRC configuration from gNB), otherwise the generation of SR and generation of MAC PDU at MAC is tangled, and PHY would not be in a position to receive SR status prior to MAC’s generation of MAC PDUs.  Also for the same reason, it seems difficult if not impossible to develop a logically sound solution when both SR/data and data/data LCH based prioritization are enabled. 

We have

Proposal 5-1: To avoid the necessity for PHY to assume SR status for UCI multiplexing, RAN2 should split the LCH based prioritization between data and data from LCH based prioritization between data and SR so separate UE capabilities and RRC configurations from gNB are supported for SR/data LCH based prioritization and data/data LCH based prioritization when UL skipping is configured.

At Stage 2: PHY indicates PUCCH resource Z (starting symbol and duration of PUCCH), UCI contents of PUCCH resource Z (SR with SR resource ID(s), HARQ, CSI) to MAC.

Stage 4 can be modified as follows:

	With resource Z found, and the UE PHY generates an indication to MAC for PUSCH with UCI multiplexing, UE PHY indicates the involved SRs in resource Z, MAC has the choice to generate the MAC PDU for the PUSCH, note data-vs-data or SR-vs-data LCH based prioritization can be performed by MAC. Through the generation of MAC PDU(s), MAC can control whether SR or PUSCH is transmitted:
	If MAC PDU for a PUSCH is generated or the PUSCH with UCI multiplexing (as expected by PHY) is not deprioritized or dropped (e.g. SP CSI PUSCH with UCI does not need MAC PDU generation but it can be dropped due to an overlapping PUSCH with UL-SCH if MAC generates MAC PDU for the overlapping PUSCH) from MAC  due to MAC PDU(s)’ generation, the UCIs in resources except SR(s) are multiplexed over the PUSCH
	If not generated, then UE PHY proceeds to transmit PUCCH resource Z.

Similar to the discussion in Section 3, there can be 3 outcomes: 

Outcome 1:
	1> if  the PUSCH selected for UCI multiplexing is with UL-SCH,  and MAC generates MAC PDU for the PUSCH selected for UCI multiplexing  or
	1> if f the PUSCH selected for UCI multiplexing is without UL-SCH, MAC does not generate SR or MAC PDU for another PUSCH to overlap with the PUSCH selected for UCI multiplexing 
		2> PHY transmits the PUSCH selected for UCI multiplexing (dropping SR if SR is present in resource Z)

Outcome 2:
	1> if  the PUSCH selected for UCI multiplexing is with UL-SCH,  and MAC does not generate MAC PDU for the PUSCH selected for UCI multiplexing  or
	1> if the PUSCH selected for UCI multiplexing is without UL-SCH, and MAC generates SR or MAC PDU for another PUSCH to overlap with the PUSCH selected for UCI multiplexing 
		2> PHY checks there is no PUSCH overlapping with resource Z on the PUCCH CC or another CC 
			3> PHY transmits resource Z including SR

Outcome 3:
	if neither the PUSCH selected for UCI multiplexing nor resource Z can be used by PHY (e.g. MAC does not generate MAC PDU for the PUSCH selected for UCI multiplexing, but MAC generates MAC PDU for a PUSCH overlapping with resource Z), then PHY drops UCI.
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In this contribution we provide our view on UL skipping considering physical layer priority and LCH based prioritization. We have

Observation 2-1: Channel selection with PUCCH Format 1 brings much complication to UCI multiplexing.

Observation 2-2: In Rel-15, PUSCH selection procedure clarified by Step 2 in the RAN1 #97 clarification applies to actual PUSCH transmissions.


Observation 2-3: DG PUSCHs, CG PUSCHs, and PUSCHs configured by semiPersistentOnPUSCH are candidates for UCI multiplexing.  And a PUSCH without MAC PDU can be selected for UCI multiplexing.  


Observation 2-4: Using a few examples with overlapping channels in discussion is helpful to understand the complex nature of the underlying design issue, but the complex nature of UCI multiplexing cannot be adequately covered by them.

Observation 2-5: There is an unremovable uncertainty in PUSCH selection for UCI multiplexing once CG configuration is activated.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

Observation 3-1: when discussing the interaction between PHY and MAC, the demarcation between hypothetical PUSCH transmissions and actual PUSCH transmissions is key.   


Proposal 2-1: in Rel-17, when HARQ-ACK PUCCH resource and SR PUCCH resource both configured with PUCCH format 1 collide, then a PUCCH resource for HARQ-ACK with payload more than 2 bits is used, zero padding can be considered to minimize specification change & implementation change:
In this case the payload is given by [HARQ bit(s)] + SR bit + zero or more padding bit.
· If there are 2 HARQ-ACK bits, then the 1 SR bit is included in the payload, so there are 3 bits in the payload (2 HARQ-ACK bits + 1 SR bit).
· If there are 1 HARQ-ACK bit, then 1 SR bit and 1 padding bit are included, so there are 3 bits in the payload (1 HARQ-ACK bit + 1 SR bit + 1 padding bit). 


Proposal 3-1: To mitigate the uncertainty in UCI multiplexing, the occurrence of HARQ-ACK PUCCH resource at PUCCH format 1 and SR PUCCH resource at PUCCH format 1 should be avoided. One of the following alternatives is selected:
· Alt. 1:  HARQ-ACK PUCCH resource and SR PUCCH resource cannot be both configured with PUCCH format 1
· Alt. 2: If HARQ-ACK PUCCH resource and SR PUCCH resource overlap, then they won’t be both at PUCCH format 1.
· Alt. 3: SR is assumed to be negative in Stage 1.
· Alt. 4: SR is assumed to be positive in Stage 1.


Proposal 3-2: For PUSCH selection with hypothetical PUSCH transmissions, the following priority order is used:
· First priority: PUSCH with A-CSI as long as it overlaps with Z
· Second priority: earliest PUSCH slot(s) based on the start of the slot(s)
· If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the following priorities (sequentially from high to low)
· Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective ConfiguredGrantConfig > semiPersistentOnPUSCH
· Fourth priority: PUSCHs on serving cell with smaller serving cell index > PUSCHs on serving cell with larger serving cell index
· Fifth priority: Earlier PUSCH transmission > later PUSCH transmission 


Proposal 3-3: UE PHY provides the following to UE MAC:
· the PUSCH selected for UCI multiplexing
· PUCCH resource Z
· For a PUCCH resource Z, the following are indicated to MAC:
· the starting symbol and duration (the number of OFDM symbols in the PUCCH)
· the UCI payload: information about SR (e.g. SR resource IDs) conveyed in resource Z, and optionally whether HARQ-ACK and/or CSI is included.


Proposal 3-4: if some form of the RAN1 102-e agreement is to be extended to the cases with configured physical layer priority and/or lch-basedPrioritization, there can be 3 outcomes:  

· Outcome 1: 
· 	1> if  the PUSCH selected for UCI multiplexing is with UL-SCH,  and MAC generates MAC PDU for the PUSCH selected for UCI multiplexing  or
· 	1> if the PUSCH selected for UCI multiplexing is without UL-SCH, and MAC does not generate MAC PDU for another PUSCH to overlap with the PUSCH selected for UCI multiplexing 
· 		2> PHY transmits the PUSCH selected for UCI multiplexing (dropping SR if SR is present in resource Z)
· Outcome 2-1:
1> if  the PUSCH selected for UCI multiplexing is with UL-SCH,  and MAC does not generate MAC PDU for the PUSCH selected for UCI multiplexing  or
1> if  the PUSCH selected for UCI multiplexing is without UL-SCH, and MAC generates SR or MAC PDU for another PUSCH to overlap with the PUSCH selected for UCI multiplexing 
	2> PHY checks there is no PUSCH overlapping with resource Z on the PUCCH CC or another CC 
		3> PHY transmits resource Z including SR
· Outcome 2-2:
If neither the PUSCH selected for UCI multiplexing nor resource Z can be used by PHY (e.g. MAC does not generate MAC PDU for the PUSCH selected for UCI multiplexing, but MAC generates MAC PDU for a PUSCH overlapping with resource Z), then PHY drops UCI.

Proposal 5-1: To avoid the necessity for PHY to assume SR status for UCI multiplexing, RAN2 should split the LCH based prioritization between data and data from LCH based prioritization between data and SR so separate UE capabilities and RRC configurations from gNB are supported for SR/data LCH based prioritization and data/data LCH based prioritization when UL skipping is configured.
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[bookmark: _Hlk61010213]3GPP TSG RAN WG1 #104-e		R1-2100026
e-Meeting, January 25th – February 5th, 2021

3GPP TSG-RAN WG2 Meeting #112-e	R2-2011124
Online, 2nd – 13th Nov, 2020 

Title:	LS on overlapped data and SR are of equal L1 priority
Response to:	
Release:	Rel-16
Study Item:	NR_IIOT-Core

Source:	TSG RAN WG2
To:	TSG RAN WG1
Cc:	
Contact Person:	
Name:	Tao Cai
E-mail Address:	Tao.Cai@huawei.com

1. Overall Description:
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. 
2. Actions:
RAN2 respectfully asks RAN1 to confirm if the intended UE behavior mentioned above can be supported.

3. Date of Next TSG-RAN WG2 Meetings:	
3GPPRAN2#113	25 Jan - 5 Feb 2021	Online
3GPPRAN2#113bis	12 - 20 April 2021	Online
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3GPP TSG RAN WG1 #104-e	           R1-2102244 
e-Meeting, January 25th – February 5th, 2021

Title:	Reply LS on overlapped data and SR are of equal L1 priority
Response to:	R1-2100026 
Release:	Rel-16
Work Item:	NR_IIOT-Core

Source:	RAN1
To:	RAN2
Cc:	
Attachments:          
Contact Person:	
Name:	                Lihui Wang
E-mail Address:  wanglihui@vivo.com

       1. Overall Description:
RAN1 would like to thank RAN2 for the LS R1-2100026 (R2-2011124) onhandling collision between SR and PUSCH with an equal L1 priority.
RAN1 discussed the following cases when LCH based prioritization is configured. The examples are provided in the figures for each case. 
· Case 1: only SR overlaps with PUSCH of equal L1 priority
· Case 2: 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
· Case 2-1: the final PUCCH resource after UCI multiplexing among different PUCCHs carrying HARQ-ACK/CSI and SR does not overlap with the PUSCH
· Case 2-2: the final PUCCH resource after UCI multiplexing among different PUCCHs carrying HARQ-ACK/CSI and SR overlaps with the PUSCH
· Case 3: other UCI(s) i.e., HARQ-ACK/CSI overlaps with a PUSCH of an equal L1 priority, SR overlaps with the PUSCH of equal L1 priority, but other UCI(s) do not overlap with the SR
· Case 4: other UCI(s), i.e., HARQ-ACK/CSI overlaps with SR of an equal L1 priority, but SR does not overlap with the PUSCH of an equal L1 priority


Case 1: only SR overlaps with PUSCH of equal L1 priority



Case 2-1: the final PUCCH resource after UCI multiplexing does not overlap with PUSCH



Case 2-2: the final PUCCH resource after UCI multiplexing overlaps with PUSCH



Case 3: other UCI(s) overlaps with a PUSCH, SR overlaps with the PUSCH, SR does not overlap with other UCI(s)
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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

For case 1, RAN1 is positive in principle and thinks that the intended UE behaviour as described in the LS, can be supported if the CR R1-2009687 is implemented into the specification. But, some companies in RAN1 think it may have impacts on the PHY processing timeline.
For case 2-1, if there are other UCI(s) i.e., HARQ-ACK/CSI of the equal L1 priority overlapping with SR, and the final PUCCH resource after UCI multiplexing among different PUCCHs does not overlap with the PUSCH and does not overlap with any other PUSCH if any, RAN1 has the following two understandings: 
· 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.
For case 2-2 and case 3, RAN1 has the following two different understandings:
· 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.
For case 4, if there is no resource overlapping between SR and PUSCH of an equal L1 priority, and the final PUCCH resource after UCI multiplexing among different PUCCHs overlap with the PUSCH, RAN1 has the following two understandings: 
· 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.

       2. Actions:
To RAN2 group
ACTION: 
RAN1 respectfully ask RAN2 to provide their views on which understanding (understanding 1 or 2 above) is the intended MAC layer behavior or to provide an alternate understanding, for above case 2-1, case 2-2, case 3 and case 4.  

3. Date of Next RAN1 Meetings:
TSG-RAN WG1 Meeting #104bis-e			12th April – 20th April 2021		E-meeting.
TSG-RAN WG1 Meeting #105-e			        19th May – 27th May 2021		E-meeting.
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Wednesday conclusion (amended on Thursday as shown): 
For the issue raised in the draft CR R1-1906302, the intended UE behavior per specification is commonly understood as 
follows: 



• For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1 first, 
then followed by step 2: 



o Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource Z) 
on PCC. This step is done per PUCCH slot.  



o Step 2: UCI, that doesn’t include SR, in Z is multiplexed into one PUSCH, if Z overlaps with at least one 
PUSCH, following the priorities (sequentially from high to low) as listed below. 



§ First priority: PUSCH with A-CSI as long as it overlaps with Z 
§ Second priority: earliest PUSCH slot(s) based on the start of the slot(s) 
§ If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the 



following priorities (sequentially from high to low) 
• Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective 



ConfiguredGrantConfig or semiPersistentOnPUSCHconfigured grant PUSCHs 
• Fourth priority: PUSCHs on CC serving cell with smaller CC serving cell index > 



PUSCHs on CC serving cell with larger CC serving cell index 
• Fifth priority: Earlier PUSCH transmission > later PUSCH transmission  



Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies 
among PUCCH and PUSCHs. 
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If a semi-persistent CSI report to be carried on PUSCH overlaps in time with PUSCH data transmission in one or more 
symbols on the same carrier, and if the earliest symbol of these PUSCH channels starts no earlier than N2+d2,1 symbols 
after the last symbol of the DCI scheduling the PUSCH where d2,1 is the maximum of the d2,1 associated with the 
PUSCH carrying semi-persistent CSI report and the PUSCH with data transmission, the CSI report shall not be 
transmitted by the UE. Otherwise, if the timeline requirement is not satisfied this is an error case. 



If a UE would transmit a first PUSCH that includes semi-persistent CSI reports and a second PUSCH that includes an 
UL-SCH and the first PUSCH transmission would overlap in time with the second PUSCH transmission, the UE does 
not transmit the first PUSCH and transmits the second PUSCH. The UE expects that the first and second PUSCH 
transmissions satisfy the above timing conditions for PUSCH transmissions that overlap in time when at least one of the 
first or second PUSCH transmissions is in response to a DCI format detection by the UE. 
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PUSCH selection with hypothetical PUSCH transmissions: 
At each physical layer priority: 



• For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1 
first, then followed by step 2: 



o Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource Z). 
This step is done per PUCCH slot.  



o Step 2: UCI, that doesn’t include SR, in Z is multiplexed into one PUSCH, if Z overlaps with at least 
one PUSCH, following the priorities (sequentially from high to low) as listed below. 



§ First priority: PUSCH with A-CSI as long as it overlaps with Z 
§ Second priority: earliest PUSCH slot(s) based on the start of the slot(s) 
§ If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the 



following priorities (sequentially from high to low) 
• Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective 



ConfiguredGrantConfig or semiPersistentOnPUSCH 
• Fourth priority: PUSCHs on serving cell with smaller serving cell index > PUSCHs on 



serving cell with larger serving cell index 
• Fifth priority: Earlier PUSCH transmission > later PUSCH transmission  



Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies 
among PUCCH and PUSCHs. 
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