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[bookmark: _Toc54284037]1. Introduction
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.


 In this contribution, we review the underlying design issues and propose a way forward.  
Review on NR design 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 (the meaning of “one-pass procedure” will be made more clear later). 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 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 1:
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:
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, the UCI over PUCCH is not necessarily multiplexed to CG PUSCH.
Review on NR design after the RAN1 #102-e agreement

For UCI multiplexing without physical layer priority 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 non-skippable.
· MAC generates MAC PDU honoring PHY’s request (i.e. the identified PUSCH is non-skippable). 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.

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. 


Discussion on Stage 1

There are options for PHY to assume in terms of hypothetical PUSCH transmissions for Step 2 in the RAN1 #97 clarification for each physical layer priority:

· It seems natural to include DG PUSCH in the hypothetical PUSCHs transmissions as candidates for UCI multiplexing in Stage 1. 
· As for CG PUSCHs, considering in Rel-16 that multiple CG PUSCH configurations which can overlap in time on the same CC, are allowed, to let PHY 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 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. 
· For PUSCHs configured by semiPersistentOnPUSCH, two alternatives can be considered also:
· SP-Alt. 1:  PUSCHs configured by semiPersistentOnPUSCH are not hypothetical PUSCH transmissions in Stage 1;
· 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. 

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. 

Discussion on Stage 2
Depending on the nature of UCI, e.g. whether the UCI includes HARQ Ack or it is just for CSI, MAC may decide whether generating MAC PDU simply to safeguard the transmission of CSI only UCI is warranted or not. 

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)
· 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.
· It is also possible to indicate the UCI type (e.g. including HARQ or not including HARQ to help MAC prioritize MAC PDU generation) to MAC to help MAC whether the UCI is worthy protection.


Discussion on Stage 3

· 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, there are two outcomes:
· Outcome 1: the PUSCH selected for UCI multiplexing in Stage 1 survives, so UCI multiplexing can be carried over the selected PUSCH;
· 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. 
· 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), which totally defeats the original design purpose in RAN #102-e agreement of keeping blind detection at gNB low. However, we also feel it is incorrect to let the UCI multiplexing consideration dictate MAC behavior, i.e. to make the initially selected PUSCH be always transmitted/nonskippable, as the initial selection of PUSCH itself is made with limited information available at PHY.

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

From the discussion above, due to complicated nature of design, we don’t feel we can start with agreeing on some high-level design goals and try to fill out the details next; the behavior at each stage should be discussed.   

We have
Proposal: 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, when MAC PDU generation leads to the initially selected PUSCH for UCI multiplexing being dropped, PHY drops UCI.   

[bookmark: _Toc54284050]Conclusion
In this contribution we provide our view on UL skipping considering physical layer priority and LCH based prioritization. We have

Observation 1:
In Rel-15, PUSCH selection procedure clarified by the RAN1 #97 clarification applies to actual PUSCH transmissions.

Observation 2:
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 3: when discussing the interaction between PHY and MAC, the demarcation between hypothetical PUSCH transmissions and actual PUSCH transmissions is key.

Proposal: 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, when MAC PDU generation leads to the initially selected PUSCH for UCI multiplexing being dropped, PHY drops UCI.   


	1/6	
image1.emf



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 semiPersistentOnPUSCH 
• 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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