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1	Introduction
In RAN#86, the work item on Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved [1]. Further, the WID was revised in RAN#88e, where the updated WID [2] includes the following objective: 
Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
1. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
2. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel.16 as the baseline 
This topic was discussed during the last meetings.  In RAN#94e, the following was endorsed:
	· Proposal for Issue 5:
· RAN1 is tasked to complete the remaining normative work for Rel-17 Enhanced IIoT & URLLC by Q1 of 2022
· All RAN1 decisions that impact other WGs should be finalized in RAN1#107bis-e
· RAN to guide RAN1 to focus on the discussions on Capabilility#1 only in Q1 2022 for Rel-17 intra-UE multiplexing framework



In the following, we discuss our view on the remaining issues of intra-UE multiplexing and prioritizations.
[bookmark: _Ref178064866]2	Discussion
2.1 Procedure and timeline for Intra-UE multiplexing/prioritization
In RAN1#106bis and RAN1#107 the following agreements were made
	Agreement
The following working assumption is confirmed.
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Note: Avoid recursive pseudo-code to implement this procedure
Note: It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable
Agreement
For handling overlapping PUCCHs/PUSCHs with different priorities, Step 2 consists of the following sub-steps:
-	Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
-	Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities.




2.1.1 Resultant PUCCH with multiplexed HP and LP UCI 

Step 2 in the multiplexing procedure should aim to avoid recursive steps. The following proposal was made in [5]:
	[High priority] Proposal 1-3-4b:
A resultant PUCCH with multiplexed HP and LP UCI in step 2 is not expected to be overlapped with another HP PUCCH or a HP PUSCH.



Here we assume that the resultant PUCCH is the single resource for multiplexing UCI associated with resources [image: ]in TS 38.213 Clause 9.2.5. We agree that it is difficult to handle a resultant PUCCH that overlaps with another HP PUCCH, considering that the resultant PUCCH after resolving overlap might change the occupied PUCCH resource. The proposal does not cover the case where the resultant PUCCH overlaps with a LP PUCCH. In this case it’s preferred to use Rel-16 rule and cancel the LP PUCCH in order to avoid recursion.
[bookmark: _Toc92833995]A resultant PUCCH with multiplexed HP and LP UCI in step 2.1 is not expected to be overlapped with a HP PUCCH.
[bookmark: _Toc92833996]If a resultant PUCCH with multiplexed HP and LP UCI in step 2.1 overlaps with a LP PUCCH, cancel the LP PUCCH.
Overlapping with a PUSCH however does not lead to a recursive step, since the UCI will be multiplexed onto the PUSCH, and the resultant PUSCH will not change location or duration. Therefore, any overlap with a PUSCH can be resolved in a single time step and the additional restriction in the proposal is not needed. 
2.1.2 Two PUCCH Carrying HARQ-ACK 
Another scenario that could occur is that a PUSCH overlaps with two (or more) sub-slot PUCCHs carrying HARQ feedback. 
If the two (or more)  sub-slot HARQ-ACK PUCCHs have the same priority (both are HP, or both are LP), it is not clear how to multiplex two different HARQ codebooks in a single PUSCH. In R16, it is an error case if a PUSCH overlaps with two sub-slot PUCCHs, where all have the same priority, see the agreement in RAN1#101 copied in the Appendix. We suggest to reuse the Rel-16 rule in Step 1 for this case. For example, the cases illustrated in Figure 1 are considered error cases in Rel-17 also. In short, the following is proposed.
[bookmark: _Toc92833997](Reuse Rel-16 rule in Step 1) For a given priority index, it is an error case in Rel-17 that more than one PUCCH carrying HARQ-ACK overlap with a PUSCH or another PUCCH.

[image: ]		 [image: ]
             (a)                                                                                                   (b)
[bookmark: _Ref92819892]Figure 1: Exemplary Rel-16 error cases that are also considered error cases in Rel-17.

If the two (or more)  sub-slot HARQ-ACK PUCCHs have the same priority, and the overlapping PUSCH has a different priority, then the cases are allowed, and cancellation of the lower priority channel(s) is applied, similar to Rel-16. This is illustrated in Figure 2.  Thus the following is proposed.
[bookmark: _Toc92833998]If two (or more)  sub-slot HARQ-ACK PUCCHs with the same priority overlap with a PUSCH with a different priority, then the lower priority channel(s) are cancelled.

[image: ]		[image: ]
             (a)                                                                                                   (b)
[bookmark: _Ref92819895]Figure 2: Exemplary cases when two HARQ-ACK PUCCH of same priority overlap with a PUSCH of different priority. The low priority channel(s) is cancelled.

If the two sub-slot HARQ-ACK PUCCHs have different priority, then they are multiplexed onto the overlapping PUSCH using the Rel-17 procedure. This is illustrated in Figure 3 below, and the following is proposed.
[bookmark: _Toc92833999]If two PUCCHs of different priorities carrying HARQ-ACK overlap with a PUSCH, the two PUCCHs are multiplexed onto the PUSCH.
[image: ]		[image: ]

             (a)                                                                                                   (b)

[bookmark: _Ref92820678]Figure 3: Exemplary cases when two HARQ-ACK PUCCH of different priorities overlap with a PUSCH. The two HARQ-ACK are multiplexed onto the PUSCH.

2.1.3 Select the PUSCH to multiplex with an overlapping PUCCH in Step 2.2
One question is, it’s not clear on which PUSCH to multiplex the UCI in case a PUCCH overlaps with several PUSCHs, when PUCCH and PUSCH of different priorities overlap in Step 2.2. Our preference here is to reuse the R15/R16 rules, with minor extension where necessary. 

One consideration is whether simultaneous PUCCH/PUSCH is applicable.
· If simultaneous transmission of PUCCH and PUSCH is applicable, then do not perform the UCI onto the PUSCH.
· Otherwise, select the PUSCH for UCI multiplexing using the Rel15/Rel16 rule.

Another consideration is, whether Rel-17 supports multiplexing the UCI in question with the overlapping PUSCH.
· Select the PUSCH for UCI multiplexing using the Rel15/Rel16 rule. 
· If Rel-17 supports multiplexing the UCI in question with the overlapping PUSCH, then perform the multiplexing;
· Otherwise, dropping the lower priority channel(s).


[bookmark: _Toc92834000]Reuse the R15/R16 rules for PUSCH selection for UCI multiplexing, with only necessary enhancements for Rel-17.

2.1.4 Scheduling restriction due to overlapping PUCCH and PUSCH
There is a scheduling restriction in Rel-15/16 that will restrict scheduling of HP PDSCH if LP PUSCH is already scheduled:
	38.213 Clause 9:
A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release, a DCI format 1_1 indicating SCell dormancy, or a DCI format including a One-shot HARQ-ACK request field with value 1, and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission. 



The situation is shown in Figure 4. In Rel-16, since the HP UCI is not multiplexed onto the LP PUSCH, the gNB can schedule HP PDSCH with quick HARQ feedback even if it has scheduled a LP PUSCH earlier. In Rel-17, if the Clause above is not updated, the HP UCI will be multiplexed onto the LP PUSCH, so the scheduling restriction above applies and does not allow the gNB to schedule the HP PDSCH. 
[image: ]
[bookmark: _Ref92819898]Figure 4: Scheduling restriction in Rel-15/16 restricts scheduling flexibility of HP PDSCH in Rel-17 compared to Rel-16.

In order to have the same scheduling flexibility of HP PDSCH in Rel-17 as in Rel-16 we propose the following:
[bookmark: _Toc92834001]Update the scheduling restriction to allow multiplexing PUSCH and HARQ-ACK of different priorities.

For instance, the 38.213 Clause can be updated by adding a phrase as shown below.
	38.213 Clause 9:
A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release, a DCI format 1_1 indicating SCell dormancy, or a DCI format including a One-shot HARQ-ACK request field with value 1, and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission, where the HARQ-ACK information and the PUSCH have the same priority index. 


2.2	Multiplexing UCI of different priorities
2.2.1	Multiplexing UCIs of different priority onto PUCCH
For separate coding of 1 or 2 bit HARQ-ACK information in a PUCCH, the following three options where presented in [6]. 
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2, for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding and down-select from the following options:
· Option 1a: Introduce Table 5.3.3.1-1A to TS 38.212 Clause 5.3.3.1 for encoding 1-bit information. Reuse Rel-15 TS 38.212 Clause 5.3.3.2 for encoding 2-bit information. Reuse the Rel-15 PUCCH scrambling.
Table 5.3.3.1-1A: Encoding of 1-bit information 
	

	
Encoded bits 

	1
	


	2
	


· Option 1b: Reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit. Reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit. Apply the Rel-15 PUSCH scrambling.
· Option 2: Reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.

Option 1a and 1b are functionally equivalent, but 1a involves smaller specification changes. Option 2 performs worse than options 1a or 1b. Our preference here is 1a). Alternatively, we can accept Option 2 considering the impact to specification and implementation.
[bookmark: _Toc92834002]As a first preference, adopt option 1a for encoding of 1 or 2 bit HARQ feedback when HP and LP HARQ-ACK are separately encoded and multiplexed onto a PUCCH. Adopt RM coding as a second preference.
There is potential ambiguity on LP HARQ codebook existence or size due to missed detection of DCI. We note that this mis-detection issue can be solved by implementation by using a larger AL for the PDCCH that schedules the last LP PDSCH. The alternative solution of introducing an additional DCI field will affect the performance of all PDCCH transmission and decrease PDCCH coverage.
[bookmark: _Toc92834003]Do not introduce a DCI field indicating the T-DAI of LP HARQ-ACK.
For multiplexing HARQ-ACK and SR with different priorities we support the following proposal from last meeting [6]:
[bookmark: _Toc92834004]When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1, for positive SR, transmit HARQ-ACK on the SR PUCCH resource.
[bookmark: _Toc92834005]When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1, for negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.

2.2.2	Multiplexing UCIs of different priority onto PUSCH
When UCI of different priority is to be multiplexed on a PUSCH, the following agreement was made in RAN1#107bis:
	Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, 
· The CSI part 2 is dropped. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· Reuse R15 CSI part 1 rate matching and RE mapping for LP HARQ-ACK.
· Reuse R15 CSI part 2 rate matching and RE mapping for LP CSI part 1.
· FFS for LP CSI consisting of single part.
Note: Apple raised concern on CSI being dropped unnecessarily which could cause performance and degrade usefulness of URLLC enhancement.



For the similar case of multiplexing HARQ-ACKs onto HP PUSCH, a similar solution can be applied. That is: 
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK and HP A-CSI consisting of two parts would be transmitted on HP PUSCH conveying UL-SCH, LP HARQ-ACK is dropped. 
On the other hand, this can be simply understood as: the HP PUSCH is transmitted as is, and the LP HARQ-ACK is dropped.
[bookmark: _Toc92834006]When an LP HARQ-ACK overlaps with a HP PUSCH, and the HP PUSCH contains HP HARQ-ACK and HP CSI, then: the HP PUSCH is transmitted as is, the LP HARQ-ACK is dropped.

2.2.3 Power control for PUCCH with low and high priority
In RAN1#107-e, the following agreement was made for power control of HARQ-ACK of different priorities.
	Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· At least for PUCCH format 3/4, use the HP UCI bit number and HP RE number for ∆TF,b,f,c(i) formula selection and calculation
· For PUCCH format 1, use the total UCI bit number for ∆TF,b,f,c(i) calculation.
· FFS for PUCCH format 2.



In our view, multiplexing of HP HARQ-ACK and LP HARQ-ACK onto PUCCH format 2 should be supported, and the same power control procedure should apply to PUCCH format 2. Recall that in existing power control procedure for PUCCH, PUCCH format 2,3,4 are treated the same. 
[bookmark: _Toc92834007]For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, the power control procedure for PUCCH format 3 and 4 is also applied to PUCCH format 2.

2.3	Prioritizing DG/CG-PUSCH with different priorities
Agreements have been made in the previous meetings for supporting PHY layer prioritization between a high priority grant (either DG or CG) and a low priority grant (either CG or DG).  We discuss the remaining issues to complete the feature in Rel-17.
2.3.1	Scenario details
With PHY layer prioritization between DG and CG of different priorities, the MAC may be allowed to send two, or one, or zero, PDUs to the two overlapping grants.   
It should be clarified what scenarios are expected, or not expected, in Rel-17. In our view, if MAC sends two PDUs to the two overlapping grants, this is only expected if the later grant has higher PHY priority than the earlier grant. Otherwise, if the later grant has lower PHY priority, then MAC is not expected to send two PDUs to PHY for the two overlapping grants, i.e., the MAC can send a PDU to only one of the two overlapping grants. This echoes the RAN2#109e conclusion below, where the second PDU has higher LCH priority even if the two overlapping PUSCH has the same PHY priority.
	RAN2 #109e Chairman’s Notes:
Observation, acc to current R2 agreements: In case that two MAC PDUs with the same L1 priority (i.e. high-high or low-low) are delivered by MAC, the second PDU has priority from RAN2 perspective (based on LCH priority). 



Thus, the new scenario Rel-17 handles occurs when MAC has generated the LP PDU and passed it to PHY, after which MAC generated the HP PDU for the overlapping grant of the same carrier. This results in the case where PHY handles the two overlapping grants, each with a PDU from MAC.  In contrast, in Rel-16, MAC ensures that only one PDU is delivered to PHY if there are two overlapping PUSCH.

[bookmark: _Toc84028555][bookmark: _Toc92834008]MAC may send two PDUs to two overlapping grants only if the later grant has higher PHY priority than the earlier grant.

2.3.2	Order of operation
The 2-step framework Working Assumption was agreed in RAN1#106e (see section 2.1).  It should be clarified if DG/CG prioritization is performed before Step 1 in the framework or performed as part of Step 2.2.
In our view, this issue should take into account the following conclusion, which was made under Rel-16 URLLC maintenance in RAN1#107e:
	Conclusion
In the Rel-16 multiplexing/prioritization procedures described in TS 38.213 section 9, the UE is expected to apply the procedures to the PUSCH(s) for which a transport block is delivered by MAC, while the PUSCH(s) for which a transport block is not delivered is ignored.



The principle is, when two overlapping PUSCH grants exist, the 38.213 multiplexing/prioritization procedure only needs to handle a single PUSCH, where the single PUSCH was selected before entering the multiplexing/prioritization procedure.  In Rel-15/16, the selection was based on MAC decision.
For the Rel-17 cases of overlapping DG-PUSCH and CG-PUSCH of different priorities, the same principle should be applied. The PHY procedure only takes actual PUSCH as input (i.e., no hypothetical PUSCH is taken as input), regardless of which, and how many, PDUs are delivered by MAC. For handling overlapping UL grants, one new scenario (i.e., MAC delivers two PDU for the two overlapping grants) is added on top of scenarios handled by Rel-16 (i.e., MAC delivers one PDU to one of the two overlapping grants), and the gNB hypothesis testing has to handle one more scenario. In summary:
· (Same as in Rel-16) When MAC delivers one PDU to one of the overlapping grants, then the multiplexing/prioritization procedure takes as input the PUSCH with a transport block, while the PUSCH(s) for which a transport block is not delivered is ignored. 
· (New case in Rel-17) When MAC delivers two PDUs to both of the overlapping grants, then the LP PUSCH is cancelled and ignored, while the HP PUSCH is preserved and participates in the multiplexing/prioritization procedure.

[bookmark: _Toc92834015]For Rel-17, one new scenario (i.e., MAC delivers two PDU for two overlapping grants) is added on top of scenarios handled by Rel-16 (i.e., MAC delivers one PDU for two overlapping grants). 

Thus, similar to Rel-16, the PUCCH/PUSCH multiplexing/prioritization procedure does not need to deal with two overlapping PUSCHs. This can be equivalently considered as performing DG/CG prioritization in Step 0 in the framework:
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 0: Resolve overlapping DG-PUSCH and CG-PUSCH with different priorities.
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities. 

Additionally, performing DG/CG prioritization before Step 1 has the benefit of preserving LP PUCCH:
· If DG/CG prioritization is performed in Step 0, then UCI multiplexing is performed after DG/CG prioritization. This allows the LP UCI overlapping with LP PUSCH to be transmitted by LP PUCCH, i.e., not dropped together with the LP PUSCH.
· If DG/CG prioritization is performed as part of Step 2.2, then the LP UCI overlapping with LP PUSCH is dropped together with the LP PUSCH, since the LP UCI is already multiplexed onto the LP PUSCH in Step 1.

[bookmark: _Toc84028556][bookmark: _Toc92834009]DG/CG prioritization is performed before Step 1 of the framework for multiplexing/prioritization.

This proposal also resolves the issue of how to identify the PUSCH for multiplexing with UCI. 
For example, in (A) of Figure 5 below, when CG PUSCH 1 of low PHY priority is deprioritized by a DG PUSCH 1 of high PHY priority, it is not clear which PUSCH is the PUCCH (LP) to be multiplexed on.
· If identification of PUSCH for UCI multiplexing is performed before CG-vs-DG prioritization, then CG PUSCH 1 (LP) is multiplexed with PUCCH (LP), and the UCI is discarded together with CG PUSCH 1.
· If identification of PUSCH for UCI multiplexing is performed after CG-vs-DG prioritization, then CG PUSCH 2 (LP) is multiplexed with PUCCH (LP), and the UCI is multiplexed onto CG PUSCH 2 (LP) for transmission.
Thus, it is preferrable to identify PUSCH for UCI multiplexing is performed after CG-vs-DG prioritization. This allows the new scenario of (A) in the figure to be a simple addition to the Rel-16 scenarios ((B) and (C) in the figure), i.e., no change to the processing of scenarios without DG-CG overlap.

[bookmark: _Toc84028557][bookmark: _Toc92834010]Identification of PUSCH for UCI multiplexing is performed after CG-vs-DG prioritization.


[image: ]
[bookmark: _Ref87038004]Figure 5: For one set of scheduled grants, depending on the outcome of MAC PDU generation, PHY may need to handle 3 multiplexing/prioritization cases
2.3.3	LCH-based prioritization and UL skipping related procedure
In Rel-16 maintenance, it was a difficult issue if/how to simultaneously configure two features introduced in Rel-16 [4]: 
(a) LCH-based prioritization, where the Rel-16 RRC parameter is lch-basedPrioritization.
(b) UL skipping related procedure, where Rel-16 introduced two RRC parameters enhancedSkipUplinkTxDynamic, and enhancedSkipUplinkTxConfigured.
The issue was resolved in RAN1#107e with the following agreement, i.e., lch-basedPrioritization and Rel-16 UL skipping cannot be simultaneously enabled in Rel-16.
	Agreement
In response to RAN2 LSs (R1-2106409, R1-2110755), the following RAN1 responses are agreed.
· RAN1 confirms RAN2’s following working assumption.
· When lch-BasedPrioritization is not configured and Rel-16 CG/DG PUSCH skipping is enabled, DG always overrides CG.
· RAN1 cannot confirm RAN2’s WA on LCH based prio has higher priority than UL skipping, and RAN1 inform RAN2 that when lch-basedPrioritization is configured, Rel-16 UL skipping cannot be enabled in Rel-16.
· RAN1 confirms that the following intended UE behavior can be supported:
· Given the understanding in RAN1 that when lch-basedPrioritization is configured and Rel-16 UL skipping cannot be enabled in Rel-16, 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.



Since Rel-17 multiplexing/prioritization procedure is even more complicated than Rel-16, we propose that the same understanding to be extended to Rel-17 as well. Then, either (a) or (b) can be configured in Rel-17, but not configured simultaneously.

[bookmark: _Toc92834011]Adopt the same understanding as in Rel-16, i.e., when lch-basedPrioritization is configured, Rel-16 UL skipping cannot be enabled in Rel-17.

2.3.4	Timeline considerations
2.3.4.1	Timing for HP DG-PUSCH vs LP CG-PUSCH
In 38.214 section 6.1, “UE procedure for transmitting the physical uplink shared channel”, the following text specifies the timeline requirement for the scheduling PDCCH where DG-PUSCH cancels CG-PUSCH:
[image: ]
For Rel-17, the same processing timeline can be applied, even though Rel-17 has the further description that DG-PUSCH has higher priority than CG-PUSCH. This is illustrated in Figure 6.
[bookmark: _Toc84028559][bookmark: _Toc92834012]For the scenario of HP DG vs LP CG, reuse Rel-15 timeline for the scheduling PDCCH.
[image: ]
[bookmark: _Ref92634017]Figure 6:  Rel-15 PDCCH timeline for prioritizing DG over CG

Furthermore, the cancellation timeline Tproc,2 for HP DG-PUSCH vs LP CG-PUSCH has been addressed in the agreement below, i.e., Tproc,2 is extended by d3 in Rel-17. Thus, the overall timeline for HP DG-PUSCH vs LP CG-PUSCH is summarized in Figure 7.

	Agreement
For the overlapping between LP CG and HP DG, if MAC delivers two MAC PDUs to PHY, PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. 
· On top of Rel-16 cancellation time (N2+d1) for PUCCH/PUCCH or PUCCH/PUSCH collision, additional time d3 is needed (which results N2+d1+d3 in total cancellation time) for LP CG-PUSCH and HP DG-PUSCH collision resolution.
· (Working assumption) d3 = {0, }symbol(s) upon UE capability report, where  for SCS=15/30/60/120kHz, respectively.



[image: ]
[bookmark: _Ref92629129]Figure 7:  Rel-17 PDCCH timeline (N2) and cancellation timeline (Tproc,2) for prioritizing DG over CG

2.3.4.2	Timing for HP CG-PUSCH vs LP DG-PUSCH
For the scenario of low-priority overlapping with high-priority CG, the PDCCH timing and cancellation timing are considered below.
In Rel-15/Rel-16, no timeline requirement exists for the scheduling PDCCH. For Rel-17, there is no need to introduce new requirement either, since the UE should be fully aware of CG-PUSCH status internally, and can adequately handle the cancellation of DG-PUSCH via implementation.  This is illustrated in Figure 3.
[bookmark: _Toc84028560][bookmark: _Toc92834013]For the scenario of LP DG vs HP CG, no new timeline requirement is introduced for the scheduling PDCCH.
[image: ]

Figure 8: Rel-17 timeline for prioritizing CG over DG

For the cancellation timing, the agreement from RAN1#106bis is adequate.
	Agreement
For collision between HP CG PUSCH and LP DG PUSCH, if MAC delivers two MAC PDUs to PHY, PHY layer can make the prioritization so that the UE is expected to transmit the CG PUSCH and cancel the DG PUSCH at latest from the first symbol that is overlapping with the CG PUSCH.
· Note: For the DG PUSCH, it is up to UE implementation to handle OFDM symbols of the DG PUSCH before the start of HP CG PUSCH which are nonoverlapping with the HP CG PUSCH.
· FFS: How to handle the collision when there is repetition for CG and/or DG PUSCH


 
Thus the overall timeline for HP DG-PUSCH vs LP CG-PUSCH is summarized in Figure 9.
[image: ]
[bookmark: _Ref92629687]Figure 9: Rel-17 PDCCH scheduling timeline (N2) and cancellation timing for prioritizing CG over DG.

2.4 Simultaneous PUCCH and PUSCH transmission
For simultaneous PUCCH and PUSCH transmission, our preference is to use this feature as an alternative to multiplexing of different priorities. The outcome of step 1 in the framework for intra UE multiplexing is non-overlapping LP channels and non-overlapping HP channels. If the UE is capable of transmitting these channels simultaneously, then no multiplexing step is necessary. For the supported case of inter-band simultaneous PUCCH and PUSCH, it is proposed to run step 2 in the multiplexing framework per band. The outcome of this procedure will then be a non-overlapping set of channels in each band. The resulting overlapping PUCCH and PUSCH (if any) in different bands can be simultaneously transmitted.
[bookmark: _Toc84028561][bookmark: _Toc92834014]When simultaneous PUCCH/PUSCH is enabled, perform step 2 in the intra-UE multiplexing framework per band, so that PUCCH and PUSCH can be transmitted simultaneously on different bands.

It is further noted that the PUCCH/PUSCH multiplexing/prioritization is performed for each PUCCH group separately. Thus the inter-band simultaneous PUCCH/PUSCH transmission is only meaningful if the PUCCH and PUSCH belong to the same PUCCH group. 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	For Rel-17, one new scenario (i.e., MAC delivers two PDU for two overlapping grants) is added on top of scenarios handled by Rel-16 (i.e., MAC delivers one PDU for two overlapping grants).

Based on the discussion in the previous sections we propose the following:
Proposal 1	A resultant PUCCH with multiplexed HP and LP UCI in step 2.1 is not expected to be overlapped with a HP PUCCH.
Proposal 2	If a resultant PUCCH with multiplexed HP and LP UCI in step 2.1 overlaps with a LP PUCCH, cancel the LP PUCCH.
Proposal 3	(Reuse Rel-16 rule in Step 1) For a given priority index, it is an error case in Rel-17 that more than one PUCCH carrying HARQ-ACK overlap with a PUSCH or another PUCCH.
Proposal 4	If two (or more)  sub-slot HARQ-ACK PUCCHs with the same priority overlap with a PUSCH with a different priority, then the lower priority channel(s) are cancelled.
Proposal 5	If two PUCCHs of different priorities carrying HARQ-ACK overlap with a PUSCH, the two PUCCHs are multiplexed onto the PUSCH.
Proposal 6	Reuse the R15/R16 rules for PUSCH selection for UCI multiplexing, with only necessary enhancements for Rel-17.
Proposal 7	Update the scheduling restriction to allow multiplexing PUSCH and HARQ-ACK of different priorities.
Proposal 8	As a first preference, adopt option 1a for encoding of 1 or 2 bit HARQ feedback when HP and LP HARQ-ACK are separately encoded and multiplexed onto a PUCCH. Adopt RM coding as a second preference.
Proposal 9	Do not introduce a DCI field indicating the T-DAI of LP HARQ-ACK.
Proposal 10	When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1, for positive SR, transmit HARQ-ACK on the SR PUCCH resource.
Proposal 11	When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1, for negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.
Proposal 12	When an LP HARQ-ACK overlaps with a HP PUSCH, and the HP PUSCH contains HP HARQ-ACK and HP CSI, then: the HP PUSCH is transmitted as is, the LP HARQ-ACK is dropped.
Proposal 13	For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, the power control procedure for PUCCH format 3 and 4 is also applied to PUCCH format 2.
Proposal 14	MAC may send two PDUs to two overlapping grants only if the later grant has higher PHY priority than the earlier grant.
Proposal 15	DG/CG prioritization is performed before Step 1 of the framework for multiplexing/prioritization.
Proposal 16	Identification of PUSCH for UCI multiplexing is performed after CG-vs-DG prioritization.
Proposal 17	Adopt the same understanding as in Rel-16, i.e., when lch-basedPrioritization is configured, Rel-16 UL skipping cannot be enabled in Rel-17.
Proposal 18	For the scenario of HP DG vs LP CG, reuse Rel-15 timeline for the scheduling PDCCH.
Proposal 19	For the scenario of LP DG vs HP CG, no new timeline requirement is introduced for the scheduling PDCCH.
Proposal 20	When simultaneous PUCCH/PUSCH is enabled, perform step 2 in the intra-UE multiplexing framework per band, so that PUCCH and PUSCH can be transmitted simultaneously on different bands.
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Appendix. Relevant Existing Agreements

Agreement (RAN1#101)
It is an error case for Rel-16 that more than one PUCCH carrying HARQ-ACK overlapping with a PUSCH or another PUCCH with the same priority
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