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1. Introduction
After RAN1#107-e meeting, some features of Rel-17 URLLC/IIOT have been completed in time, such as CSI feedback enhancement, enhancement for unlicensed band and propagation delay compensation enhancement [1] [2]. But the features of UE feedback enhancement for HARQ-ACK and intra-UE multiplexing/prioritization have not been 100% finished. The progress of intra-UE multiplexing/prioritization is much slower than expectation. The situation of UE feedback enhancement for HARQ-ACK is relatively good as the individual sub-features have been completed in general and only the interaction between different sub-features are not fully addressed [2]. 
In this contribution, we first summarize the progress of the two incomplete features in RAN1. Then, some observations and proposals are provided to find a way to complete the two features in RAN1 before we close the entire Rel-17. 
2. Discussion on progress of UE feedback enhancement for HARQ-ACK
The scope of UE feedback enhancement for HARQ-ACK includes some sub-features, such as SPS HARQ-ACK dropping for TDD, PUCCH repetition enhancement, Type-1 HARQ codebook based on sub-slot PUCCH, retransmission of cancelled HARQ, and PUCCH carrier switch for HARQ feedback. 
All the fundamental issues for each of the independent sub-features have been solved except for two minor issues. The first issue is the value range of HARQ re-tx offset for one-shot HARQ-ACK retransmission. As the value range is fixed in the specification based on the agreement, it doesn’t affect the RRC parameter/MAC CE. The second issue is Type 1 CB construction for PUCCH cell switching. It is pure physical layer rule and will not affect the RRC parameter/MAC CE. We estimate that the two minor issues can be easily addressed in RAN1 maintenance meetings. 
Observation 1: For UE feedback enhancement for HARQ-ACK, all the critical issues for each independent sub-feature have been resolved in general, and the remaining issues could be easily addressed in RAN1 maintenance meetings. 
However, there are some remaining issues about the interaction between these sub-features, for example:
· Simultaneous configuration of SPS HARQ deferral and PUCCH repetition 
· Joint operation of SPS HARQ deferral and dynamic PUCCH cell switching
· Simultaneous configuration of Rel-17 intra-UE multiplexing of different priorities and SPS HARQ-ACK deferral
· Simultaneous configuration of one-shot triggering of HARQ re-transmission and SPS deferral
· Interaction between PUCCH repetitions and semi-static PUCCH cell switching
To make it clear, the current status of interaction between these sub-features are summarized in Table 1.
· √ means it has been supported and finished based on RAN1 agreements
·  means it is not supported based on RAN1 conclusions 
· ☆ means it has been discussed in RAN1 while not finished
· ? means we have not discussed it before in RAN1
· Some interactions marked by ? can naturally be supported without additional specification efforts
· Some interactions marked by ?? are not supported unless clear agreements can be reached and specification efforts are needed to support such interaction.
Table 1 status of interaction between sub-features
	
	SPS HARQ deferral
	PUCCH repetition
	Type 3 CB
	Enhanced Type 3 CB
	One-shot triggering
	Semi-static PUCCH cell switch
	Dynamic PUCCH cell switch
	Inter-priority multiplexing

	SPS HARQ deferral
	
	☆
	√
	√
	☆
	√
	☆
	☆

	PUCCH repetition
	
	
	?
	?
	?
	☆
	☆
	??

	Type 3 CB
	
	
	
	??
	
	√
	√
	?

	Enhanced Type 3 CB
	
	
	
	
	
	√
	√
	?

	One-shot triggering
	
	
	
	
	
	√
	
	??

	Semi-static PUCCH cell switch
	
	
	
	
	
	
	
	?

	Dynamic PUCCH cell switch
	
	
	
	
	
	
	
	?

	Inter-priority multiplexing
	
	
	
	
	
	
	
	


As can be observed, there are still 16 combinations which have not been concluded in RAN1, and some of them are controversial according to previous RAN1 discussion. It expects very hard to complete all of them in the two maintenance meetings. On the other hand, it seems also not easy to make conclusion in RAN plenary about which combinations should be supported. Considering the importance of these interactions, our suggestion is RAN1 can strive to conclude these interaction issues in RAN1 January meeting with minimum specification effort and minimum RAN2 impact. For those not concluded, the functions of these interaction issues should be dropped in Rel-17. In this way, the RAN1 March meeting can be dedicated to the remaining issues if any for the agreed interactions. 
Observation 2: There are still lots of issues on interaction between sub-features for UE feedback enhancement for HARQ-ACK.  These issues have not been concluded in RAN1, and some of them are controversial according to previous RAN1 discussion.
Proposal 1: RAN1 strives to conclude the issues on interaction between sub-features for UE feedback enhancement for HARQ-ACK in RAN1 January meeting with minimum specification effort and minimum RAN2 impact. For those not concluded, they should be dropped in Rel-17.
3. Discussion on progress of intra-UE multiplexing/prioritization
3.1.	Framework for intra-UE multiplexing/prioritization
The basic functions of simultaneous x-CC PUCCH/PUSCH transmissions for inter-band CA and PHY prioritization between DG and CG PUSCHs with different priorities have been finished except a d3 value to be confirmed in maintenance stage. The d3 value determination doesn’t affect the RRC parameters.
Observation 3: The basic functions of simultaneous x-CC PUCCH/PUSCH transmissions for inter-band CA and PHY prioritization between DG and CG PUSCHs with different priorities have been finished.
But the progress of intra-UE multiplexing/prioritization is slow. So far, we have only reached the following achievements for the framework for intra-UE multiplexing/prioritization.
· Support DCI indication and/or RRC configuration for gNB to enable/disable the multiplexing
· 2 steps for handling overlapping PUCCHs/PUSCHs with different priorities
· Intra-UE UCI multiplexing timeline
The remaining issues for framework of intra-UE multiplexing and also our views are shown in Table 2 below. 
Table 2 Open issues of the framework of intra-UE multiplexing
	List of open issues
	RAN2 impact
	Our suggestion

	Details of DCI indication for gNB to enable/disable the multiplexing
	No
	Continue discussion with minimum RAN1 specification impact and discard the solutions with RAN2 impact

	Recursive issue after step 2 of multiplexing
	No
	Continue discussion with minimum specification impact

	Additional factors are taken into account for PUSCH selection 
	No
	Continue discussion with minimum specification impact

	Prioritization between the overlapping PUSCH before step 1
	No
	Continue discussion with minimum specification impact

	Support PHR for PUCCH
	Yes
	Not support as RAN2 impact.

	Support of multiplexing between resources with different time unit, for example, slot or sub-slot
	No
	Narrow down the scope to only support the multiplexing based on the same time unit as other cases are too complicated to be finished in time.

	Support multiplexing in case a PUCCH overlaps with more than one PUCCH if conditions are met
	No
	Discard the case as it is too complicated to be finished in time. For example, the overlapping due to different SCS of PUCCHs

	Interaction between Rel-17 intra-UE multiplexing and simultaneous PUCCH/PUSCH transmission
	No
	Not support the interaction as the two functions are contradictory.


It can be seen that there are still too many remaining issues, and it is hardly to finish all of them in time. Some issues are very complex and should be either dropped or simplified. For example, for multiplexing between resources with same or different time unit, we can only support the multiplexing based on the same time unit, which is also the most typical case. For the multiplexing in case a PUCCH overlaps with more than one PUCCH, we could preclude this scenario in the scope. For the interaction between Rel-17 intra-UE multiplexing and simultaneous PUCCH/PUSCH transmission, actually the two functions are contradictory, not supporting the interaction is fine. 
Observation 4: There are still many open issues for the framework of intra-UE multiplexing/prioritization, and some of them are too complex to be completed in time.
Proposal 2: For the remaining open issues for the framework of intra-UE multiplexing/prioritization,
· Some open issues should be dropped or simplified including,
· multiplexing between resources with different time unit, 
· multiplexing in case a PUCCH overlaps with more than one PUCCH, 
· interaction between Rel-17 intra-UE multiplexing and simultaneous PUCCH/PUSCH transmission, 
· RAN1 can continue to discuss the other open issues about framework but the solutions should have minimum RAN1 specification impact and the solutions with RAN2 impact should be discarded.
3.2.	UCI multiplexing in PUCCH with different priorities
For UCI multiplexing with different priorities in PUCCH, we have reached the following achievements for this topic.
· Support separate coding 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 are more than 2 bits; Drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH which has HP A/N; HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.3.3 or Clause 5.3.1 for HP HARQ-ACK or LP HARQ-ACK >2 bit(s).
· Rate matching and RE mapping rules for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH apply at least for PUCCH format 3 and 4.
· Rel-15 design is as baseline for multiplexing on a PUCCH format 0/1 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 2 bits.
· PUCCH resource determination (second PUCCH-Config, PUCCH resource set determination, PRB number determination, power control parameters) for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH.
The remaining issues for UCI multiplexing in PUCCH with different priorities and also our views are shown in Table 3 below.  
Table 3 Open issues of multiplexing UCIs of different priorities in a PUCCH
	List of open issues
	RAN2 impact
	Our suggestion

	The detail coding schemes of HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s) when the total number of LP and HP HARQ-ACK bits is more than 2
	No
	Continue discussion, if no consensus could be achieved, the case is dropped.

	Whether to support multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK on PUCCH Format 2.
	No
	Continue discussion, if no consensus could be achieved, the case is dropped.

	Ambiguity on LP HARQ-ACK type-1 codebook existence or LP HARQ-ACK type-2/type-1 codebook presence codebook size due to DCI mis-detection
	No
	Continue discussion, if no consensus could be achieved, the case is dropped.

	Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations
	No
	Continue discussion, if no consensus be achieved, the case is dropped.

	Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH
	No
	Continue discussion, if no consensus could be achieved, the case is dropped.


Actually all the technical arguments for the remaining issues of multiplexing UCIs of different priorities in a PUCCH have been discussed in several meetings. The technical aspects are very clear and compromise should be made to finish all the issues. We think RAN1 can continue the discussion for the remaining issues. If no consensus could be achieved in RAN1 January meeting, the corresponding case should be dropped. 
Proposal 3: RAN1 strives to conclude on the remaining cases of multiplexing UCIs of different priorities in a PUCCH in RAN1 January meeting, otherwise these cases will be dropped.
3.3.	UCI multiplexing in PUSCH with different priorities
For UCI multiplexing in PUSCH with different priorities, we have finished the most of cases as following.
· For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, support separate coding for the two HARQ-ACKs 
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and CSI
· Support 2 new set of beta offset values configured to the UE to indicate separate beta_offset for multiplexing with different priority combinations; support 0< beta-offset <1
There are only two remaining issues of multiplexing UCIs of different priorities in a PUSCH as shown in Table 4, in which our views are also provided. 
Table 4 Open issues of multiplexing UCIs of different priorities in a PUSCH
	List of open issues
	RAN2 impact
	Our suggestion

	Multiplexing a low-priority HARQ-ACK into a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and CSI
	No
	Continue discussion, if no consensus could be achieved, the case is dropped.

	Sufficient resource is not available for accommodating LP HARQ-ACK on HP PUSCH
	No
	Base on the consequence of first issue. Continue discussion, if no consensus could be achieved, the case is dropped.


The two issues can be resolved by combining the agreed solutions. Therefore, it is expected that the remaining issues can be finished if one additional meeting is allowed. We suggest that RAN1 can continue the discussion to finish the remaining cases as shown in Table 4. Similarly, we have the following proposal. 
Proposal 4: RAN1 strives to conclude on the remaining cases of multiplexing UCIs of different priorities in a PUSCH in RAN1 January meeting, otherwise these cases will be dropped.
4. Conclusions 
In this contribution, we have the following observations and proposals.
Observation 1: For UE feedback enhancement for HARQ-ACK, all the critical issues for each independent sub-feature have been resolved in general, and the remaining issues could be easily addressed in RAN1 maintenance meetings. 
Observation 2: There are still lots of issues on interaction between sub-features for UE feedback enhancement for HARQ-ACK.  These issues have not been concluded in RAN1, and some of them are controversial according to previous RAN1 discussion.
Observation 3: The basic functions of simultaneous x-CC PUCCH/PUSCH transmissions for inter-band CA and PHY prioritization between DG and CG PUSCHs with different priorities have been finished.
Observation 4: There are still many open issues for the framework of intra-UE multiplexing/prioritization, and some of them are too complex to be completed in time.
Proposal 1: RAN1 strives to conclude the issues on interaction between sub-features for UE feedback enhancement for HARQ-ACK in RAN1 January meeting with minimum specification effort and minimum RAN2 impact. For those not concluded, they should be dropped in Rel-17.

Proposal 2: For the remaining open issues for the framework of intra-UE multiplexing/prioritization,
· Some open issues should be dropped or simplified including,
· multiplexing between resources with different time unit, 
· multiplexing in case a PUCCH overlaps with more than one PUCCH, 
· interaction between Rel-17 intra-UE multiplexing and simultaneous PUCCH/PUSCH transmission, 
· RAN1 can continue to discuss the other open issues about framework but the solutions should have minimum RAN1 specification impact and the solutions with RAN2 impact should be discarded.
Proposal 3: RAN1 strives to conclude on the remaining cases of multiplexing UCIs of different priorities in a PUCCH in RAN1 January meeting, otherwise these cases will be dropped.
Proposal 4: RAN1 strives to conclude on the remaining cases of multiplexing UCIs of different priorities in a PUSCH in RAN1 January meeting, otherwise these cases will be dropped.
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