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Introduction
[bookmark: _Hlk525601705][bookmark: _Hlk525602213][bookmark: _Hlk510705081]The work item on enhanced Industrial Internet of Things (IIoT) and URLLC support for NR was approved in RAN#86 and revised during RAN#88e [1]. As one of the objectives, enhancements on intra-UE multiplexing and prioritization were included as below:
1. 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.
1. 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. 
RAN1#102-e was the first meeting discussing this topic. In this contribution, we further discuss the identified open issues, and in addition, the scenarios which have not been discussed in last meeting. To be more specific, issues related to the overlapping CG PUSCH vs. DG PUSCH of different PHY priorities are covered in Section 2. In Section 3, we further discuss the enhancements related to intra-UE multiplexing/prioritization of traffic with different priorities based on RAN1#102-e outcome. Section 4 includes the discussion related to simultaneous PUSCH/PUCCH transmission from different cells.
CG PUSCH vs DG PUSCH of different PHY priorities 
In RAN1#102e, the following agreement was reached on the scenario where high-priority CG PUSCH overlaps with low-priority DG PUSCH:
	Agreements:
Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17.
· FFS details
· Clarify R16 baseline if needed.



On the other hand, there was no agreement in RAN1#102e on the scenario where high-priority DG PUSCH overlaps with low-priority CG PUSCH. However, it’s important to recall that the related Rel-17 WI description on intra-UE multiplexing and prioritization (see Section 1) clearly mentions that this scenario should also be specified, where the relevant text is quoted (again) below:
	a. 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. 



Hence, the scenario where a high-priority DG PUSCH overlaps with low-priority CG PUSCH should be discussed and specified in Rel-17.

Proposal 2.1: As per the Rel-17 WI description on intra-UE multiplexing and prioritization, support PHY prioritization for the scenario where a high-priority DG PUSCH overlaps with a low-priority CG PUSCH.  

High-priority CG PUSCH vs. low-priority DG PUSCH:
Recall that handling the collision of overlapping channels with different priorities where the high-priority channel does not have an associated scheduling PDCCH was already specified in Rel-16 NR, except for the scenario CG PUSCH vs. DG PUSCH with different priorities. The related agreement from Rel-16 is that it is up to UE implementation to ensure that the low-priority UL transmission is cancelled, at the latest, before the start of the high-priority UL transmission. Since the scenario here is quite similar to the scenarios discussed in Rel-16, for which the high-priority channel does not have an associated PDCCH, the same way of handling as specified in TS 38.213 could be adopted.
Proposal 2.2: For the scenario high-priority CG PUSCH vs. low-priority DG PUSCH, it is up to UE implementation to ensure that the low-priority DG PUSCH is cancelled, at the latest, from the first symbol that is overlapping with the high-priority CG PUSCH.
High-priority DG PUSCH vs. low-priority CG PUSCH: 
The handling of this scenario can be the same as handling of collision between a dynamically scheduled high-priority channel and a low-priority channel, which was specified in Rel-16 (except for DG PUSCH vs. CG PUSCH). Specifically, at least the aspects related to cancellation timeline and minimum processing timeline extension, defined in Rel-16 and captured in TS 38.213, sec. 9., can be adopted for the scenario high-priority DG PUSCH vs. low-priority CG PUSCH as follows:
· A UE is expected to cancel the overlapping low-priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first overlapping symbol of the high-priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH scheduling the DG PUSCH.
· The minimum processing timeline for the DG PUSCH should be extended by d2 symbols; d2 is reported as a UE capability.

Proposal 2.3: The Rel-16 handling of the scenarios where a dynamically scheduled high-priority channel overlaps with a low-priority channel is adopted for the scenario of overlapping between high-priority DG PUSCH and low-priority CG PUSCH.

3	Intra-UE multiplexing enhancements for overlapping channels with different priorities
In the following, we will separately discuss the scenarios depending on whether PUSCH is involved or not, i.e. control vs. control and control vs. data. 
3.1	Control channel vs. control channel
In RAN1#102e, the following was agreed regarding the scenarios where a control channel overlaps with another control channel(s):
	[bookmark: _Hlk53565009]Agreements:
· Support multiplexing for following scenarios in R17:
· [bookmark: _Hlk54041121]Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
· For the above multiplexing scenarios,
· FFS conditions, if needed, for the multiplexing, e.g
· Whether to support multiplexing between different resources not confined within a sub-slot.
· Whether to support multiplexing in case a PUCCH overlaps with more than one PUCCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to determine the PUCCH resource used for multiplexing (e.g. HP or LP PUCCH resource, or a dedicated PUCCH resource for the multiplexing).
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling).
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding)
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for enabling multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).




In the following, we discuss different the scenarios and open points covered in the above agreement, in addition to other scenarios and issues that need to be handled.
3.1.1 PUCCH with high-priority HARQ-ACK vs. PUCCH with low-priority HARQ-ACK 
Multiplexing high-priority HARQ-ACK and low-priority HARQ-ACK should be allowed only if this multiplexing does not degrade the high-priority HARQ-ACK performance or if the degradation is acceptable by the network. How to guarantee the reliability and latency of high-priority HARQ-ACK bits should be the main focus when discussing the different aspects of multiplexing for this scenario. 

On how to determine the PUCCH resource to use for multiplexing
An important step towards protecting the high-priority HARQ-ACK is by multiplexing the high-priority HARQ-ACK bits and low-priority HARQ-ACK bits on a PUCCH resource belonging to the PUCCH configuration associated with high-priority codebook; where this resource is sometimes denoted as high-priority PUCCH resource. Indeed, the PUCCH resources for high-priority HARQ-ACK and low-priority HARQ-ACK belong to different PUCCH configurations and consequently they are potentially configured with different parameters (such as power control parameters), respectively. 
In case the high-priority HARQ-ACK has a corresponding PDCCH, this implies that the PUCCH resource for multiplexing could be determined based on the PUCCH resource indicator (PRI) included in that PDCCH as well as the UCI payload (corresponding to the high-priority and low-priority HARQ-ACK bits to be multiplexed). 
On the other hand, for the case where the high-priority HARQ-ACK does not have a corresponding PDCCH, (i.e. in case of SPS PDSCH(s)), there are two cases depending on whether the low-priority HARQ-ACK has a corresponding PDCCH or not. Specifically, if the low-priority HARQ-ACK does not have a corresponding PDCCH (i.e. only LP and HP HARQ of SPS PDSCH), then the high-priority SPS HARQ-ACK can be prioritized and the low-priority SPS HARQ-ACK can be dropped. Whereas if the low-priority HARQ-ACK has a corresponding PDCCH, then we foresee two main alternatives: (i) either assume that the case can be avoided by the network, (ii) or simply drop the low-priority HARQ-ACK. A common aspect between these two alternatives is that multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK is not allowed in case high-priority HARQ-ACK does not have a corresponding PDCCH in order to avoid impacting the performance of high-priority HARQ-ACK.
Proposal 3.1: For the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with another PUCCH carrying low-priority HARQ-ACK:
· If the high-priority HARQ-ACK has a corresponding PDCCH, the multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK, if possible, is done on high-priority PUCCH resource determined by the PRI in the PDCCH and the payload size of the multiplexed UCI.
· FFS how to handle the scenario where the high-priority HARQ-ACK does not have a corresponding PDCCH.

On how to avoid erroneous selection of PUCCH resource set and number of RBs for the multiplexed high- and low-priority HARQ-ACKs
First, it’s worth recalling that based on the existing procedure of PUCCH resource determination, when a UE has received the dedicated PUCCH resource configuration, the PUCCH resource determination for HARQ-ACK feedback can basically occur in 3 steps: 
· UE selects the PUCCH resource set based on the number of UCI bits to be transmitted, i.e. the UCI payload size. 
· DL assignment contains PUCCH resource indicator (PRI) field, and UE selects the PUCCH resource from the selected PUCCH resource set based on the PRI value.
· For some of the PUCCH formats (namely, formats 2 and 3), the UE determines the number of RBs used in the transmission based on the UCI payload and configured maximum code rate. The number of RBs is determined to be smallest number of RBs for which the code rate is below the maximum code rate, capped by the number of RBs configured for the selected PUCCH resource.  

Given its target reliability, it’s safe to assume that high-priority HARQ-ACK codebook (CB) size is determined sufficiently reliably. Hence, we focus on the low-priority HARQ-ACK errors in the multiplexing of low-priority and high-priority HARQ-ACK. In case of Type 2 CB, UE missing the last DL assignment(s) causes erroneous low-priority HARQ-ACK codebook size.
In the following, we assume that the PUCCH resource determination for multiplexing high- and low-priority HARQ-ACKs is done based on the existing procedure described above. It can be noticed that in the determination of PUCCH resource to be used, 2 steps out of 3 depends on the UCI payload size. Errors in low-priority HARQ-ACK codebook size determination may thus cause selection of different PUCCH resource set or use of smaller number of RBs for the multiplexed HARQ-ACKs feedback than what the gNB would expect.
Observation 3.1: Errors in low-priority HARQ-ACK codebook size determination may cause selection of different PUCCH resource set or use of smaller number of RBs for the multiplexed HARQ-ACKs feedback than what gNB would expect.
To overcome such UE / gNB discrepancy on the determination of PUCCH resource and number of RBs for UCI containing both high-priority and low-priority HARQ-ACKs, one could rely on gNB blind detection where the gNB tries to detect PUCCH on multiple resources corresponding to different UCI sizes. However, this option increases gNB complexity as well as possibility for detection error. Note that it is desirable for URLLC communications to avoid or mitigate such additional error source and potential additional delay coming from blind detection.
Another option to overcome the above issue is to allow the PUCCH resource set and/or the number of RBs to be determined at the UE partially based on some information indicated by the gNB for multiplexed high priority and low priority HARQ-ACKs. Specifically, we mainly foresee that the following alternatives could be considered for the specific indication and determination:
· Alt.1: The indication and determination are defined based on the number of RBs and/or on PUCCH resource set index to be used in the PUCCH transmission, where the indication is included in the high-priority DL assignment.
· Alt.2: Configuration of semi-static size reservation for low-priority HARQ-ACK payload is provided by RRC.
· Low-priority HARQ-ACK semi-static size reservation is used instead of determined low-priority HARQ-ACK Codebook size when selecting the PUCCH resource set.
· Alt.3: The indication and determination are defined by combining dynamic indication for enabling/disabling low-priority HARQ-ACK multiplexing and for low-priority HARQ-ACK codebook size.

Proposal 3.2: RAN1 to study how to avoid discrepancy between the UE and the gNB on the determination of PUCCH resource set and number of RBs for UCI containing multiplexed high-priority and low-priority HARQ-ACKs.
Explicit indication for enabling multiplexing
It is important to allow the network to control and avoid any potential impact of multiplexing on the high-priority HARQ-ACK from latency or reliability perspective. With such a control, the network can instruct the UE via DCI to not multiplex the high- and low-priority HARQ-ACKs, i.e. the low-priority HARQ-ACK is dropped in this case. For instance, if multiplexing would result in selecting a PUCCH resource that is a number of symbols later than the PUCCH resource that would contain high-priority HARQ-ACK only, the latency could be impacted as the high-priority HARQ-ACK transmission will be delayed a number of symbols. The network may find such a delay unacceptable and could thus disable the multiplexing operation.   
Observation 3.2: By using explicit indication to disable/enable multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK, the network could avoid impacting the high-priority HARQ-ACK performance (e.g. in terms of latency). 
Based on the above observation, one can see the importance of allowing the network to dynamically disable/enable the multiplexing operation. 
Proposal 3.3: gNB to dynamically indicate whether multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK is enabled/disabled. Detailed signalling is FFS. 
On how to encode the UCIs with different priorities (e.g. separate coding vs. joint coding)
First, recall that the target BLER for high-priority HARQ-ACK is much lower than that of low-priority HARQ-ACK. And missing a DL assignment corresponding to low-priority HARQ-ACK could be relatively frequent compared to missing a DL assignment for high-priority HARQ-ACK. 
As previously mentioned, multiplexing high-priority HARQ-ACK and low-priority HARQ-ACK should not impact the performance of the high-priority HARQ-ACK. Thus, to decouple the BLER of high-priority HARQ-ACK bits and low-priority HARQ-ACK bits, separate encoding could be used for the multiplexing. Otherwise, errors in the determination of the number of low-priority HARQ-ACK bits may cause problems in the decoding and thus may impact the high-priority HARQ-ACK. 
Proposal 3.4: For the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with another PUCCH carrying low-priority HARQ-ACK, adopt separate encoding for the multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK.

On how to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling)
When multiplexing high-priority and low-priority HARQ-ACK bits, there could be cases where the total number of bits cannot fit in the selected PUCCH resource for multiplexing. In this case, one potential option is to rely on bundling of low-priority HARQ-ACK bits, instead of dropping the bits that cannot fit in the selected resource.
There could be different ways of bundling, so it should be discussed how to exactly bundle the low-priority HARQ-ACK bits. It should be also discussed whether any special consideration is needed for the CA case, i.e. the case where low-priority HARQ-ACK bits may correspond to different CCs.
Proposal 3.5: The bundling of low-priority HARQ-ACK bits when multiplexed with high-priority HARQ-ACK bits should be supported. 
· FFS how to bundle the low-priority HARQ-ACK bits.

3.1.2 PUCCH with high-priority HARQ-ACK+SR vs. PUCCH with low-priority UCI(s)
In principle, this scenario could be handled in a similar way as the scenario high-priority HARQ-ACK vs. low-priority UCI (such as HARQ-ACK). Specifically, the rules that will be designed for the scenario high-priority HARQ-ACK vs. low-priority UCI could be essentially applied for the scenario here. Actually, the high-priority HARQ-ACK+SR bits can be jointly encoded (in case of PUCCH formats 2, 3 and 4) as they are both of high priority and SR would typically be a single bit. It should be noted that this just follows the Rel-15 principles of multiplexing HARQ-ACK and SR (of the same priority).

Observation 3.3: The scenario where a PUCCH carrying high-priority HARQ-ACK+SR overlaps with a PUCCH carrying low-priority UCI is similar to the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with a PUCCH carrying low-priority UCI. 

Based on the above observation, we propose the following:
Proposal 3.6: The scenario where a PUCCH carrying high-priority HARQ-ACK+SR overlaps with a PUCCH carrying low-priority UCI is handled in the same way as the scenario where a PUCCH carrying high-priority HARQ-ACK (only) overlaps with a PUCCH carrying low-priority UCI.

3.1.3 PUCCH with high-priority SR vs. PUCCH with low-priority HARQ-ACK
In Rel-16 NR, the following was agreed in RAN1#100b-e regarding the interaction between SR priority and PUCCH configuration priority:
	Agreements:
· SR priority comes from phy-PriorityIndex-r16 in SchedulingRequestResourceConfig. If not configured, SR is treated as low priority (index 0).
· In Rel-16, if a UE is configured with one HARQ codebook, the HARQ-ACK codebook is considered as low priority.
If a PUCCH-Config is provided with a subslotLengthFor PUCCH-r16, the PUCCH resource corresponding to any SR or CSI configuration with the same priority as the PUCCH-Config, should be confined within the sub-slot associated to the PUCCH-Config.



The above agreement was essentially reached to avoid reverting a previous agreement that SR priority is determined by SchedulingRequestResourceConfig and thus that this priority doesn’t necessarily need to be tied to the priority of the PUCCH configuration in which the PUCCH resource of SR is configured. In this regard, there are two cases of interest for the discussion here:
· Case 1: The PUCCH resource for high-priority SR belongs to the PUCCH configuration of high priority.
· Case 2: The PUCCH resource for high-priority SR belongs to the PUCCH configuration of low priority. Note that this case is valid even if there is a single PUCCH configuration configured. 

In the following, our discussion for simplicity assumes the first case in here.

It’s worth recalling that if both HARQ-ACK and SR have the same (high/low) PHY priority, the Rel-16 rule consists of re-using the Rel-15 rule which can be briefly described as follows:
· SR and HARQ-ACK are multiplexed on the HARQ-ACK resource in the following cases: (i) HARQ-ACK is with F0 and SR with F0, and (ii) HARQ-ACK is with F2/F3/F4 and SR with F0/F1.  
· For the case where HARQ-ACK is with F1 and SR with F0, HARQ-ACK is prioritized and SR is dropped. 
· For the case where HARQ-ACK is with F1 and SR with F1, HARQ-ACK is transmitted on the SR resource if SR is positive whereas HARQ-ACK is transmitted on the HARQ-ACK resource when SR is negative.
Reusing the above rule for the scenario where high-priority SR overlaps with low-priority HARQ-ACK may impact the reliability of SR mainly because SR and HARQ-ACK will be multiplexed on the PUCCH resource for HARQ-ACK for several of the PUCCH format combinations, and this may impact the latency and reliability of SR. Based on this observation, one potential option to protect the SR in these cases would be to simply drop low-priority HARQ-ACK and prioritize high-priority SR, i.e. re-use Rel-16 rule. Another option would be to allow multiplexing on the low-priority HARQ-ACK resource. However, this latter option may require defining ways/rules and conditions to guarantee the reliability and latency of (positive) SR for the different cases, which could be cumbersome from specifications perspective. Hence, although it leads to dropping low-priority HARQ-ACK in case high-priority SR is positive, the former option would be preferable due to its simplicity.  

Since the case where HARQ-ACK is with F1 and SR with F0 is not a typical case, Rel-16 rule (under which high-priority SR is prioritized and low-priority HARQ-ACK is dropped) could be re-used as optimizing this case to allow multiplexing of HARQ-ACK and SR may not be really worth it.  

For the case where HARQ-ACK is with F1 and SR with F1, for the case with the same priority, the Rel-15/Rel-16 rule consists in transmitting the HARQ-ACK on the SR resource if SR is positive; and transmitting the HARQ-ACK on the HARQ-ACK resource if SR is negative. For the scenario high-priority SR vs. low-priority HARQ-ACK, one possibility is to re-use this rule and transmit the HARQ-ACK on the SR resource if SR is positive. Another option would be to reuse the Rel-16 rule under which high-priority SR is prioritized and low-priority HARQ-ACK is dropped.
Proposal 3.7: For the scenario where a PUCCH carrying high-priority SR overlaps with a PUCCH carrying low-priority HARQ-ACK, the SR is prioritized and the HARQ-ACK is dropped for all the cases of PUCCH format combinations except the case where both SR and HARQ-ACK are with PUCCH format 1.
· FFS whether to allow multiplexing of high-priority SR with PUCCH format 1 and low-priority HARQ-ACK with PUCCH format 1.

3.1.4 Overlapping between high- and low-priority PUCCHs where one is across sub-slots
In Rel-16 NR, it was specified that a UE could be configured with two PUCCH configurations, where e.g. one configuration is slot based and the other one is sub-slot based. Typically, the slot-based configuration is used for low-priority traffic and the sub-slot-based configuration may be used for the high-priority traffic; although this would be the typical case, there is no such restriction in the specs. This results in scenarios where at least one low-priority PUCCH that crosses sub-slot boundary overlaps with one or multiple high-priority PUCCHs confined within a sub-slot. An example of such scenarios is illustrated in Figure 3.1.
[image: ]
Figure 3.1: Example illustrating the scenario where a high-priority channel confined in a subslot overlaps with a low-priority channel that crosses the sub-slot boundary. 

A rule should be designed to handle these scenarios, where it’s important that such a rule protects and avoids any dropping of the high-priority channel(s). There are two potential alternatives we foresee for handling the scenarios here in such a way that the high-priority channel is not impacted:
· Alt.1 (slightly preferable): Multiplexing low-priority PUCCH and high-priority PUCCH is not allowed; unless the corresponding resources are confined within a sub-slot.
· Alt.2: Multiplexing of low-priority PUCCH and high-priority PUCCH, when feasible, is allowed only if this multiplexing is done on a high-priority PUCCH resource. In addition: 
· The UE does not expect an overlap between the resulting PUCCH resource to be used for multiplexing and another high-priority PUCCH; 
· if the resulting PUCCH resource overlaps with a low-priority PUCCH (instead of a high-priority PUCCH), the low-priority PUCCH can then be simply dropped.

Proposal 3.8: For handling the scenarios where a PUCCH of a given priority crosses the sub-slot boundary of the PUCCH config of another priority and overlaps with a PUCCH of another priority, down-select between the following two alternatives:
· Alt.1: Multiplexing of low-priority PUCCH and high-priority PUCCH is not allowed, i.e. UE drops the low-priority PUCCH.
· Alt.2: Multiplexing of low-priority PUCCH and high-priority PUCCH, when feasible, is allowed only if this multiplexing is done on a high-priority PUCCH resource. In addition: 
· UE does not expect an overlap between the resulting PUCCH resource to be used for multiplexing and another high-priority PUCCH; 
· and if the resulting PUCCH resource overlaps with a low-priority PUCCH, the low-priority PUCCH is then dropped.

3.1.5 More than two overlapping high- and low-priority PUCCHs
In addition to the two-channel scenarios, there are scenarios where there could be more than two overlapping channels of different priorities, where here we consider that there is no PUSCH(s) in the group of overlapping channels. Specifically, some of these scenarios are listed below: 
· PUCCH with high-priority UCI(s) vs. at least two non-overlapping PUCCHs with low-priority UCI(s) 
· PUCCH with low-priority UCI(s) vs. at least two non-overlapping PUCCHs with high-priority UCI(s)

An example of such scenarios is illustrated in Figure 3.2.
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Figure 3.2: Example illustrating the scenario with more than two high-priority and low-priority overlapping channels. 

For such scenarios, it should be discussed how to handle the group of overlapping PUCCHs. In general, the handling approach to be designed for these scenarios should be simple so that the processing of high-priority channel(s) is not impacted. Further, the handling of such scenarios should not impact the high-priority channels. We thus foresee two main alternatives to handle the scenarios here:
· Atl.1 (preferable): Allow a single checking/multiplexing step between channels of different priorities, where in case of multiplexing: 
· The UE does not expect an overlap between the resulting resource to be used for multiplexing and a high-priority PUCCH; 
· and if the resulting PUCCH resource overlaps with a low-priority PUCCH (instead of a high-priority PUCCH), the low-priority PUCCH can then be simply dropped.
· Alt.2: The UE doesn’t expect to multiplex channels with different priorities, i.e. UE drops the low-priority channel(s). 

Proposal 3.9: For handling the scenarios with more than two overlapping channels of different priorities, down-select between the following two alternatives:
· Alt.1: Allow a single checking/multiplexing step between channels of different priorities, where in case multiplexing is feasible: 
· UE does not expect an overlap between the resulting resource to be used for multiplexing and a high-priority PUCCH; 
· and if the resulting PUCCH resource overlaps with a low-priority PUCCH, the low-priority PUCCH is then dropped.
· Alt.2: The UE doesn’t expect to multiplex channels with different priorities, i.e. UE drops the low-priority channel(s). 

3.1.6 Other scenarios (not covered in the RAN1#102e agreements)
High-priority HARQ-ACK vs. low-priority SR 	
In a similar way to avoid dropping low-priority HARQ-ACK when it overlaps with a high-priority HARQ-ACK, the intention here is to see whether it is possible to avoid dropping low-priority SR when it overlaps with a high-priority HARQ-ACK (or more generally, with any high-priority channel). Obviously, this should not be at the detriment of the high-priority HARQ-ACK performance, i.e. there should not be any intolerable impact on the high-priority HARQ-ACK. It’s worth noting that, although dropping a low-priority SR may not be as severe as dropping a low-priority HARQ-ACK, continuous dropping of low-priority SR could impact the system performance.
Observation 3.4: Continuous dropping of low-priority SR may impact the system performance. Hence, when a low-priority SR overlaps with a high-priority HARQ-ACK, it should be discussed whether dropping the low-priority SR can be avoided without impacting the high-priority HARQ-ACK.
In the following, we discuss whether dropping the low-priority SR could be avoided by allowing to multiplex HARQ-ACK and SR at least in some cases without impacting the high-priority HARQ-ACK performance. For our discussions here, as in one of the previous subsections on HP SR & LP HARQ-ACK, for simpler discussions here we assume the SR priority is aligned with the respective PHY priority of the PUCCH config. 
As previously explained, if both HARQ-ACK and SR have the same priority, the existing Rel-16/Rel-15 rule consists, in most of the cases of PUCCH format combination, in multiplexing HARQ-ACK and SR on the HARQ-ACK resource. For these cases where (i) HARQ-ACK is with F0 and SR with F0, and (ii) HARQ-ACK is with F2/F3/F4 and SR with F0/F1: since in Rel-16 a high-priority SR can be multiplexed with a high-priority HARQ-ACK on the HARQ-ACK resource, i.e. no issue raised in terms of HARQ-ACK reliability, then we do not see a problem in allowing a low-priority SR to be multiplexed with a high-priority HARQ-ACK on the HARQ-ACK resource.
On the other hand, since the case where HARQ-ACK with F1 and SR with F0 is not a typical case, Rel-16/Rel-15 rule (under which HARQ-ACK is prioritized and SR is dropped) could be re-used, as there is no impact on the high-priority HARQ-ACK and optimizing this case is not really worth it.  
If we allow multiplexing HARQ-ACK and SR for the case where HARQ-ACK is with F1 and SR is with F1, the HARQ-ACK would be transmitted on the SR resource if SR is positive. Obviously, transmitting the high-priority HARQ-ACK on the SR resource (which may be a low-priority resource) may impact the reliability of the HARQ-ACK feedback, as e.g. the transmission power may be tuned differently for the low-priority PUCCH resource. One possibility here would be to simply prioritize HARQ-ACK and drop SR.
Proposal 3.10: For the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with a PUCCH carrying low-priority SR:
· For the cases (i) HARQ-ACK is with F0 and SR with F0, (ii) HARQ-ACK is with F2/F3/F4 and SR with F0/F1: multiplex HARQ-ACK and SR.
· For the cases (i) HARQ-ACK is with F1 and SR with F0, (ii) HARQ-ACK is with F1 and SR is with F1: prioritize HARQ-ACK and drop SR.

High-priority SR vs. low-priority SR

It’s our understanding that currently this scenario cannot occur at PHY, i.e. MAC will not deliver two positive SRs to PHY to be transmitted on overlapping resources. Whether this scenario would be allowed or not should be decided by RAN2. Anyhow, if this scenario is allowed to occur at PHY, the UE should simply prioritize high-priority SR and drop the low-priority SR, i.e. multiplexing both SRs should not be supported. 

3.2	Control channel vs data channel
The discussion in this section is focused on the scenarios where one of the overlapping channels is PUSCH which could be with high-priority or low priority. 
3.2.1 HARQ-ACK vs. PUSCH with different priorities 
From RAN1#102-e meeting, the following agreements have been made including identified open issues, mainly considering multiplexing HARQ-ACK in PUSCH when they are with different priorities.
	Agreements:
Support multiplexing for following scenarios in R17:
· 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 low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
For the above multiplexing scenarios,
· Support separate configurations of at least beta-offset values (FFS for alpha) for multiplexing with different priority combinations. 
· FFS for other separate configurations.
· FFS: value range of beta-offset (e.g. <1).
· FFS the conditions, if needed, for multiplexing, e.g.
· FFS: Whether to support multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling)?
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding).
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
· How to handle multiplexing of UCI of different priorities and CG-UCI in a CG-PUSCH




Schemes of multiplexing HARQ-ACK in PUSCH with the same priority have been already specified since NR Rel-15, which should be taken as the baseline for any further necessary enhancements. In the following we discuss various FFS items related to multiplex HARQ-ACK on PUSCH:
Separate configurations of multiplexing parameters (i.e. beta-offset and alpha)
Considering beta-offset configuration, currently different beta-offset values can be selected taking into account the HARQ-ACK payload size, however, the priority of HARQ-ACK and PUSCH was just introduced in Rel-16 and only prioritization applies according to Rel-16 rules when overlapping HARQ-ACK and PUSCH are with different priorities. Considering multiplexing HARQ-ACK in PUSCH, separate configurations of multiplexing parameters such as beta-offset is beneficial considering the different PHY priorities between HARQ-ACK and PUSCH. For example, when PUCCH carrying low-priority HARQ-ACK is overlapping with high-priority PUSCH, always allowing multiplexing may be not a preferred way considering that the high-priority PUSCH may be with very stringent latency and reliability requirements. And hence, it is better to leave the multiplexing decision to gNB, i.e. gNB can flexibly configure/indicate whether multiplexing is allowed or not. One simple way to achieve such objective is introducing new values of beta-offset. For example, configuring/selecting the beta-offset value as “0” will prevent UE of multiplexing low-priority HARQ-ACK in high-priority PUSCH.
Similarly, the scaling factor alpha, which limits the total number of resource elements assigned to UCI on PUSCH, should also be considered. Especially, considering the potential multiplexing of low-priority UCIs in high priority PUSCH, whether it is still acceptable to have minimal alpha value of 0.5 needs to be further studied, taking into account the potential impact on the performance of high-priority PUSCH. For example, when the resource of high-priority PUSCH is limited, a smaller scaling factor of alpha might be preferred. 
Based on the discussion above, we propose:
Proposal 3.11: Considering the multiplexing between HARQ-ACK and PUSCH with different priorities, RAN1 should support:
· separate configurations of beta-offset and alpha for multiplexing between HARQ-ACK and PUSCH with different priorities;
· introducing new beta-offset value, for example 0, to allow gNB flexibly indicating/configuring whether or not to multiplex HARQ-ACK in PUSCH.

Multiplexing conditions
The multiplexing conditions, including the multiplexing timeline, between HARQ-ACK and PUSCH with the same priority has been defined already in 3GPP Rel-15 specifications. In our view, considering the multiplexing timeline, Rel-15 multiplexing timeline can be reused as a baseline. To be more specific, when there is enough time for multiplexing, high-priority/low-priority HARQ-ACK can be multiplexed in low-priority/high-priority PUSCH. When the multiplexing timeline condition is not fulfilled, Rel-16 prioritization rule can be applied, i.e. the transmission of the low-priority channel(s) is cancelled.
On top of the timeline condition, performance impacts on high-priority channels should be considered as well. For example, in case the resource of low-priority PUSCH is not sufficient to guarantee the reliability of the high-priority HARQ-ACK, Rel-16 rule of cancelling low-priority PUSCH can be reused. In addition, as discussed above, when the low-priority HARQ-ACK overlapping with high-priority PUSCH, if multiplexing of low-priority HARQ-ACK will bring intolerable performance degradation on the high-priority PUSCH, then the low-priority HARQ-ACK should be dropped. This is also the motivation for the previous proposal of separately beta_offset and alpha configurations which can offer the flexibility for gNB when making multiplexing decision. Moreover, whether to multiplex between the overlapping channels or not can be explicitly indicated by gNB as discussed below to make sure that the performance degradation due to multiplexing low-priority channel(s) is tolerable.
Based on the discussions above about multiplexing conditions, we have the following proposal:
Proposal 3.12: Considering the multiplexing between HARQ-ACK and PUSCH with different priorities, Rel-15 timeline conditions for multiplexing HARQ-ACK and PUSCH can be reused. If multiplexing timeline conditions are not fulfilled and/or the performance degradation of high-priority channel due to multiplexing low priority channel is intolerable, Rel-16 prioritization rule should be applied.
In the following, we discuss different aspects related to the detailed multiplexing scheme as raised in last meeting:
Ways to multiplex the HARQ-ACK bits and guarantee the target code rate (e.g. multiplexing, bundling)
As expected, there is no problem foreseen when sufficient resource is available to multiplex all UCI payload. In our view, the main concern is about how to handle the low-priority HARQ-ACK bits when there is not sufficient resource to multiplex all the HARQ-ACK bits. In this case, bundling/partial dropping/full dropping becomes necessary. 
Fully dropping is the simplest solution, although dropping the entire low-priority HARQ-ACK payload is not necessary a good way to go. To support partial dropping, the priority order within the low-priority HARQ-ACKs should be clarified, for example, based on scheduling order or resource order. As another alternative, bundling the low-priority HARQ-ACK bits to reduce the overall payload size should be considered to avoid unnecessary dropping and detail ways of bundling can be investigated further in RAN1. Moreover, bundling low-priority HARQ-ACK is necessary to guarantee the target code rate and not bringing visible performance degradation to the high-priority PUSCH. 

And hence we propose:
Proposal 3.13: RAN1 supports the bundling of low-priority HARQ-ACK bits when there is not sufficient resource to multiplex all low-priority HARQ-ACK bits and guarantee the target code rate. FFS detailed bundling method and when bundling is to be applied.

Encoding UCIs with different priorities (e.g. separate coding vs. joint coding)
Considering different requirements of UCIs with different priorities, especially the reliability aspect with most likely different maximal coding rate, separate coding is a preferred way to go. In this way, no reliability performance degradation for high-priority UCI as a lower coding rate can be applied. Due to less stringent requirement, a higher coding rate can be applied to low-priority UCI. Therefore, independent of the LP HARQ-ACK CB size (incl. potential CB size miss-alignment between gNB and UE for LP HARQ-ACK), the gNB will still be able to decode the HP HARQ-ACK/UCI. 
Proposal 3.14: Separate coding of HP and LP UCI for multiplexing on PUSCH should be applied in order to guarantee the reliability performance of the high-priority UCI.
Explicit indication for multiplexing
When multiplexing high-priority HARQ-ACK in low-priority PUSCH, one potential concern raised in last meeting is the possible negative impact on the achievable latency performance of the high-priority HARQ-ACK. The simplest solution is that, depending on the potential latency impact on high-priority HARQ-ACK, gNB can dynamically inform UE whether to multiplex high-priority HARQ-ACK in low-priority PUSCH or not. In this way, multiplexing is only supported when the latency impact is tolerable and no need to change the current way of mapping HARQ-ACK bits to PUSCH resource. Then in case with high-priority HARQ-ACK without scheduling DCI transmission, gNB can configure whether high-priority HARQ-ACK can be multiplexed or not. 
Similarly, explicit indication for multiplexing is one way to guarantee the required performance of high-priority PUSCH or HARQ-ACK. To be more specific, multiplexing between high-priority channel and low-priority channel is only allowed when the performance degradation on high-priority PUSCH or HARQ-ACK is tolerable. Otherwise, the low-priority channel is dropped following Rel-16 rule.
When the channels are dynamic scheduled including DG PUSCH and PUCCH having corresponding DCI, such indication can be carried over DCI scheduling the UL transmission. One example is for DG PUSCH, different values of beta_offset can be included in DCI. While in case with configured resource e.g. CG PUSCH or HARQ-ACK corresponding to SPS PDSCH, such indication should be derived from the RRC configurations. Based on this, we have the following:
Proposal 3.15: Explicit indication for multiplexing between HARQ-ACK and PUSCH of different priorities should be considered in RAN1. Details of explicit indication can be discussed further.
Multiplexing rule and order
It should be noted that there is ongoing discussion in Rel-16 maintenance work on the multiplexing order which could potentially bring impacts on the Rel-17 discussion as well. And hence it would make sense to start the discussion only after Rel-16 UE behavior becomes clear. On the high level, whenever there is a need to cancel the low-priority transmission, the possibility of multiplexing the low-priority UCI/PUSCH with high-priority PUSCH/UCI should be considered in Rel-17 when the multiplexing conditions are fulfilled. Therefore, we propose:
Proposal 3.16: RAN1 should discuss multiplexing order after Rel-16 UE behavior is clarified (still under discussion in Rel-16 maintenance work).

3.2.2 Other scenarios 
In this sub-section, we will cover other scenarios which have not been discussed in previous RAN1 meeting.
Low-priority PUSCH vs. high-priority SR 
Always dropping the low-priority PUSCH due to high-priority SR will result in unnecessary retransmission, especially considering that the high-priority SR is of only 1-bit information. Therefore, ways to multiplex the high-priority SR and the low-priority PUSCH should be considered. 
One approach would be that gNB always reserves resource in a similar way as multiplexing HARQ-ACK in PUSCH for the high-priority SR transmission (regardless of whether SR is positive or negative) when the high-priority SR resource and the low-priority PUSCH resource collides. While considering 1-bit SR information, another simple way is to carry SR information for example DM-RS. Therefore, multiple options can be studied further:
· Option 1: the reserved resource in term of number of REs for example can be pre-configured via RRC signaling. In this way, the reliability of the high-priority SR can be guaranteed by the properly configured resource elements. 
· Option 2: following similar way as multiplexing HARQ-ACK in PUSCH, by introducing a new set of beta_offset for high-priority SR transmission and number of REs for SR transmission is determined by the beta_offset which is defined for multiplexing SR and can be dynamically indicated with DCI or configured beforehand in case with configured PUSCH transmission or the low-priority PUSCH is scheduled by DCI Format 0_0.
· Option 3: using PHY signals to carry the SR information since SR is one-bit information (positive or negative). One simple example with limited standardization impact is that the information of positive/negative SR can be carried by for example DM-RS. Depending on the detected DM-RS, gNB will learn whether the high-priority SR is positive or negative.
In case that the positive SR is coming too late, Rel-16 rule can be applied, i.e. the low-priority PUSCH is cancelled at latest starting from the first symbol of the PUCCH resource carrying the high-priority SR.   
Proposal 3.17: Multiplexing high-priority SR in low-priority PUSCH is supported. FFS detailed ways of carrying high-priority SR information.

High-priority PUSCH vs. low-priority SR
In case of the PUCCH resource carrying low-priority SR conflicting with high-priority PUSCH, PUSCH should be prioritized and the transmission of low-priority SR can be dropped, i.e. following the same UE behaviour as in Rel-15/16. We do not see the need to support multiplexing low-priority SR with high-priority PUSCH, especially considering that it has been already specified in Rel-15 that in case of collision between low-priority SR and low-priority PUSCH with UL-SCH, low-priority SR is not transmitted either. Based on this, we have:
Proposal 3.18: Multiplexing low-priority SR on high-priority PUSCH is not supported.
High-priority PUSCH vs. (LP) P-/SP-CSI on PUCCH
Already in RAN1#98bis, it was agreed that P/SP-CSI on PUCCH is treated with low priority. In Rel-16, the high-priority PUSCH is prioritized and the P-/SP-CSI is dropped. Further, in our view P-/SP-CSI does not have low latency and/or high reliability requirements, even if it is configured for URLLC traffic. If needed, gNB can always trigger A-CSI transmission over PUSCH. In addition, the CSI payload size is not negligible (especially considering the case with MIMO) and could thus impact the reliability of high priority channels when they are multiplexed together. Therefore, we propose to drop P-/SP-CSI in case overlapping with high priority PUSCH.
Proposal 3.19: Multiplexing of low-priority P-/SP-CSI (on PUCCH) onto high-priority PUSCH is not supported.

3.2.3 More than two overlapping channels involving PUSCH  
In the discussions above, we have focused our discussion on the scenarios with two overlapping channels. However, there could be cases where after the first step of handling overlapping channels with the same priority, there are more than two overlapping channels of different priorities as also reflected in the FFS point: FFS: Whether to support multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH. Specifically, some of these scenarios are listed below: 
· high-priority/low-priority PUSCH vs. at least two non-overlapping PUCCHs carrying low-priority/ high-priority UCI(s);
· PUCCH carrying low-priority/ high-priority UCI(s) vs. at least two non-overlapping PUSCHs of different priority.
RAN1 should discuss how to handle different scenarios with more than two overlapping channels with necessary effort and take into account the outcomes of handling the scenarios with two overlapping channels. In addition, different scenarios with more than two overlapping channels involving PUSCH should be handled differently since not all scenarios are equally important or can be supported in first place. 

As example, let’s focus on potential multiplexing of HP UCI (i.e. HP PUCCH carrying HARQ and/or SR) on PUSCH here (to simplify the discussion as for low-priority UCI and high-priority PUSCH also CSI would need to be considered). Two different cases are to be handled: 
· Case 1: low-priority PUSCH overlapping with more than one PUCCH carrying HARQ-ACK, as illustrated in Figure 3.3a;
· Case 2: low-priority PUSCH overlapping with one high-priority PUCCH carrying HARQ-ACK and one high-priority PUCCH carrying SR, as illustrated in Figure 3.3b.

For case 1, it is noted that even the multiplexing of more than one high-priority PUCCH carrying HARQ-ACK on a high-priority PUSCH is in Rel-16 not supported. Clearly the same should apply if we are talking about multiplexing of different priorities. Otherwise, the multiplexing of high-priority HARQ-ACK on low-priority PUSCH would be less restrictive compared to multiplexing on high-priority PUSCH. So generically, the following can be noted:

Observation 3.5: Multiplexing of more than one PUCCH carrying HARQ-ACK on a PUSCH of different priority is not be supported, as the multiplexing is also not supported for the same priority.

For case 2, if the multiplexing conditions are fulfilled for both PUCCHs, one carrying high-priority HARQ-ACK and one carrying high-priority SR, the multiplexing on the overlapping low-priority PUSCH in principle could be supported. 

Observation 3.6: Multiplexing of more than one PUCCH, where only one of them is carrying HARQ-ACK, on a PUSCH of different priority could be in principle supported. 


[image: ]
(a) two overlapping PUCCHs carrying HARQ-ACK
[image: ]
(b) one overlapping PUCCH carrying HARQ-ACK, one carrying SR
Figure 3.3: Example scenario with more than two high-priority PUCCHs overlapping with low-priority PUSCH.

Therefore, when discussing the multiplexing on PUSCH overall, RAN1 would need to be specific about the cases to be considered. Specific considerations are needed in terms of the multiplexing timeline, as the UE when making the multiplexing decision may not be aware of a later arriving PUCCH, e.g. carrying another HARQ-ACK CB as discussed for case 1 above. Thus, clearly the handling of multiplexing of different priority UCI on PUSCH is more complex in terms of the needed restrictions and/or exceptions compared to the case of control channel vs.  control channel discussed in Sec. 3.1.5. 
Moreover, when multiplexing low-priority UCI on a high-priority PUSCH, having restrictions such as partial low-priority UCI dropping (e.g. only UCI of the first overlapping PUCCH is to be multiplexed) may be acceptable, as in case of Rel-16 PHY prioritization all the low-priority UCI would be lost. But in contrast, multiplexing restrictions of high-priority UCI on a low-priority PUSCH potentially leading to the situation of dropping at least part of the high-priority UCI may not be acceptable and clearly against the idea about PHY priority in the first place. 

Observation 3.7: Potential multiplexing restrictions or partial UCI dropping for low-priority UCI of more than one overlapping PUCCH multiplexed on an overlapping high-priority PUSCH may be acceptable, whereas partial dropping or multiplexing restrictions of high-priority UCI is not acceptable. 

Based on the discussions, we believe that the decision of multiplexing some UCIs on a PUSCH of a different priority needs to consider the case of more than two overlapping channels: first agreeing the support specific multiplexing in general (e.g. for the case of high-priority UCI on sub-slot PUCCH multiplexed on long(er) low-priority PUSCH allocation) and then later on recognizing sever issues, seems to be counterproductive here. 

Proposal 3.20: RAN1 needs to take the cases of more than two overlapping channels (involving at least one PUSCH) of different priorities into account when deciding whether to support certain multiplexing enhancements in first place. 
· This is specifically of importance when considering the support of multiplexing of high-priority UCI on low-priority PUSCH. 


4	Simultaneous PUCCH/PUSCH transmission on different cells
As indicated in [R1-2007075], supporting simultaneous PUCCH/PUSCH transmissions on different cells is one way to reduce the potential cancellation of low-priority channels when they are overlapping with high-priority channels from a different cell. From RAN1#102-e meeting, we have the following agreement:

	Agreements:
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function. 
· FFS for intra-band CA.


Before discussing the FFS point, we think this agreement should be further clarified for example under which conditions simultaneous PUCCH/PUSCH transmission is supported. Just as one example when the overlapping channels are with the same priority, we do not see any motivation to change Rel-15 behavior, i.e. the UCI is multiplexed in a PUSCH of the service cell with the smallest ServCellIndex subject to the conditions for UCI multiplexing being fulfilled. However, when the overlapping channels are with different priorities, if simultaneous PUCCH and PUSCH on different cells is not supported, then following Rel-16 procedure, only prioritization can be applied between PUCCH and PUSCH(s) with different priorities which could lead to unnecessary cancellation. Therefore, the agreement should be applicable only to the scenarios when the overlapping channels from different cells are of different priorities.
In addition, it should be noted that even UE is capable of inter-band CA, still the UE is with the limitation of maximum output power PCMAX which is measured over all component carriers (see e.g. Section 6.2A.1.3 in TS 38.101 for FR1 operation). There is no problem when sufficient Tx power is available for simultaneous PUCCH and PUSCH transmission with different priorities (i.e. no performance degradation on the high-priority channels). However, when there is no sufficient Tx power to support the simultaneous transmission, UE should follow the prioritization order specified in Section 7.5 of TS 38.213 when determining the Tx power allocation overall different component carriers/channels. As the outcome, the high-priority channel will be prioritized without any performance degradation. However, if the agreement covers the case that the simultaneous PUCCH/PUSCH transmission from different cells are of the same priority, for example, both are of high priority, the performance of high priority PUSCH may be degraded. For example, if the PUCCH carrying high-priority HARQ-ACK  with the high-priority PUSCH from another cell, due to the power sharing between the overlapping channels, following the Tx power allocation procedure as described in Section 7.5 of TS 38.213, the high-priority PUSCH may be transmitted with a reduced Tx power, and therefore degraded performance. While following the current specification, i.e. multiplexing high-priority HARQ-ACK in high-priority PUSCH, such problem due to power sharing is not there anymore.  
Based on the discussions above, we propose: 
[bookmark: _Hlk21353254]Proposal 4.1: The simultaneous transmission of PUCCH and PUSCH on different serving cells is applicable for the case when PUCCH and PUSCH are of different PHY priority only. 
As to the FFS point of intra-band CA case, we see some potential issues, especially considering the most efficient implementation with a single PA (most likely case of intra-band CA), as discussed below:
· Tx discontinuity: with simultaneous PUCCH/PUSCH transmission support, since the starting time and/or the ending time of the overlapping channels may not be aligned in time, this could lead to UE Tx phase discontinuity. Moreover, channel estimation derived from DM-RS might not be valid any more for UL channel reception process. In addition, this will bring significant scheduling restrictions especially considering the involvement of PUCCH if trying to achieve the time alignment between UL PUCCH and PUSCH in case with intra-band CA.
· Large Tx power back-off: this issue has been already discussed in LTE time. As indicated in [R1-101720], simultaneous transmission of PUCCH and PUSCH across aggregated CC(s) or clustered PUSCH within a CC would generate additional inter-modulation products in the UE transmitter chain which will necessitate a transmitter power back-off. In the worst case, the power back-off can be up to 10 dB and the impact of such a power back-off can be quite considerable since UE has to be operated with a much reduced maximum transmit power.
Based on these, in our opinion, RAN1 should not support simultaneous PUCCH/PUSCH transmission on different cells in case with intra-band CA.
Proposal 4.2: For intra-band CA, simultaneous transmission of PUCCH and PUSCH on different cells is not supported. 
In order to support simultaneous transmission of PUCCH and PUSCH on different cells, firstly UE should be capable of supporting UL inter-band CA. Then considering supporting simultaneous PUCCH and PUSCH transmission on different cells, once the capability is supported, different ways of triggering such simultaneous transmission could be via RRC signalling in a semi-static mode or it can be triggered dynamically via MAC CE or PHY signalling. 
Proposal 4.3: For UE with the capability of inter-band CA, simultaneous PUCCH/PUSCH transmission over different cells can be triggered via either higher layer signalling (e.g. RRC signalling) or dynamically triggered by MAC CE or PHY signalling.

5	Conclusions
In this contribution, firstly we discussed the identified issues related to overlapping CG-PUSCH and DG-PUSCH with different priorities in Sec. 2 and proposed the following:
Proposal 2.1: As per the Rel-17 WI description on intra-UE multiplexing and prioritization, support PHY prioritization for the scenario where a high-priority DG PUSCH overlaps with a low-priority CG PUSCH.  
Proposal 2.2: For the scenario high-priority CG PUSCH vs. low-priority DG PUSCH, it is up to UE implementation to ensure that the low-priority DG PUSCH is cancelled, at the latest, from the first symbol that is overlapping with the high-priority CG PUSCH.
Proposal 2.3: The Rel-16 handling of the scenarios where a dynamically scheduled high-priority channel overlaps with a low-priority channel is adopted for the scenario of overlapping between high-priority DG PUSCH and low-priority CG PUSCH.

For intra-UE multiplexing of overlapping channels of different priority on PUCCH (i.e. PUCCH versus PUCCH) in Sec 3.1, we have the following observations and proposals:
Proposal 3.1: For the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with another PUCCH carrying low-priority HARQ-ACK:
· If the high-priority HARQ-ACK has a corresponding PDCCH, the multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK, if possible, is done on high-priority PUCCH resource determined by the PRI in the PDCCH and the payload size of the multiplexed UCI.
· FFS how to handle the scenario where the high-priority HARQ-ACK does not have a corresponding PDCCH.

Observation 3.1: Errors in low-priority HARQ-ACK codebook size determination may cause selection of different PUCCH resource set or use of smaller number of RBs for the multiplexed HARQ-ACKs feedback than what gNB would expect.
Proposal 3.2: RAN1 to study how to avoid discrepancy between the UE and the gNB on the determination of PUCCH resource set and number of RBs for UCI containing multiplexed high-priority and low-priority HARQ-ACKs.
Observation 3.2: By using explicit indication to disable/enable multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK, the network could avoid impacting the high-priority HARQ-ACK performance (e.g. in terms of latency). 
Proposal 3.3: gNB to dynamically indicate whether multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK is enabled/disabled. Detailed signalling is FFS. 
Proposal 3.4: For the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with another PUCCH carrying low-priority HARQ-ACK, adopt separate encoding for the multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK.

Proposal 3.5: The bundling of low-priority HARQ-ACK bits when multiplexed with high-priority HARQ-ACK bits should be supported. 
· FFS how to bundle the low-priority HARQ-ACK bits.

Observation 3.3: The scenario where a PUCCH carrying high-priority HARQ-ACK+SR overlaps with a PUCCH carrying low-priority UCI is similar to the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with a PUCCH carrying low-priority UCI. 

Proposal 3.6: The scenario where a PUCCH carrying high-priority HARQ-ACK+SR overlaps with a PUCCH carrying low-priority UCI is handled in the same way as the scenario where a PUCCH carrying high-priority HARQ-ACK (only) overlaps with a PUCCH carrying low-priority UCI.
Proposal 3.7: For the scenario where a PUCCH carrying high-priority SR overlaps with a PUCCH carrying low-priority HARQ-ACK, the SR is prioritized and the HARQ-ACK is dropped for all the cases of PUCCH format combinations except the case where both SR and HARQ-ACK are with PUCCH format 1.
· FFS whether to allow multiplexing of high-priority SR with PUCCH format 1 and low-priority HARQ-ACK with PUCCH format 1.

Proposal 3.8: For handling the scenarios where a PUCCH of a given priority crosses the sub-slot boundary of the PUCCH config of another priority and overlaps with a PUCCH of another priority, down-select between the following two alternatives:
· Alt.1: Multiplexing of low-priority PUCCH and high-priority PUCCH is not allowed, i.e. UE drops the low-priority PUCCH.
· Alt.2: Multiplexing of low-priority PUCCH and high-priority PUCCH, when feasible, is allowed only if this multiplexing is done on a high-priority PUCCH resource. In addition: 
· UE does not expect an overlap between the resulting PUCCH resource to be used for multiplexing and another high-priority PUCCH; 
· and if the resulting PUCCH resource overlaps with a low-priority PUCCH, the low-priority PUCCH is then dropped.

Proposal 3.9: For handling the scenarios with more than two overlapping channels of different priorities, down-select between the following two alternatives:
· Alt.1: Allow a single checking/multiplexing step between channels of different priorities, where in case multiplexing is feasible: 
· UE does not expect an overlap between the resulting resource to be used for multiplexing and a high-priority PUCCH; 
· and if the resulting PUCCH resource overlaps with a low-priority PUCCH, the low-priority PUCCH is then dropped.
· Alt.2: The UE doesn’t expect to multiplex channels with different priorities, i.e. UE drops the low-priority channel(s). 
Observation 3.4: Continuous dropping of low-priority SR may impact the system performance. Hence, when a low-priority SR overlaps with a high-priority HARQ-ACK, it should be discussed whether dropping the low-priority SR can be avoided without impacting the high-priority HARQ-ACK.
Proposal 3.10: For the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with a PUCCH carrying low-priority SR:
· For the cases (i) HARQ-ACK is with F0 and SR with F0, (ii) HARQ-ACK is with F2/F3/F4 and SR with F0/F1: multiplex HARQ-ACK and SR.
· For the cases (i) HARQ-ACK is with F1 and SR with F0, (ii) HARQ-ACK is with F1 and SR is with F1: prioritize HARQ-ACK and drop SR.

For intra-UE multiplexing of overlapping channels of different priority on PUSCH (i.e. PUCCH versus PUSCH) in Sec 3.2, we have the following observations and proposals:
Proposal 3.11: Considering the multiplexing between HARQ-ACK and PUSCH with different priorities, RAN1 should support:
· separate configurations of beta-offset and alpha for multiplexing between HARQ-ACK and PUSCH with different priorities;
· introducing new beta-offset value, for example 0, to allow gNB flexibly indicating/configuring whether or not to multiplex HARQ-ACK in PUSCH.
Proposal 3.12: Considering the multiplexing between HARQ-ACK and PUSCH with different priorities, Rel-15 timeline conditions for multiplexing HARQ-ACK and PUSCH can be reused. If multiplexing timeline conditions are not fulfilled and/or the performance degradation of high-priority channel due to multiplexing low priority channel is intolerable, Rel-16 prioritization rule should be applied.
Proposal 3.13: RAN1 supports the bundling of low-priority HARQ-ACK bits when there is not sufficient resource to multiplex all low-priority HARQ-ACK bits and guarantee the target code rate. FFS detailed bundling method and when bundling is to be applied.
Proposal 3.14: Separate coding of HP and LP UCI for multiplexing on PUSCH should be applied in order to guarantee the reliability performance of the high-priority UCI.
Proposal 3.15: Explicit indication for multiplexing between HARQ-ACK and PUSCH of different priorities should be considered in RAN1. Details of explicit indication can be discussed further.
Proposal 3.16: RAN1 should discuss multiplexing order after Rel-16 UE behavior is clarified (still under discussion in Rel-16 maintenance work).
Proposal 3.17: Multiplexing high-priority SR in low-priority PUSCH is supported. FFS detailed ways of carrying high-priority SR information.

Proposal 3.18: Multiplexing low-priority SR on high-priority PUSCH is not supported.
Proposal 3.19: Multiplexing of low-priority P-/SP-CSI (on PUCCH) onto high-priority PUSCH is not supported.
Observation 3.5: Multiplexing of more than one PUCCH carrying HARQ-ACK on a PUSCH of different priority is not be supported, as the multiplexing is also not supported for the same priority.
Observation 3.6: Multiplexing of more than one PUCCH, where only one of them is carrying HARQ-ACK, on a PUSCH of different priority could be in principle supported. 
Observation 3.7: Potential multiplexing restrictions or partial UCI dropping for low-priority UCI of more than one overlapping PUCCH multiplexed on an overlapping high-priority PUSCH may be acceptable, whereas partial dropping or multiplexing restrictions of high-priority UCI is not acceptable. 
Proposal 3.20: RAN1 needs to take the cases of more than two overlapping channels (involving at least one PUSCH) of different priorities into account when deciding whether to support certain multiplexing enhancements in first place. 
· This is specifically of importance when considering the support of multiplexing of high-priority UCI on low-priority PUSCH. 

Based on the discussions on simultaneous PUCCH/PUSCH transmission on different cells in Sec. 4, we propose:
Proposal 4.1: The simultaneous transmission of PUCCH and PUSCH on different serving cells is applicable for the case when PUCCH and PUSCH are of different PHY priority only. 
Proposal 4.2: For intra-band CA, simultaneous transmission of PUCCH and PUSCH on different cells is not supported. 
Proposal 4.3: For UE with the capability of inter-band CA, simultaneous PUCCH/PUSCH transmission over different cells can be triggered via either higher layer signalling (e.g. RRC signalling) or dynamically triggered by MAC CE or PHY signalling.
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