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Introduction
[bookmark: _Hlk510705081]In this contribution, we present our views on UL intra-UE multiplexing and prioritization. Our discussion is built on top of the discussions, agreements and open issues related to Rel-17 IIoT/URLLC WI. Summary from RAN1#102-e, RAN1#103-e, RAN1#104-e, RAN1#104bis-e, RAN1#105-e, RAN1#106-e, and RAN1#106bis-e can be found in R1-2007075, R1-2009546, R1-2101842, R1-2103868, R1-2106063, R1-2108628, and R1-2110636, respectively.
Section 2 covers the issues related to the overlapping CG PUSCH vs. DG PUSCH of different PHY priorities. In Section 3, we further discuss the enhancements related to intra-UE multiplexing/prioritization of traffic with different priorities. Section 4 includes the discussion related to simultaneous PUSCH/PUCCH transmission from different cells.
CG PUSCH vs DG PUSCH of different PHY priorities
The high-level support of PHY prioritization for the scenarios of high-priority CG PUSCH vs. low-priority DG PUSCH and high-priority DG PUSCH vs. low-priority CG PUSCH was agreed in RAN1#102-e and #103-e, respectively. In addition, the cancellation behaviour for high-priority CG PUSCH vs. low-priority DG PUSCH was agreed in RAN1#106bis-e, with only the handling with PUSCH repetition being FFS: 
	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



However, the exact cancellation behaviour is still fully open for high-priority DG PUSCH vs. low-priority CG PUSCH. In the following, we provide our view on the cancellation operation for this scenario and we discuss the collision handling for both scenarios with PUSCH repetition operation.

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. It should be FFS whether this d2 is the same as the Rel-16 UE reported capability, or it should be a different one (i.e. some new d3 with independent UE capability reporting).

Proposal 2.1: 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.
Effect of PUSCH repetition operation on collision handling of high-priority DG / CG PUSCH vs. low-priority CG /DG PUSCH:
The FFS on the collision handling had been raised in a RAN1#106bis-e GTW session, where it had been clarified, that based on Rel-16 operation, the collision handling is performed per PUSCH repetition (i.e., considering each of the PUSCHs for repetition as a single ‘PUSCH’ in terms of collision handling).

We do not see a need to change this PUSCH repetition behaviour specifically, as the two additional scenarios supported are just a logical completion of the Rel-16 Intra-UE prioritization framework. Therefore, the following is proposed: 

Proposal 2.2: The Rel-16 collision handling of per PUCCH repetition is also adopted for the additional Rel-17 PUSCH collision scenarios between HP CG PUSCH and LP DG PUSCH and between HP DG PUSCH and LP 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 support of multiplexing was agreed for the following scenarios where a control channel overlaps with another control channel(s):
	[bookmark: _Hlk53565009]Agreements:
[bookmark: _Hlk54041121]Support multiplexing for following scenarios in R17:
· 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
· …



In the following, we discuss the different scenarios covered in the above agreement, including some issues and open points from previous RAN1 meetings.
3.1.1 PUCCH with high-priority HARQ-ACK vs. PUCCH with low-priority HARQ-ACK/UCI 
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.

3.1.1.1 Explicit indication for enabling/disabling multiplexing
In RAN1#103-e, the following was agreed on the support of indication for enabling/disabling multiplexing of high-priority and low-priority HARQ-ACKs:
	Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.



The aspect related to whether to use RRC-only or to also rely on DCI for the enabling/disabling of multiplexing has been discussed in RAN1#105-e, RAN1#106-e, and RAN1#106bis-e, but without reaching any agreement.

In our view, it is important to allow the network to dynamically control and avoid any potential impact of multiplexing on the high-priority HARQ-ACK from latency or reliability perspective. Considering two overlapping PUCCH resources initially intended to carry high-priority HARQ-ACK and low-priority HARQ-ACK, respectively, with such dynamic control, the network can instruct the UE, via e.g. the last DCI scheduling the high-priority HARQ-ACK, or more generally via the last DCI scheduling HARQ-ACK (be it low-priority or high-priority HARQ-ACK), 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 dynamically disable the multiplexing operation. 

Moreover, supporting dynamic indication for multiplexing through DCI signalling would ease the operation and specification effort also in other aspects: 
· There may be no need to specify bundling / compression of low-priority HARQ-ACK information as the enabling/disabling of multiplexing could be dynamically indicated. If the combined payload size would become too large and thereby too much impacting the reliability or latency of the high-priority information, the gNB would simply dynamically disable the multiplexing.
· There may be no need to define an extensive set of rules when multiplexing should be possible as this could be left to gNB implementation, thus simplifying the specification effort.  
· The handling of multiplexing of sub-slot PUCCH and slot-based PUCCH would be under direct gNB control, as discussed below in Sec. 3.1.3.

Although the focus here is on the scenario where a high-priority HARQ-ACK overlaps with a low-priority HARQ-ACK, the same operation could also be used for the scenarios where a high-priority HARQ-ACK overlaps with a low-priority multiplexed UCIs (such as low-priority SR+HARQ-ACK) if multiplexing is agreed for these scenarios.

Clearly, in a similar way to any new features that get introduced in RAN1 specs, it would be first required to configure the UE with the above operation via RRC. So, we don’t really see anything special that would be needed in that regard. 
Since this aspect has been discussed for the past few RAN1 meetings without reaching any consensus, in order to make progress, one potential middle-ground approach would be to let the DCI field (providing indication on enabling/disabling multiplexing) configurable, i.e., it’s up to gNB whether to configure this DCI field to enable dynamic multiplexing indication or if multiplexing is enabled only by RRC configuration.
[bookmark: _Hlk59381440]Proposal 3.1: The gNB dynamically indicates, via an explicit field in the last DCI scheduling HARQ-ACK, whether multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK (or more generally low-priority multiplexed UCIs) is enabled or disabled.
· FFS: It is up to gNB to configure the dynamic multiplexing using a new DCI field (i.e., if not configured the multiplexing is enabled through RRC configuration only).

3.1.1.2 Multiplexing of 1-bit high-priority HARQ-ACK and 1-bit low-priority HARQ-ACK
First, it’s worth recalling that in RAN1#105-e, for the multiplexing of 1-bit high-priority HARQ-ACK and 1-bit low-priority HARQ-ACK, the following agreement on treating the two bits as high-priority bits was reached: 

	Agreement:
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, treat the two bits as HARQ-ACK bits with High priority.
· Rel-15 design (for PF0 and PF1) is baseline.



In addition, in RAN1#106bis-e, it was explicitly agreed that the high-priority PUCCH resource is used for multiplexing the two bits:

	Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, in case the total number of LP and HP HARQ-ACK bits is 2:
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).


[bookmark: _Hlk59364229]
One additional decision that RAN1 will have to take is on the order of the bits, i.e. if the two bits are ordered as [HP HARQ-ACK bit, LP HARQ-ACK bit] or [LP HARQ-ACK bit, HP HARQ-ACK bit] when applying the mapping on the high-priority PUCCH resource. As we do not see any difference between these two options, we suggest here to use the bit order of the two bits to be [HP HARQ-ACK bit, LP HARQ-ACK bit], i.e. the high-priority HARQ-ACK defines the 1st or MSB of the two bits. 

Proposal 3.2: For the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with another PUCCH carrying low-priority HARQ-ACK and the total payload size is two bits, the order of the multiplexed two bits could be [high-priority HARQ-ACK bit, low-priority HARQ-ACK bit].  

[bookmark: _Hlk59452700]3.1.1.3 On whether to allow multiplexing in case the HARQ-ACK does not have a corresponding PDCCH
First, it’s worth recalling that in Rel-16 NR, a UE is not expected to be dynamically scheduled with a PUCCH (or PUSCH) of low priority overlapping with a high priority PUCCH carrying only HARQ-ACK feedback without a corresponding PDCCH; this is captured in TS 38.213, Sec. 9. 

For the case of high-priority (SPS PDSCH) HARQ-ACK without corresponding PDCCH and low-priority HARQ-ACK with corresponding PDCCH, two approaches can be considered: (a) keep the Rel-16 rule by treating this scenario as an error case, (b) this scenario is not treated as an error case. For (b), the gNB will still not be able to control the PUCCH resource selection but at least has the option to dynamically enable/disable the multiplexing using the PDCCH associated with low-priority HARQ-ACK. Thereby, the gNB is aware of the restrictions of the configured SPS PUCCH resource and can take this into account in its decision to dynamically enable/disable the multiplexing in the DCI scheduling PDSCH associated with low-priority HARQ-ACK. For the case of low-priority HARQ-ACK without corresponding PDCCH and high-priority HARQ-ACK with corresponding PDCCH, there is not such issue present as the gNB has full control over the multiplexing and PUCCH resource selection through the DCI of the PDSCH with high-priority HARQ-ACK.     

When none of the (high-priority or low-priority) HARQ-ACK has a corresponding PDCCH (i.e. SPS PDSCH HARQ-ACK only), multiplexing of high-priority HARQ-ACK bits with low-priority HARQ-ACK bits is not preferred. This is because, in this case, there cannot be a dynamic indication/control regarding (i) the (high-priority) PUCCH resource selection, as the PUCCH resource(s) for SPS are only semi-statically configured via RRC as part of the corresponding SPS configuration, and (ii) the dynamic enabling/disabling of multiplexing as discussed in Sec 3.1.1.1. Indeed, without such control by the network, the high-priority HARQ-ACK could be impacted if multiplexed with low-priority HARQ-ACK.

Based on the above observations, the following is proposed: 

Proposal 3.3: For the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with another PUCCH carrying low-priority HARQ-ACK: If the low- and high-priority HARQ-ACK does not have a corresponding PDCCH (i.e., low- and high priority ‘SPS’ HARQ only), the multiplexing is not supported.

3.1.1.4 On separate encoding of high-priority and low-priority HARQ-ACKs
The discussion here concerns the multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK when the total number of low-priority and high-priority HARQ-ACK bits is greater than 2 bits. The support of separate encoding was agreed in RAN1#104bis-e as follows:

	Agreements:
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, support separate coding for the two HARQ-ACKs.
· [bookmark: _Hlk70530254]FFS for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s).
· (working assumption) Drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH which has HP A/N.
· FFS Strive to let HP A/N reuse the encoder, rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.
· FFS Strive to let LP A/N reuse the encoder, rate matching equation, and mapping rules in Rel-15 for CSI-2.



In addition, in RAN1#105-e the following agreement was reached regarding the encoding scheme for 1- or 2-bit high-priority or low-priority HARQ-ACK: 

	Agreement:
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. Down-select from the two options:
· Option 1: 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.
· Option 2: Reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.
· For HP HARQ-ACK or LP HARQ-ACK >2 bit(s), 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.
· FFS rate matching equation and RE mapping rules for PF2/3/4. Rel-15 is baseline if available.


 
Further, in RAN1#106-e the following was agreed regarding the rate matching and RE mapping aspects:

	Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· HP A/N reuses rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.
· LP A/N reuses rate matching equation, and RE mapping rules in Rel-15 for CSI-2.
Above applies at least for PUCCH format 3 and 4.
 
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, an additional maxCodeRate for LP HARQ-ACK can be configured in the second PUCCH-Config per PUCCH format.



Next, we discuss some of the remaining open points regarding the separate encoding of high-priority and low-priority HARQ-ACK.

When HP HARQ-ACK or LP HARQ-ACK is of 1 or 2 bits: 

These cases have been discussed in RAN1#106-e but without reaching an agreement, where the following options have been on the table (see FL summary in R1-2108628):

	· Option 1: 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.
· Option 2: Reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.



This aspect had been further discussed in RAN1#106bis-e but without reaching any consensus (see R1-2110636). In the following, we reiterate our view on this aspect.
 
The pros and cons for each option have been listed and discussed in the previous RAN1 meetings. The main concern regarding Option 1 is that current PUCCH scrambling design may need to be changed to account for the placeholder bits in case of modulation order is equal to 2 for 1-bit information. The scrambling design for PUSCH could be reused in order to account for the placeholder bits, so in that sense the specifications impact may be small for Option 1. On the other hand, the main concern regarding Option 2 is the overhead introduced by padding to 3 bits, resulting in a potential performance degradation compared to repetition or simplex coding.

Although we have expressed a slight preference towards Option 1 in the last RAN1 meeting, we could also be fine with Option 2 if this option is preferred by a majority of companies.

Proposal 3.4: For the multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK where the high-priority or low-priority HARQ-ACK is 1-2 bits and the total payload size is greater than 2,
· Adopt Option 1 as follows: In case HARQ-ACK is 1 bit, use the existing Rel-15 1-bit information encoding scheme in TS 38.212 Sec. 5.3.3.1 to encode this HARQ-ACK; in case HARQ-ACK is 2 bits, use the existing Rel-15 2-bit information encoding scheme in TS 38.212 Sec. 5.3.3.2 to encode this HARQ-ACK.
· In case HARQ-ACK is 1 bit, the scrambling design for PUSCH could be reused to account for the placeholder bits.

On dropping CSI: 

In our view, CSI (including both part 1 and part 2, if any) should be dropped if the CSI would be multiplexed with a high-priority HARQ-ACK on the same PUCCH. Actually, this would lead to simplifying the related Rel-17 intra-UE specifications work.

Proposal 3.5: Confirm the RAN1#104bis-e meeting’s Working Assumption to not support multiplexing of CSI (including part 1 and part 2, if any) and high-priority HARQ-ACK on PUCCH and thus to drop the CSI and prioritize the high-priority HARQ-ACK. 

Multiplexing of coded UCI bits to PUCCH Format 2:

As can be seen from the agreements listed above, in RAN#106-e it was agreed to reuse the Rel-15 operation of ‘multiplexing of coded bits to PUCCH’ for the multiplexing of high-priority and low-priority HARQ-ACKs at least for PUCCH formats 3 and 4.

On the other hand, such ‘multiplexing’ operation was not really considered for PUCCH Format 2. In our view, a simple ‘multiplexing’ of coded UCI bits should be adopted for Format 2. One potential approach would be to aggregate the coded high-priority HARQ-ACK bits and the coded low-priority HARQ-ACK bits. And, considering the sequence corresponding to the totality of aggregated coded HARQ-ACK bits, the mapping is done as if there is one UCI to be mapped to PUCCH resource with Format 2, i.e. use this aggregated coded HARQ-ACK bit sequence to follow the procedures described in Sec. 6.3.2.5 of TS 38.211.

Proposal 3.6: For the multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK on PUCCH Format 2, adopt the following approach for mapping the separately coded bits to PUCCH: 
· Aggregate the coded high-priority HARQ-ACK bits and the coded low-priority HARQ-ACK bits, and apply the procedures described in Sec. 6.3.2.5 of TS 38.211 to this aggregated coded HARQ-ACK bit sequence.

3.1.1.5 On how to select PUCCH resource set and number of PRBs for the multiplexed high- and low-priority HARQ-ACKs
All the above discussions assume that the high-priority PUCCH resource to be used for multiplexing has been selected. Note that this selection includes the selection/determination of the PUCCH resource set and the number of PRBs. It’s essential that both the UE and gNB have the same understanding regarding the selection of PUCCH resource set and number of PRBs; otherwise, the gNB would not be able to correctly decode the multiplexed high-priority and low-priority HARQ-ACK, and this would impact the performance of high-priority bits.

In that regard, it’s worth noting that the following agreement was reached in RAN1#106-e: 
	Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17,
· PUCCH resource set determination is based on: UCI payload size = the number of HP UCI bits + the number of LP UCI bits.
· FFS PRB number determination for HP A/N and LP A/N, e.g. based on their coding rates.
· FFS the impact to the number of LP UCI bits due to missed DCI and potential solutions
Note: the number of LP UCI bits in the above agreement does may not necessarily mean the actual number of LP UCI bits until the second FFS is resolved



[bookmark: _Hlk82943483]In addition, in RAN1#106bis-e the following was agreed on the PRB number determination: 

	Agreement
For determining the PUCCH resource to carry the multiplexed high-priority and low-priority HARQ-ACKs,
· The number of RBs for multiplexing HP HARQ-ACK and LP HARQ-ACK on a PUCCH format 3 is determined as following:
· If  , the minimum number of RBs is determined as the number of , satisfying  and 
· Note:  is multiplied at both sides to avoid mismatch between gNB and UE due to floating point operation. Editor to capture as suggested.
· Otherwise, 
· [bookmark: _Hlk86155407]Alt1: the number of RBs is . FFS: Whether/How LP HARQ-ACK is dropped.
· Alt2: the number of RBs is determined by HP ACK payload size. LP HARQ-ACK is fully dropped. 
· Other alternatives are not precluded.
· r_HP_UCI is maxCodeRate configured for HP bits and r_LP_UCI is maxCodeRate configured for LP bits in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).
· FFS whether more than one maxCodeRate can be configured for one priority.
· If   is not equal to [image: ] according to [4, TS 38.211],  is increased to the nearest allowed value of nrofPRBs for PUCCH-format3 provided by the second PUCCH-Config [12, TS 38.331].
· HP coded bits and LP coded bits are not transmitted using the same RE(s)
· FFS for PUCCH format 2.



In the following, we discuss the remaining open points on (i) the PRB number determination and (ii) how to avoid the impact of missed DCI(s) on the selection of PUCCH resource set and number of PRBs.

PRB number determination:

As can be seen from the related agreement copied above, one open point still on the PRB number determination is how to handle the case where the required number of PRBs is larger than the configured (maximum) number of PRBs, . The following options have been on the table:

	· Alt1: the number of RBs is . FFS: Whether/How LP HARQ-ACK is dropped.
· [bookmark: _Hlk86163673]Alt2: the number of RBs is determined by HP ACK payload size. LP HARQ-ACK is fully dropped. 
· Other alternatives are not precluded.



With Alt1, the configured number of PRBs,, is used, and it should then be discussed whether LP HARQ-ACK should be dropped. In that regard, three main options can be foreseen: 
· Alt1-1: Drop LP HARQ-ACK and use the  for transmitting the HP HARQ-ACK bits.
· Alt1-2: Decide whether to drop the LP HARQ-ACK based on some conditions related e.g. to some reliability aspects for LP HARQ-ACK.
· Alt1-3: Transmit the LP HARQ-ACK unconditionally.   
Alt1-1 is very simple, however it’s far from optimal since the LP HARQ-ACK is always dropped and an excessive or more-than-needed number of PRBs would be used for transmitting the HP HARQ-ACK bits. Alt1-2 would be better compared to Alt1-1 as we don’t always drop the LP HARQ-ACK, however Alt1-2 would require some additional determination/checking related to some condition(s). In addition, Alt1-2 requires defining and specifying such conditions, and this would require further round of discussions. Alt1-3 would be simple (as Alt1-1) but the information transmitted may not be useful as the LP HARQ-ACK may not be decodable. Therefore, we think Alt1-3 would just be wasting UL resources. 

On the other hand, Alt2 would require redetermining/recalculating the required PRB number to carry the HP HARQ-ACK given that the LP HARQ-ACK is dropped. But with this option, there would not be a waste of precious UL resources also affecting potentially the UE coverage. 

Given the very limited time left until the Rel-17 completion, we suggest adopting Alt.2 since it’s somewhat resource-efficient and doesn’t require defining new conditions (compared with Alt1-2).

Proposal 3.7: For the PRB number determination of the selected PUCCH resource that would carry the multiplexed high-priority HARQ-ACK and low-priority HARQ-ACK: when the required number of PRBs is larger than the configured number of PRBs, , adopt Alt2 as follows:
· Alt2: the number of RBs is determined by HP HARQ-ACK payload size. LP HARQ-ACK is fully dropped.

On how to avoid the impact of missed DCI(s):

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 PRBs used in the transmission based on the UCI payload and configured maximum code rate. The number of RBs is determined to be the smallest number of PRBs for which the code rate is below the maximum code rate, capped by the number of PRBs 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.
It can be noticed that in the determination of PUCCH resource to be used, 2 steps out of 3 depend 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 PRBs for the multiplexed HARQ-ACKs feedback than what the gNB would expect. 
Observation 3.1: Errors in low-priority HARQ-ACK codebook size determination e.g. due to missed DCI may cause selection of different PUCCH resource set or use of smaller number of PRBs for the multiplexed high-priority and low-priority 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 multi-hypotheses PUCCH blind detection.
Another option to overcome the above issue is to allow the PUCCH resource set and/or the number of PRBs to be determined at the UE at least partially based on some information indicated by the gNB for multiplexed high-priority and low-priority HARQ-ACKs. In that regard, in RAN1#105-e, the following options have been listed (R1-2106063):
	For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, further study the problem of ambiguity on LP HARQ-ACK existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection and the candidate options:
· Option 1: Configure a dedicated PUCCH resource for HP+LP in the second PUCCH-Config
· Option 2: PRI+x in the HP DCI is used to implicitly determine an extended PUCCH resource
· Option 3a: The LP type 2 codebook size is quantized/rounded up to a nearest reference size. FFS reference size granularity.
· Option 3b: Configuration of semi-static size reservation for LP HARQ-ACK payload is provided by RRC. LP HARQ-ACK semi-static size reservation is used instead of determined LP HARQ-ACK codebook size when selecting the PUCCH resource set.
· Option 4: Additional DCI field in DCI corresponding HP HARQ-ACK or HP PUSCH for determining the number of LP HARQ-ACK bits multiplexed on PUCCH/PUSCH.
· Option 5: Provide indication on at least the number of RBs and/or PUCCH resource set index to be used in the PUCCH transmission, where the indication is included in the high-priority DL assignment.
· Other solutions are not precluded.
· FFS ambiguity cases.



It is not clear how Option 1 would help solving the issue of DCI miss-detection (corresponding to low-priority HARQ-ACK) – unless the intention is to have a single PUCCH resource dedicated for the multiplexing, in which case this would be restrictive. On the other hand, it’s not clear how Option 2 would work at all. Option 3a is somewhat similar to Option 3b, but is slightly more complicated and still has the issue of DCI miss-detection if the miss detection would lead to a change from target reference size to a next smaller reference size. Therefore, Option 3b is clearly preferred over Option 3a. Options 4 and 5 are clear in their operation but they require additional indication in DCI.

Hence, among the above options, we see that the following options could be further considered for the specific indication and/or determination related to the PUCCH resource set index and number of PRBs:
· [bookmark: _Hlk76223956]Alt.1 (corresponds to Option 3b): 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 and/or number of PRBs.
· Alt.2 (corresponds to Option 4): Provide dynamic indication for low-priority HARQ-ACK codebook size in the DCI corresponding to HP HARQ-ACK. There could be a separate DCI field for the indication or alternatively, a DCI field could be jointly used for the dynamic indication of enabling/disabling low-priority HARQ-ACK multiplexing and the corresponding T-DAI / HARQ-ACK CB size.
· Alt.3 (corresponds to Option 5): The indication and determination are defining the number of PRBs and/or PUCCH resource set index to be used in the PUCCH transmission, where the indication is included using a new DCI field in the high-priority DL assignment.
· The UE then uses this indication to check whether there is any discrepancy compared to the PUCCH resource set index and/or number of PRBs it has determined, and, if needed, to determine the correct values of these parameters. On the (dynamic) indication, several options could be considered such as:
· [bookmark: _Hlk83657159]Option 5-A: the indication is m mod 2X, where m corresponds to the index of the PUCCH resource set assuming an X-bit DCI field. In this case, only the PUCCH resource is indicated, and the maximum number of PRBs configured for the PUCCH resource (indicated by PRI) is used. 
· Option 5-B: the indication is (n+m) mod 2 X, assuming an X-bit DCI field where n corresponds to the number of PRBs and m corresponds to the index of the PUCCH resource set. In this case, both the PUCCH resource set and the number of PRBs are indicated.

Between the above three alternatives/options, we have a slight preference towards Option 3b / At.1 as it doesn’t require adding a field in the DCI, while it should be noted that this alternative is less flexible compared to  Option 4 / Alt.2 and Option 5 / Alt.3. Note that quite a few companies showed support or at least have been open to Option 4 during the RAN1#106bis-e related discussions (see R1-2110636). For this reason, and since we don’t have a strong preference between Option 4 and Option 5, we think Option 4 could be adopted if Option 3b doesn’t receive enough support.

Based on all the above, we propose the following:

Proposal 3.8: To avoid discrepancy between the UE and the gNB on the determination of PUCCH resource set and number of PRBs for UCI containing multiplexed high-priority and low-priority HARQ-ACKs, support Option 3b: 
· Option 3b: Configuration of semi-static size reservation for low-priority HARQ-ACK payload is provided by RRC.
Otherwise, support Option 4:
· Option 4: Provide dynamic indication for low-priority HARQ-ACK codebook size in a DCI corresponding to HP HARQ-ACK.
· Alt-A: A new DCI field is used to indicate the corresponding total DAI or CB size for low-priority HARQ-ACK to avoid discrepancy on the low-priority HARQ-ACK codebook size.
· Alt-B: Different values in a new DCI field are used to indicate either (i) to not multiplex the low-priority HARQ-ACK or (ii) to multiplex the low priority HARQ-ACK and the corresponding total DAI or CB size for low-priority HARQ-ACK to avoid discrepancy on the low-priority HARQ-ACK codebook size.

3.1.1.6 Power adjustment component for PUCCH carrying multiplexed high-priority and low-priority HARQ-ACKs 
In RAN1#106bis-e, the power adjustment component when multiplexing high-priority and low-priority HARQ-ACK on PUCCH had been discussed considering mainly the following FL proposal: 
	[bookmark: _Hlk86305238]For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· [bookmark: _Hlk86307168][bookmark: _Hlk86184153]Use the HP UCI bit number and HP RE number for   calculation



Some companies (such as Ericsson) objected or had other preferences than this proposal, where some of the arguments/views used are summarized below (see R1-2110636):
· If the above proposal is adopted, there would be a need for one additional calculation/determination to calculate the number of REs corresponding to HP HARQ-ACK bits.  
· There are several PUCCH power control parameters, such as TPC command and P0, that could be configured/adjusted in such a way to guarantee the reliability of the multiplexed HP and LP HARQ-ACK. 
· A more suitable approach might be to calculate the power for HP and LP separately and consider the maximum between the two.

We are fine with the above FL proposal as it would somewhat guarantee that the determined power adjustment component would be suitable for HP HARQ-ACK bits reliability, since it considers the UCI payload size (i.e. HP UCI bit number) and the amount of resources (HP RE number) as if there were no LP HARQ-ACK multiplexed with the HP HARQ-ACK. In addition, the FL proposal received the support of many companies in RAN1#106bis-e, so it may be somewhat easier to converge and agree on this proposal. It should be noted that the FL proposal would be more applicable to PUCCH format 2/3/4, whereas for PUCCH format 1 the total HARQ-ACK/UCI bit number could be used to calculate  as the related determination/calculation is not dependent on the RE number (which is fixed as a single PRB is used for format 1).
Proposal 3.9: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, adopt the following regarding the power adjustment component:
· For PUCCH format 2/3/4, use the HP UCI bit number and HP RE number for  calculation. 
· For PUCCH format 1, use the total UCI bit number for calculation.

3.1.2 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.



Note that the RAN1#100b-e agreement copied above 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 that could be 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, for simplicity, our discussion assumes the first case in here, which would be the typical case.

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.

The support of multiplexing of high-priority SR and low-priority HARQ-ACK was agreed in RAN1#102-e, at least for some of the PUCCH formats combinations. Reusing the above handling/multiplexing rules 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 HARQ-ACK resource (which is here of low priority) for several of the PUCCH format combinations. And this could impact the latency and reliability of SR. 

Based on this observation, to allow multiplexing of high-priority SR and low-priority HARQ-ACK without impacting the SR performance, in our view the multiplexed UCI should be transmitted on the PUCCH resource for SR at least when SR is positive. 

It’s worth noting that in RAN1#104-e, some ‘agreements’ were made (see FL summary in R1-2101842) regarding the multiplexing of high-priority SR and low-priority HARQ-ACK, but only listing the various options proposed by the companies for the multiplexing without further down-selection. In RAN1#104bis-e, there had been further discussions on these scenarios but without reaching any conclusion or agreement. Some of the listed options for different cases are copied below (see FL summary R1-2103868). 

	When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
· Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· Opt.1a: The UE does not transmit negative SR.
· Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
· Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
· Opt.1d: with a power boost
· …



	When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1
· Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· Opt.1a: The UE does not transmit negative SR.
· Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource. 
· Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource 
· …



	When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
· …
· Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
· Opt.4: No enhancement over Rel-16. 
· …



In addition, in RAN1#105-e, RAN1#106-e, and RAN1#105-bis-e, these scenarios were discussed a bit considering the corresponding listed options but without reaching any consensus.

Based on the above discussion and observations, in the following table we summarize our view on the handling rules that could be used for a high-priority SR overlapping with a low-priority HARQ-ACK.     

Table 3.1: Handling rules for high-priority SR overlapping with low-priority HARQ-ACK
	
	LP HARQ-ACK with F0
	LP HARQ-ACK with F1
	LP HARQ-ACK with F2/3/4

	HP SR with F0
	Opt.1b: Transmit both on the SR resource if SR is positive; and the HARQ-ACK on the HARQ-ACK resource if SR is negative.
Opt.1c: Transmit both on the SR resource (regardless whether SR is positive or negative)
	Opt.1b: Transmit both on the SR resource if SR is positive; and the HARQ-ACK on the HARQ-ACK resource if SR is negative.
Opt.1c: Transmit both on the SR resource (regardless whether SR is positive or negative)
	If SR is positive, transmit SR on the SR resource and drop HARQ-ACK; if SR is negative, transmit HARQ-ACK-only on the HARQ-ACK resource. (Rel-16 rule)

	HP SR with F1
	Opt.3: Transmit HARQ-ACK on the SR resource if SR is positive; and transmit the HARQ-ACK on HARQ-ACK resource when SR is negative.
	Transmit HARQ-ACK on the SR resource if SR is positive; and transmit HARQ-ACK on the HARQ-ACK resource when SR is negative. (Rel-15 rule for same priority case)
	




Proposal 3.10: For the scenario where a PUCCH carrying high-priority SR overlaps with a PUCCH carrying low-priority HARQ-ACK:
· [bookmark: _Hlk59464166]If SR is with F0 and HARQ-ACK is with F0/F1, adopt one of the following options: 
· Opt.1b: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource. For negative SR, the UE transmits only HARQ-ACK on the HARQ-ACK resource.
· Opt.1c: The SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· If SR is with F1 and HARQ-ACK is with F0/F1, adopt Opt.3: Transmit HARQ-ACK on the SR resource if SR is positive; and transmit HARQ-ACK on the HARQ-ACK resource when SR is negative.
· If SR is with F0/F1 and HARQ-ACK is with F2/F3/F4: If SR is positive, transmit SR on the SR resource and drop HARQ-ACK; if SR is negative, transmit HARQ-ACK only on the HARQ-ACK resource.

3.1.3 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 is 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 sub-slot overlaps with a low-priority channel that crosses the sub-slot boundary. 

In RAN1#103-e, the high-level support of multiplexing for these scenarios was agreed, but all the related details are still FFS. 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 UCI. In this regard, the following can be observed:
· Multiplexing, when feasible/allowed, should be done only on a high-priority PUCCH resource, because, as previously discussed, using a low-priority PUCCH resource for multiplexing could impact the latency and reliability of the high-priority UCI and may lead to dropping the high-priority HARQ-ACK/UCI in some cases. On the other hand, when using a high-priority PUCCH resource, the reliability is preserved as this resource belongs to the PUCCH configurations with high priority. And the latency is also not impacted since the selected high-priority PUCCH resource for multiplexing would be confined within the sub-slot; e.g. sub-slot #0 in the example of Figure 3.1. It’s worth noting that the use of a high-priority PUCCH resource for multiplexing is so far explicitly agreed for the scenario where a high-priority HARQ-ACK overlaps with a low-priority HARQ-ACK. As discussed in other (sub)sections, we believe that the same principle should also be agreed for the scenarios where a high-priority SR overlaps with a low-priority HARQ-ACK.  
· The rule for handling the scenarios here should be simple and in line with the rules that will be adopted for the scenarios with more than two high-priority and low-priority overlapping channels.

Based on the above observations, one potential rule for handling the scenarios here, in such a way that the high-priority channel(s) is not impacted, is as follows:
· 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.

[bookmark: _Hlk59482936]Proposal 3.11: 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, adopt the following procedure:
· Multiplexing of low-priority PUCCH and high-priority PUCCH, 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.
· Additional conditions are FFS. 

3.2	Control channel vs. data channel
The discussion in this section is focused on the scenarios where the overlapping PUSCH(s) and PUCCH(s) are of different priorities. 
3.2.1 HARQ-ACK vs. PUSCH with different priorities 
Supporting multiplexing HARQ-ACK in PUSCH of different priorities was agreed in RAN1#102-e meeting.  
	RAN1#102 e-meeting agreements (not a full list):
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).
…..


This topic has been further discussed in all the following up RAN1 e-meetings. In the following we discuss our views on different open issues related to multiplexing HARQ-ACK on PUSCH of different priorities.
3.2.1.1 Explicit indication for multiplexing
For multiplexing HARQ-ACK in PUSCH of different priorities, the following agreement was made especially considering supporting gNB enabling/disabling the multiplexing process: 
	[bookmark: _Hlk66777448]Agreements (RAN1#103-e meeting):
· For HARQ-ACK multiplexing on PUSCH of different priority in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration, beta_offset=0
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.



This has been discussed over several e-meetings, while unfortunately no agreement achieved, and the issue is still open. Similar as discussed in Section 3.1.1.1, it is of importance to enable gNB to have the capability of dynamically enabling/disabling multiplexing HARQ-ACK in PUSCH of different priorities on top of RRC configuration, especially considering that beta-offset is already part of the DCI and it has been agreed in RAN1#106-e meeting that new sets of beta-offset values can be configured to the UE for multiplexing HARQ-ACK on PUSCH of different priorities. Moreover, in our view, 
· with dynamic indication, the possible intolerable performance degradation in terms of latency and/or reliability on the high-priority channel can be avoided since the multiplexing decision is made by gNB. Taking the overlapping of PUCCH carrying low-priority HARQ-ACK and high-priority DG PUSCH as an example, depending on the potential reliability and/or latency impacts on the high-priority DG PUSCH, gNB can dynamically determine and inform UE via DCI whether to multiplex low-priority HARQ-ACK in the overlapping high-priority PUSCH or not. For example, if the multiplexed low-priority HARQ-ACK would occupy a large portion of the PUSCH resource and there is a risk that the high-priority PUSCH would not be decoded successfully, gNB could disable the multiplexing. The same or similar approach can be used to guarantee the stringent performance requirements of a PUCCH carrying high-priority HARQ-ACK if it is overlapping with low-priority DG PUSCH. 
· In addition, allowing gNB dynamically enabling/disabling multiplexing via DCI signalling would ease the operation and significantly reduce specification effort also in other aspects as well. As one example, there is no need to specify bundling/compression of low-priority HARQ-ACK information. Moreover, there may be no need to define any extensive set of rules when multiplexing should be applied as this could be left to gNB implementation.

For the scenarios where DG PUSCH is involved, similar as already specified in TS 38.213, such indication can be carried over the DCI scheduling the UL transmission via different values of beta-offset. As one example, when the decision of gNB is not to multiplex, the value of beta-offset can be set to “0”. While in case a positive decision of multiplexing is made, a non-zero beta-offset can be included in the DCI scheduling DG PUSCH. However, in case with CG PUSCH, it could be a bit more complicated since the gNB cannot keep the control dynamically by taking into account the potential performance impacts on the high-priority channels. Moreover, depending on UE implementation, when UE making multiplexing decision, the UE might not be aware of a later coming PUCCH carrying HARQ-ACK. And therefore, in our view, multiplexing UCI on CG PUSCH of different priorities should not be supported especially considering the RAN1#107-e meeting is the last meeting for Rel-17 IIoT work, and the Rel-16 prioritization rule can be applied in case CG PUSCH is involved. Based on this, we propose:
Proposal 3.12: For the scenarios of multiplexing HARQ-ACK bits in DG PUSCH of different priorities, gNB dynamically indicates via beta-offset in the corresponding scheduling DCI whether to multiplex HARQ-ACK in PUSCH of different PHY priority or not (e.g. beta-offset = 0 is used to disable multiplexing). 
Proposal 3.13: Multiplexing of HARQ-ACK bits on CG PUSCH of a different PHY priority is not supported.
1 
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3.2.1.2 Configurations of multiplexing parameters (i.e. beta-offset and alpha)
To avoid any potential intolerable performance degradation on the high-priority channels, separate configurations of beta-offset for multiplexing HARQ-ACK in a PUSCH of different priorities were agreed in RAN1#102 e-meeting. With further development in RAN1#104-e meeting and 106-e meeting, the following agreements were made in RAN1 for multiplexing PUSCH and HARQ-ACK of different priorities:

	Agreements (RAN1#104-e meeting):
For multiplexing LP HARQ-ACK in a HP PUSCH, support 0< beta-offset <1.
· FFS value(s)
· FFS to additionally support beta-offset =0 or a value disabling the multiplexing
· Aim to NOT increase the corresponding bitwidth in the DCI (compared to Rel-16)

Agreement (RAN1#106-e meeting):
In NR Rel-17, [at least] 2 new set of beta offset values can be configured to the UE to indicate separate beta_offset values for the following cases:
· Multiplexing LP HARQ-ACK on HP PUSCH
· Multiplexing HP HARQ-ACK on LP PUSCH



Based on the available agreements, from beta-offset point of view, we are able to support all the agreed multiplexing scenarios including: 
· multiplexing of HARQ-ACK and PUSCH of the same priority using the existing set of beta-offset values (i.e. Rel-16 operation); 
· multiplexing low-priority HARQ-ACK on high-priority PUSCH using a new dedicated set of beta-offset values (i.e. Rel-17 operation); 
· multiplexing high-priority HARQ-ACK on low-priority PUSCH using another new dedicated set of beta-offset values (i.e. Rel-17 operation). 

The beta-offset indicator field in the DCI scheduling PUSCH transmission points to either one of the three sets of beta-offset values (if only high-priority or low-priority HARQ-ACK bits to be multiplexed on PUSCH) or two sets of beta-offset values (if both high-priority and low-priority HARQ-ACK bits to be multiplexed on PUSCH) without increasing the corresponding bitwidth in the DCI. For the case of both low- and high-priority HARQ-ACK bits are multiplexed on PUSCH, the applicable beta-offset values for multiplexing low- and high-priority HARQ-ACK bits are independently applied for the low-priority HARQ-ACK and high-priority HARQ-ACK information. 
Based on the discussion above, we have:
Observation 3.2: No additional sets of beta-offset values are needed to support multiplexing HARQ-ACK on PUSCH (same and/or different priority). For multiplexing of both low-priority and high-priority HARQ-ACK bits, the beta-offset indicator field in the DCI points to the respective two sets of beta-offset values to be applied respectively for low- and high-priority HARQ-ACK.

Regarding to the value range of beta-offset, as already discussed above, in order for the gNB to have the flexibility of enabling/disabling multiplexing HARQ-ACK in PUSCH of different priority, it is preferred to introduce new value of beta-offset, e.g. value “0” as the indication of no multiplexing.
Proposal 3.14: For the scenarios of multiplexing HARQ-ACK bits in PUSCH of different priorities, RAN1 shall support an additional beta-offset value of 0 to enable gNB flexibly enabling/disabling multiplexing HARQ-ACK in DG PUSCH of different priority.
Another open issue related to the parameters for multiplexing is the configuration of the scaling factor “alpha”, which limits the total number of resource elements assigned to UCI on PUSCH. To be more specific, the issue is whether it is essential to support separate configurations of alpha or not. In principle, separate configurations of alpha can be supported in Rel-17 with the similar arguments as supporting separate configuration of beta-offset. However, since separate configurations of beta-offset is supported, it becomes unclear how much benefits we can get with separately configured alphas. Following the similar procedure specified in Section 6.3.2.4.1.1 of TS 38.212 (rate matching of HARQ-ACK bits on PUSCH), the number of REs occupied by HARQ-ACK bits is determined by both alpha and beta-offset. With the properly configured beta-offset, we do not see the necessity to introduce another set of alpha values to limit the maximum number of REs for HARQ-ACK bits transmission. 
Proposal 3.15: For the scenarios of multiplexing HARQ-ACK bits in a PUSCH of different priorities, do not support separate configurations of the scaling factor “alpha”. 

3.2.1.3 Details on separate coding, rate matching and RE mapping
Related to multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK into a PUSCH, the following agreements were made in RAN1#104bis-e meeting and RAN1#106bis-e meeting respectively:
	[bookmark: _Hlk70681552]Agreements (RAN1#104bis-e meeting):
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.
· It is understood that it is intended that the number of encoding chains for all UCI multiplexing combinations in Rel-17 should not exceed that in Rel-15/16.

Agreement (RAN1#106bis-e meeting):
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK and LP HARQ-ACK would be transmitted on HP/LP PUSCH without CSI, 
· HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.1 and Clause 5.3.3. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· For LP HARQ-ACK, reuse R15 Part 1 CSI rate matching and RE mapping.


One aspect from the agreement is about the number of encoding chains for all UCI multiplexing combinations. Our understanding of the intention is to not increase the total number of encoding chains. From Rel-15, different UCIs, i.e. HARQ-ACK, CSI Part 1 and CSI part 2, are separately coded with 3 encoders respectively when they are multiplexing into one PUSCH. 
The most challenging scenario is multiplexing UCIs into low-priority PUSCH where the overlapping PUCCHs are supposed to carry all UCIs including high-priority HARQ-ACK, low-priority HARQ-ACK, CSI part 1 and CSI part 2. For this scenario, the issue is that, with separate coding, not all UCIs can be multiplexed on the PUSCH if keeping the total number of encoding chains as 3. During email discussion in RAN1#105, RAN1#106 and RAN1#106bis e-meetings [R1-2110636], there were proposals with options of potential joint coding of different UCIs, for example low-priority HARQ-ACK bits jointly coded with low-priority CSI part 1. In our view, this should not be the direction for further discussion. With joint coding, significant efforts and time are needed to study all the details for example how to determine the code rate, applicable beta-offset value etc. and clearly this is not preferred especially considering the last meeting of Rel-17 URLLC & IIoT WI. More importantly, in this example since both UCIs (to be jointed coded) are with low priority, we do not see any big issue to drop for example low-priority CSI. In addition, separate coding is fully aligned with previous RAN1 agreements and a single solution (i.e. separate coding) is much simpler. Based on this, we propose:
Proposal 3.16: For the scenario of the multiplexing between HARQ-ACK and PUSCH with different priorities, RAN1 should not support joint coding of different UCI types, for example low-priority HARQ-ACK and CSI.
RAN1 agreed the way of multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK and LP HARQ-ACK would be transmitted on HP/LP PUSCH without CSI. In the following we will discuss other possible scenarios: 
High-priority HARQ-ACK, low-priority HARQ-ACK and CSI (both part 1 and part 2) + low-priority PUSCH
In our view, for this scenario, dropping low-priority CSI is a preferred way to go. Different options have been discussed in previous RAN1 meetings in order to fulfil the requirement on the total number of encoding chains. Considering dropping CSI, the following two options have been proposed for discussion:
· Option 1: Dropping entire CSI (including both part 1 and part2, if exist) if CSI would multiplex into a low-priority PUSCH where both high-priority HARQ-ACK and low-priority HARQ-ACK will be multiplexed.
· Option 2: Dropping CSI part 2 only. Then the 3 encoders can be used for high-priority HARQ-ACK, low-priority HARQ-ACK and CSI part 1 respectively.
Both options are feasible. Considering better alignment with the agreed working assumption from RAN1#104bis-e meeting for the multiplexing on PUCCH, 
	Agreements (RAN1#104bis-e meeting):
(working assumption) Drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH which has HP A/N.


Option 1 is slightly preferred. Therefore, we suggest adopting the following proposal: 
Proposal 3.17: For the scenario where high-priority HARQ-ACK bits, low-priority HARQ-ACK bits and CSI would be multiplexed into a low-priority PUSCH, drop CSI (including part 1 and part 2, if exist).
After CSI dropping, only two encoding chains are needed for high-priority HARQ-ACK and low-priority HARQ-ACK separately. Considering rate matching and RE mapping, the same way as what agreed in RAN1#106bis-e meeting can be applied:
· Reuse Rel-15 HARQ-ACK rate matching/puncturing and RE mapping for high-priority HARQ-ACK.
· For low-priority HARQ-ACK, reuse Rel-15 Part 1 CSI rate matching and RE mapping.

High-priority HARQ-ACK, low-priority HARQ-ACK and low-priority P/SP-CSI (both part 1 and part 2) + high-priority PUSCH without CSI
In this scenario, it is our assumption that CSI carried by PUCCH should be treated as low-priority (as agreed already in RAN1#98bis during Rel-16) and not multiplexed into high-priority PUSCH. Then the number of encoding chains is not a problem for high-priority PUSCH since only two encoding chains are needed for separate coding two HARQ-ACKs. Considering rate matching and RE mapping, the same process as the above one can be applied: 
· Reuse Rel-15 HARQ-ACK rate matching/puncturing and RE mapping for high-priority HARQ-ACK.
· For low-priority HARQ-ACK, reuse Rel-15 Part 1 CSI rate matching and RE mapping.
Considering other scenarios where the PUCCH carrying CSI overlapping with high-priority PUSCH, it is our preference that the low-priority CSI is dropped no matter whether there would be high-priority and/or low-priority HARQ-ACK to be multiplexed into high-priority PUSCH or not. As mentioned above, RAN1 already agreed that P/SP-CSI carried on PUCCH is treated with low priority. There is no motivation to change such agreement. In addition, if necessary, gNB can always trigger A-CSI transmission over high-priority PUSCH. Therefore, we propose to drop low-priority CSI carried on PUCCH in case overlapping with high-priority PUSCH.
Proposal 3.18: For the scenarios where a high-priority PUSCH overlaps with a PUCCH carrying low-priority CSI, the low-priority CSI is always dropped.
Observation 3.3: For the scenario where multiplexing both high-priority HARQ-ACK bits and low-priority HARQ-ACK bits into a high-priority PUSCH without CSI, the number of encoding chains is sufficient.
High-priority HARQ-ACK, low-priority HARQ-ACK + high-priority PUSCH with CSI (both part 1 and part 2)
For this scenario, CSI should be treated as high-priority, i.e. the same priority as PUSCH. Following the same principle of separate coding discussed above, the low priority HARQ-ACK should be dropped due to the limitation from the number of encoding chains and clearly, we should not drop the high-priority CSI in this scenario. In the way, Rel-15 procedures for HARQ-ACK, CSI part 1 and CSI part 2 can be reused respectively for high-priority HARQ-ACK, CSI part 1 and CSI part 2. 
[bookmark: _Hlk76369153]Proposal 3.19: For the scenario where both high-priority HARQ-ACK bits and low-priority HARQ-ACK bits would be multiplexed into a high-priority PUSCH carrying CSI, drop low-priority HARQ-ACK.
In short, when multiplexing UCIs into PUSCH of different priorities, depending on the scenario, either low-priority CSI or low-priority HARQ-ACK will be dropped when the available number of encoding chains is not sufficient. The 3 encoding chains can be used to encode the UCIs to be multiplexed into PUSCH following the same/similar procedure as specified in TS 38.212. 
3.2.1.4 Minimizing impact on the reliability for high-priority UCIs via UL power control
In the sections above, we have discussed different ways of guaranteeing the performance of high-priority UCIs including separately configured beta-offset and separate coding. Another aspect which could be simply enhanced is UL power control, especially considering the scenarios where high-priority HARQ-ACK is multiplexed to low-priority PUSCH. Relying on specified operation for PUSCH power control determination may lead to a lower UL transmission power and potentially bring reliability degradation of the high-priority HARQ-ACK, because the power control parameters of low-priority PUSCH will be used for the transmission independent of high-priority UCI multiplexed or not. 
In order to further improve the achievable reliability, UE can be configured with a dedicated (sub-)set of power control parameters which is used for low-priority PUSCH transmission only when there is high-priority HARQ-ACK to be multiplexed. Just as one example, for low-priority PUSCH, two sets of power control parameters (e.g. p0 and alpha) can be configured for a UE. The UE determines the PUSCH transmission power considering whether there is multiplexed high-priority HARQ-ACK or not as following:
· In case no high-priority HARQ-ACK to be multiplexed on the low-priority PUSCH, the default power control parameter set can be applied.
· In case high-priority HARQ-ACK to be multiplexed on the low-priority PUSCH, the new parameter control set can be applied to guarantee the reliability of the high-priority HARQ-ACK.
The usage of the dedicated power control parameters can be dynamically indicated via e.g. DCI as well. The dedicated power control parameters can be specified as absolute value(s) or relative value(s) comparing to the default power control parameter set which is used if no high-priority HARQ-ACK to be multiplexed. Certainly, this is a very simple way to guarantee the required reliability performance of high-priority HARQ-ACK when multiplexed on low-priority PUSCH. It is worth to point out that the same problem does not appear for the scenario of multiplexing low-priority HARQ-ACK on high-priority PUSCH. And therefore, we propose RAN1 to specify enhanced PUSCH power control for low-priority PUSCH.
Proposal 3.20: For the scenario where multiplexing high-priority HARQ-ACK bits on a low-priority PUSCH, UE can be configured with a dedicated set of power control parameters to be used only when multiplexing high-priority HARQ-ACK on low-priority PUSCH in order to guarantee the required reliability for high-priority HARQ-ACK.
3.2.2 Low-priority PUSCH vs. high-priority SR  
In this case, following Rel-16 rule, the low-priority PUSCH is always dropped which will result in unnecessary retransmission. Clearly this is not optimal 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 by DM-RS. Therefore, different options can be studied further:
· Option 1: the reserved resource in terms of number of REs for example can be pre-configured via RRC signalling. 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 (only 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. Compared to Option 1 and 2, as always with some signalling using different DM-RS, this could lead to error cases (based on incorrect gNB DM-RS identification) potentially impacting the low-priority PUSCH performance. 
In case 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 3.21: Multiplexing high-priority SR on low-priority PUSCH is supported. RAN1 agrees the way of carrying high-priority SR information on low-priority PUSCH.

3.2.3 Considerations on more than two overlapping channels involving PUSCH  
In the discussions above, we have focused our discussion on the scenarios with two overlapping channels. However, following the agreed WA in RAN1#106-e meeting, 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 in Step 2. 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 priorities.
RAN1 should discuss how to handle different scenarios with more than two overlapping channels with necessary effort and take into account the discussions 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 the first place. 

As one 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 3.2 (a).
· 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 3.2 (b).

[image: ]
(a) two overlapping PUCCHs carrying HARQ-ACK
[image: ]
(b) one overlapping PUCCH carrying HARQ-ACK, one carrying SR
Figure 3.2: Example scenarios with more than two high-priority PUCCHs overlapping with low-priority PUSCH.

For case 1, it is noted that even the multiplexing of more than one PUCCH carrying high-priority HARQ-ACK on a high-priority PUSCH is not supported in Rel-16. 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 agreed:

Proposal 3.22: Multiplexing of more than one PUCCH carrying HARQ-ACK on a PUSCH of different priorities should not be supported, as the multiplexing is also not supported for the scenario where PUSCH and HARQ-ACK are with 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 could be supported. 

Proposal 3.23: Multiplexing of more than one high-priority PUCCH, where one of them is carrying HARQ-ACK and the other one carrying SR, on a low-priority PUSCH could be supported. 


3.3	Discussion on the overall Rel-17 PHY multiplexing and prioritization framework working assumption
In RAN1#106bis-e, the overall Rel-17 PHY multiplexing and prioritization framework had been discussed, where the following agreements were reached:

	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 both the subslot-based PUCCH and slot-based PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, reuse Rel-16 procedure for Step 1


 
Other aspects have been discussed in RAN1#106bis-e (see R1-2110636), such as the details of Step 2 and whether or not simultaneous PUCCH/PUSCH transmission is considered in Step 1, but without reaching any agreement. In the following, we discuss and provide our view on those aspects.

Whether to consider simultaneous PUCCH/PUSCH transmission in Step 1:

The following FL proposal have been on the table in RAN1#106bis-e:

	Simultaneous PUCCH/PUSCH transmission is not considered in Step 1, i.e. if simultaneous PUCCH/PUSCH transmission is enabled, it is only used to handle overlapping between different priorities. 
· Note: There is no agreement to support simultaneous PUCCH/PUSCH transmission for same priority.



We expressed our support for this proposal, as Step 1 is for handling channels of same PHY priority and to our understanding there is no agreement on supporting simultaneous PUCCH/PUSCH for the same priority case. Actually, it’s preferrable to not support for simultaneous PUCCH/PUSCH of a same priority for the reasons explained in Sec. 4. We thus suggest agreeing on the above proposal.

Proposal 3.24: Simultaneous PUCCH/PUSCH transmission of same PHY priority is not supported and is therefore not considered in Step 1. If simultaneous PUCCH/PUSCH transmission is enabled, it is only used to handle overlapping between different PHY priorities in Step 2. 

Details of Step 2:

The details of Step 2 have been discussed considering mainly the following latest FL proposal:

	First focusing on the case where a same PUCCH time unit is configured for HP PUCCH and LP PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision between LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision between PUCCHs and PUSCHs of different priorities. 
· FFS: Which PUSCH is used for multiplexing.
· Note: R15 timeline is applied for multiplexing in Step 2.
· FFS for the case where different time units are configured for HP PUCCH and LP PUCCH (pursuing a unified solution).
· FFS: How to avoid HP HARQ-ACK dropping.


    
This proposal was objected by a few companies mainly due to the Note on Rel-15 timeline. In that regard, there were some discussions on whether to use Rel-16 timeline or Rel-15 timeline for prioritization/dropping in Step 2. To address this point, some companies suggested updates to include some UE capability aspects as can be e.g. shown in the Intel’s suggested updates below:

	[bookmark: _Hlk86324435]First focusing on the case where a same PUCCH time unit is configured for HP PUCCH and LP PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision between LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision between PUCCHs and PUSCHs of different priorities. 
· FFS: Which PUSCH is used for multiplexing.
· Note: R15 timeline is applied for multiplexing in Step 2. Prioritization timeline in step 2 depends on UE capability 
· Capability #1:  Rel-15 timeline is applied for prioritization in step 2.
· Capability #2:  Rel-16 timeline is applied for prioritization in step 2. 
· FFS for the case where different time units are configured for HP PUCCH and LP PUCCH (pursuing a unified solution).
· FFS: How to avoid HP HARQ-ACK dropping.



In our view, the above updated proposal looks fine in principle. But, as we commented on the 4th round of discussions in RAN1#106bis-e, some clarification on the capabilities #1 and #2 may be needed. If the UE is configured with Rel-17 intra-UE multiplexing of different PHY priorities on PUCCH/PUSCH, the defined capabilities would be applicable. However, if the UE is not configured with Rel-17 intra-UE multiplexing of different PHY priorities for PUCCH/PUSCH but configured only with Rel-16 PHY prioritization, then the UE would apply the Rel-16 prioritization timeline (and not the R15 timeline based on UE capability #1). Otherwise, this would for the Rel-16 feature require two implementations, one based on the Rel-16 timeline and one based on the Rel-17 timeline (Rel-16 PHY prioritization timeline or Rel-15 dropping/prioritization timeline).

Proposal 3.25: Focusing on the case where a same PUCCH time unit is configured for HP PUCCH and LP PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision between LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision between PUCCHs and PUSCHs of different priorities. 
· Note: R15 timeline is applied for multiplexing in Step 2. Prioritization timeline for Rel-17 Intra-UE multiplexing enhancements in step 2 depends on UE capability: 
· Capability #1: Rel-15 timeline is applied for prioritization in step 2.
· Capability #2: Rel-16 timeline is applied for prioritization in step 2. 
· Note: For Rel-16 intra-UE prioritization operation without Rel-17 intra-UE multiplexing enhancements, the prioritization timeline is still to follow the Rel-16 timeline independent of the indicated UE capability. 


4	Rel-17 PHY prioritization to enable at least simultaneous PUCCH/PUSCH transmission on different cells
As indicated in [R1-2007075] and [R1-2009546], 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 the previous RAN1 e-meetings, we have the following agreements:
	Agreements (RAN1#102-e meeting):
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.

Agreements (RAN1#104-e meeting):
Per UE with the capability of inter-band CA, simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells can be RRC configured within the same PUCCH group
· FFS: dynamic indication

Conclusion (RAN1#106-e meeting):
Simultaneous PUCCH/PUSCH transmission on the same cell is not supported in Rel-17.



Moreover, at RAN1#106bis-e, the following was agreed for the overall framework of PHY priority handling for Rel-17: 
	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 both the subslot-based PUCCH and slot-based PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, reuse Rel-16 procedure for Step 1




Having this agreement available now, we can now look at the different mixed PHY priority cases considering the support of simultaneous PUSCH / PUCCH of the same priority in Step 1 that could happen with here. Figures 4.1, 4.2 and 4.3 consider the cases of two overlapping channels, three overlapping channels and 4 overlapping channels. Specifically, we consider the effect of enabling simultaneous PUSCH / PUCCH of the same priority here: 
· For 2 overlapping channels of different priorities (Case A & B), there is actually no difference as supporting simultaneous PUSCH / PUCCH of same priority is not applicable for these cases at all. 
· Looking at cases with a single PUCCH and two PUSCHs of different priorities of Case C and Case D, the simultaneous PUSCH /PUCCH operation would bring an improvement for Case C (as LP PUCCH / UCI could still be transmitted), but for Case D the UCI would be unnecessarily dropped as simultaneous PUSCH/PUCCH on a serving cell is not supported based on the RAN1 conclusion. Please note, that the RAN1 working assumption clearly points out, that recursive pseudo code is to be avoided, i.e. if there had been a decision of simultaneous PUSCH/PUCCH of the same priority for Case D, after step 1 of the working assumption this would not be changed and the LP PUCCH is to be dropped. 
· Looking at the cases of two PUCCHs of different priorities and a single PUSCH of Case E and Case F, simultaneous PUSCH/PUCCH of the same priority after step 1 would lead for both cases to unnecessary UCI dropping – as for both cases the HP PUCCH would cancel the LP PUCCH on the PCell. In contrast, if the simultaneous PUCCH/PUSCH transmission of the same PHY priority is not supported, the resulting channels after step 1 would be PUSCH and PUCCH of different priorities which could be transmitted in parallel. 
· Looking at the 4 overlapping channel cases G to J including two PUCCHs and two PUSCHs of different priorities, also here the simultaneous PUSCH/PUCCH transmission of same priority is not improving the situation – but on the contrary. 
· For Case G, there is actually no difference as the resulting channel would be the HP PUSCH anyhow. 
· For Case H, without same priority simultaneous PUSCH/PUSCH after step 1, the overlapping LP PUSCH and HP PUSCH including the multiplexed UCI could be transmitted whereas for the case of same PHY priority simultaneous transmission after step 1, the LP PUSCH & LP PUSCH is to be cancelled by the resulting HP PUCCH on PCell. Therefore, not just the LP UCI is lost but also LP PUSCH is to be cancelled unnecessarily. 
· For Case I, without same priority simultaneous PUSCH/PUSCH after step 1, the overlapping LP PUSCH and HP PUSCH including the multiplexed UCI could be transmitted whereas for the case of same PHY priority simultaneous transmission after step 1, the LP PUCCH is to be cancelled by the resulting HP PUSCH (incl. HP UCI). This leads to unnecessary LP UCI dropping. 
· For Case J, there is no difference between the with or without simultaneous PUSCH/PUSCH of the same PHY priority in terms of transmitted information, as either HP PUCCH and HP PUSCH are to be transmitted or HP PUSCH (incl. HP UCI) is to be transmitted. 

To summarize the discussions above, the following can be noted: 

Observation 4.1: The operation of simultaneous PUSCH / PUCCH of the same PHY priority (in Step 1) for the mixed PHY priority case would lead to unnecessary LP UCI (and PUSCH) dropping, as shown for five of identified cases (Case C, E, F, H & I); whereas only for a single case (Case C) unnecessary LP UCI dropping could be prevented. 


[image: ]
Figure 4.1: Examples for simultaneous PUCCH / PUSCH considering 2 overlapping channels. 
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Figure 4.2: Examples for simultaneous PUCCH / PUSCH considering 3 overlapping channels.
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Figure 4.3: Examples for simultaneous PUCCH / PUSCH considering 4 overlapping channels.


Looking now at the support of simultaneous PUSCH / PUCCH for same PHY priority operation for the case that PHY prioritization / priority is not configured, we are really wondering why this is to be supported, as: 
· This will not improve the latency or reliability of UCI of the single PHY priority, so no advantages of supporting this are identified. 
· But at the same time, this requires additional specification, implementation, and IoT testing work as the related UCI multiplexing procedures are to be changed from the Rel-16 operation. The same applies to the mixed PHY priority cases for step 1 of the RAN1#106-e working assumption.
· Moreover, this requires the UE to support both cases (Rel-16 and Rel-17 multiplexing within the same priority, depending on the gNB capabilities & related configuration) increasing the UE complexity. 
· Similarly, on the gNB side this requires different multiplexing handling for different UEs (depending on their capabilities) for both cases without PHY priority and two PHY priorities. 

Observation 4.2: The operation of simultaneous PUSCH / PUCCH of the same PHY priority for a single PHY priority case (i.e., PHY priority not configured) does not provide any advantages over the Rel-15/16 operation. 

Observation 4.3: The support of simultaneous PUSCH / PUCCH of the same PHY priority leads to unnecessary increased specification, implementation and IoT testing efforts and thereby will unnecessarily increase UE and gNB complexity. 


Last but not least on the support, we think that the support of simultaneous PUSCH/PUCCH transmission of the same PHY priority is not in scope of the WI objective, as the WI objective clearly describes that only multiplexing enhancements of different PHY priorities are in focus: 
	3.   Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. 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. 
b. 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 



Observation 4.4: Multiplexing enhancements of the same PHY priority are not in scope of the WI objective i.e. simultaneous PUSCH / PUSCH of the same PHY priority is outside the Rel-17 WI scope.

To summarize the above discussions leading to observations 4.1 to 4.4, we suggest to not support simultaneous PUCCH / PUSCH of the same PHY priority in Rel-17: 
Proposal 4.1: The simultaneous transmission of PUCCH and PUSCH on different serving cells is applicable only for the case when PUCCH and PUSCH are of different PHY priority, i.e. simultaneous PUSCH / PUCCH of the same PHY priority is not supported in Rel-17. 
The following related proposals are still brought forward based on our earlier contribution in R1-2100729: 
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 enabled via higher layer signalling (e.g. RRC 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: 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.
Proposal 2.2: The Rel-16 collision handling of per PUCCH repetition is also adopted for the additional Rel-17 PUSCH collision scenarios between HP CG PUSCH and LP DG PUSCH and between HP DG PUSCH and LP 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: The gNB dynamically indicates, via an explicit field in the last DCI scheduling HARQ-ACK, whether multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK (or more generally low-priority multiplexed UCIs) is enabled or disabled.
· FFS: It is up to gNB to configure the dynamic multiplexing using a new DCI field (i.e., if not configured the multiplexing is enabled through RRC configuration only).

Proposal 3.2: For the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with another PUCCH carrying low-priority HARQ-ACK and the total payload size is two bits, the order of the multiplexed two bits could be [high-priority HARQ-ACK bit, low-priority HARQ-ACK bit].  

Proposal 3.3: For the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with another PUCCH carrying low-priority HARQ-ACK: If the low- and high-priority HARQ-ACK does not have a corresponding PDCCH (i.e., low- and high priority ‘SPS’ HARQ only), the multiplexing is not supported.

Proposal 3.4: For the multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK where the high-priority or low-priority HARQ-ACK is 1-2 bits and the total payload size is greater than 2,
· Adopt Option 1 as follows: In case HARQ-ACK is 1 bit, use the existing Rel-15 1-bit information encoding scheme in TS 38.212 Sec. 5.3.3.1 to encode this HARQ-ACK; in case HARQ-ACK is 2 bits, use the existing Rel-15 2-bit information encoding scheme in TS 38.212 Sec. 5.3.3.2 to encode this HARQ-ACK.
· In case HARQ-ACK is 1 bit, the scrambling design for PUSCH could be reused to account for the placeholder bits.

Proposal 3.5: Confirm the RAN1#104bis-e meeting’s Working Assumption to not support multiplexing of CSI (including part 1 and part 2, if any) and high-priority HARQ-ACK on PUCCH and thus to drop the CSI and prioritize the high-priority HARQ-ACK. 

Proposal 3.6: For the multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK on PUCCH Format 2, adopt the following approach for mapping the separately coded bits to PUCCH: 
· Aggregate the coded high-priority HARQ-ACK bits and the coded low-priority HARQ-ACK bits, and apply the procedures described in Sec. 6.3.2.5 of TS 38.211 to this aggregated coded HARQ-ACK bit sequence.

Proposal 3.7: For the PRB number determination of the selected PUCCH resource that would carry the multiplexed high-priority HARQ-ACK and low-priority HARQ-ACK: when the required number of PRBs is larger than the configured number of PRBs, , adopt Alt2 as follows:
· Alt2: the number of RBs is determined by HP HARQ-ACK payload size. LP HARQ-ACK is fully dropped.

Observation 3.1: Errors in low-priority HARQ-ACK codebook size determination e.g. due to missed DCI may cause selection of different PUCCH resource set or use of smaller number of PRBs for the multiplexed high-priority and low-priority HARQ-ACKs feedback than what gNB would expect. 
Proposal 3.8: To avoid discrepancy between the UE and the gNB on the determination of PUCCH resource set and number of PRBs for UCI containing multiplexed high-priority and low-priority HARQ-ACKs, support Option 3b: 
· Option 3b: Configuration of semi-static size reservation for low-priority HARQ-ACK payload is provided by RRC.
Otherwise, support Option 4:
· Option 4: Provide dynamic indication for low-priority HARQ-ACK codebook size in a DCI corresponding to HP HARQ-ACK.
· Alt-A: A new DCI field is used to indicate the corresponding total DAI or CB size for low-priority HARQ-ACK to avoid discrepancy on the low-priority HARQ-ACK codebook size.
· Alt-B: Different values in a new DCI field are used to indicate either (i) to not multiplex the low-priority HARQ-ACK or (ii) to multiplex the low priority HARQ-ACK and the corresponding total DAI or CB size for low-priority HARQ-ACK to avoid discrepancy on the low-priority HARQ-ACK codebook size.

Proposal 3.9: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, adopt the following regarding the power adjustment component:
· For PUCCH format 2/3/4, use the HP UCI bit number and HP RE number for  calculation. 
· For PUCCH format 1, use the total UCI bit number for calculation.

Proposal 3.10: For the scenario where a PUCCH carrying high-priority SR overlaps with a PUCCH carrying low-priority HARQ-ACK:
· If SR is with F0 and HARQ-ACK is with F0/F1, adopt one of the following options: 
· Opt.1b: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource. For negative SR, the UE transmits only HARQ-ACK on the HARQ-ACK resource.
· Opt.1c: The SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· If SR is with F1 and HARQ-ACK is with F0/F1, adopt Opt.3: Transmit HARQ-ACK on the SR resource if SR is positive; and transmit HARQ-ACK on the HARQ-ACK resource when SR is negative.
· If SR is with F0/F1 and HARQ-ACK is with F2/F3/F4: If SR is positive, transmit SR on the SR resource and drop HARQ-ACK; if SR is negative, transmit HARQ-ACK only on the HARQ-ACK resource.

Proposal 3.11: 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, adopt the following procedure:
· Multiplexing of low-priority PUCCH and high-priority PUCCH, 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.
· Additional conditions are FFS. 

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 3.12: For the scenarios of multiplexing HARQ-ACK bits in DG PUSCH of different priorities, gNB dynamically indicates via beta-offset in the corresponding scheduling DCI whether to multiplex HARQ-ACK in PUSCH of different PHY priority or not (e.g. beta-offset = 0 is used to disable multiplexing). 
Proposal 3.13: Multiplexing of HARQ-ACK bits on CG PUSCH of a different PHY priority is not supported.
Observation 3.2: No additional sets of beta-offset values are needed to support multiplexing HARQ-ACK on PUSCH (same and/or different priority). For multiplexing of both low-priority and high-priority HARQ-ACK bits, the beta-offset indicator field in the DCI points to the respective two sets of beta-offset values to be applied respectively for low- and high-priority HARQ-ACK.

Proposal 3.14: For the scenarios of multiplexing HARQ-ACK bits in PUSCH of different priorities, RAN1 shall support an additional beta-offset value of 0 to enable gNB flexibly enabling/disabling multiplexing HARQ-ACK in DG PUSCH of different priority.
Proposal 3.15: For the scenarios of multiplexing HARQ-ACK bits in a PUSCH of different priorities, do not support separate configurations of the scaling factor “alpha”. 
Proposal 3.16: For the scenario of the multiplexing between HARQ-ACK and PUSCH with different priorities, RAN1 should not support joint coding of different UCI types, for example low-priority HARQ-ACK and CSI.
Proposal 3.17: For the scenario where high-priority HARQ-ACK bits, low-priority HARQ-ACK bits and CSI would be multiplexed into a low-priority PUSCH, drop CSI (including part 1 and part 2, if exist).
Proposal 3.18: For the scenarios where a high-priority PUSCH overlaps with a PUCCH carrying low-priority CSI, the low-priority CSI is always dropped.
Observation 3.3: For the scenario where multiplexing both high-priority HARQ-ACK bits and low-priority HARQ-ACK bits into a high-priority PUSCH without CSI, the number of encoding chains is sufficient.
Proposal 3.19: For the scenario where both high-priority HARQ-ACK bits and low-priority HARQ-ACK bits would be multiplexed into a high-priority PUSCH carrying CSI, drop low-priority HARQ-ACK.
Proposal 3.20: For the scenario where multiplexing high-priority HARQ-ACK bits on a low-priority PUSCH, UE can be configured with a dedicated set of power control parameters to be used only when multiplexing high-priority HARQ-ACK on low-priority PUSCH in order to guarantee the required reliability for high-priority HARQ-ACK.
Proposal 3.21: Multiplexing high-priority SR on low-priority PUSCH is supported. RAN1 agrees the way of carrying high-priority SR information on low-priority PUSCH.

Proposal 3.22: Multiplexing of more than one PUCCH carrying HARQ-ACK on a PUSCH of different priorities should not be supported, as the multiplexing is also not supported for the scenario where PUSCH and HARQ-ACK are with the same priority.

Proposal 3.23: Multiplexing of more than one high-priority PUCCH, where one of them is carrying HARQ-ACK and the other one carrying SR, on a low-priority PUSCH could be supported. 

For the overall Rel-17 PHY multiplexing and prioritization framework in Sec. 3.3, we have the following observations and proposals:  
Proposal 3.24: Simultaneous PUCCH/PUSCH transmission of same PHY priority is not supported and is therefore not considered in Step 1. If simultaneous PUCCH/PUSCH transmission is enabled, it is only used to handle overlapping between different PHY priorities in Step 2. 

Proposal 3.25: Focusing on the case where a same PUCCH time unit is configured for HP PUCCH and LP PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision between LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision between PUCCHs and PUSCHs of different priorities. 
· Note: R15 timeline is applied for multiplexing in Step 2. Prioritization timeline for Rel-17 Intra-UE multiplexing enhancements in step 2 depends on UE capability: 
· Capability #1: Rel-15 timeline is applied for prioritization in step 2.
· Capability #2: Rel-16 timeline is applied for prioritization in step 2. 
· Note: For Rel-16 intra-UE prioritization operation without Rel-17 intra-UE multiplexing enhancements, the prioritization timeline is still to follow the Rel-16 timeline independent of the indicated UE capability. 

Based on the discussions on simultaneous PUCCH/PUSCH transmission on different cells in Sec. 4, we propose:
Observation 4.1: The operation of simultaneous PUSCH / PUCCH of the same PHY priority (in Step 1) for the mixed PHY priority case would lead to unnecessary LP UCI (and PUSCH) dropping, as shown for five of identified cases (Case C, E, F, H & I); whereas only for a single case (Case C) unnecessary LP UCI dropping could be prevented. 

Observation 4.2: The operation of simultaneous PUSCH / PUCCH of the same PHY priority for a single PHY priority case (i.e., PHY priority not configured) does not provide any advantages over the Rel-15/16 operation. 

Observation 4.3: The support of simultaneous PUSCH / PUCCH of the same PHY priority leads to unnecessary increased specification, implementation and IoT testing efforts and thereby will unnecessarily increase UE and gNB complexity. 

Observation 4.4: Multiplexing enhancements of the same PHY priority are not in scope of the WI objective i.e. simultaneous PUSCH / PUSCH of the same PHY priority is outside the Rel-17 WI scope.
Proposal 4.1: The simultaneous transmission of PUCCH and PUSCH on different serving cells is applicable only for the case when PUCCH and PUSCH are of different PHY priority, i.e. simultaneous PUSCH / PUCCH of the same PHY priority is not supported in Rel-17. 
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 enabled via higher layer signalling (e.g. RRC signalling).
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