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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In the RAN1#104b e-meeting, intra-UE multiplexing/prioritization are discussed and some agreements are achieved as following:

Agreements:
[bookmark: _Hlk71575034]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.
· 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.
 
Agreement:
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.

In this contribution, we share our view on intra-UE multiplexing and prioritization for URLLC.
2. [bookmark: OLE_LINK12]Intra-UE collision scenarios for UCI enhancements
2.1. Priority of UCI multiplexing scenarios
For intra-UE multiplexing with different priorities, some scenarios are agreed as in Table 1 in the previous meeting. The discussion on whether the other scenarios are supported is still open. Among these scenarios, some scenarios can be prioritized for discussion considering the potential benefits and specification impact, as well as the allocated TUs for Rel-17 URLLC WID. Following prioritizations are suggested for these scenarios.
· High priority 
· For multiplexing of LP (low priority) SR and HP (high priority) HARQ-ACK, it also deemed as high priority, because it is similar to the multiplexing of LP HARQ-ACK(A/N) and HP HARQ-ACK. Frequent dropping of LP SR also brings the negative impact on LP PUSCH transmission. Generally, the number of SR payload size is small, which does not markedly influence the reliability of HP HARQ-ACK. 
· Medium priority
· [bookmark: _Hlk60843981]In current specs, PUSCH and SR are not allowed to be transmitted simultaneously. For SR transmission colliding with PUSCH, whether SR can be multiplexed in PUSCH as HARQ-ACK piggybacked on PUSCH can be discussed. Multiplexing of SRs with different priorities and multiplexing between SR and PUSCH can be as medium priority because it is also related with RAN2 procedure. 
· Low priority
· For multiplexing of LP CSI on UL channel with high priority, these scenarios can be deemed as low priority, because gNB can adjust MCS of eMBB service based on outer loop operation. 
For low priority scenarios, investigation can be considered after completion of the standardization work for high and medium scenarios, if time permits. Otherwise, Rel-16 behaviors for these scenarios are reused.
[bookmark: _Hlk54103188]Table 1 UCI multiplexing scenarios
	
	HP SR
	HP HARQ-ACK
	HP HARQ-ACK+SR
	HP PUSCH (UL-SCH only) 
	HP PUSCH + HP HARQ-ACK and/or CSI

	LP HARQ-ACK
	agreed
	agreed
	agreed
	agreed
	agreed

	LP PUSCH (UL-SCH only) 
	Medium
	agreed
	agreed
	*
	*

	LP PUSCH + LP HARQ-ACK and/or CSI
	Medium
	agreed
	agreed
	*
	*

	LP SR
	Medium
	High
	Medium
	Medium
	Medium

	CSI
	low
	low
	low
	low
	low


*Note: will be discussed in HP DG vs. LP CG and LP DG vs. HP CG section
[bookmark: _Hlk61276612][bookmark: _Hlk54103171]Proposal 1: Support multiplexing a high-priority HARQ-ACK and a low-priority SR into a PUCCH in Rel-17.
Proposal 2:  The priorities of investigation scenarios bases on Table 1.
2.2. Multiplexing on PUCCH
2.2.1. Multiplexing condition for PUCCH 
[bookmark: _Hlk54357748][bookmark: _Hlk68077292]When the total number of LP and HP HARQ-ACK bits is more than 2, separate coding for the two HARQ-ACKs was agreed in the last meeting. For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), it is still open whether the separate coding is applied. If HP HARQ-ACK of 1-2 bit(s) with LP HARQ-ACK with large payload size, joint coding would lead to the large resource utilization due to a low code rate for both HP and LP HARQ-ACK. According to our evaluations [2], the BER performance of separate encoding is better than joint encoding for HP HARQ-ACK with small payload size case. Considering a unified solution, separate coding is suggested for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s).  
Proposal 3: For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), separate coding is suggested.
In Rel-15, the number of separately encoded UCIs multiplexed in a PUCCH is 2. If LP UCI and HP UCI multiplexed in a single PUCCH, maintaining the same number of separately encoders is beneficial to decrease the potential UE complexity. From this perspective, dropping CSI (including part 1 and part2, if exist) is straightforward way to empty an encoder for LP A/N. Considering only LP CSI carried on PUCCH, gNB can use a conservative scheduling scheme to decrease the impact of dropping CSI. 
On the other hand, when LP A/N reuses the encoder for CSI part 2, LP A/N can be deemed as if CSI-part 2 transmission. The current rate matching equation and mapping rules can be reused with small updates, which can decrease the specification impact and simplify the multiplexing rule of UCI with the different priorities. Therefore, working assumption can be confirmed that drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH which has HP A/N when UCI multiplexing with different priorities is enabled. The following principle should be baseline.   
· HP A/N reuse the encoder, rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-part 1.
· LP A/N reuse the encoder, rate matching equation, and mapping rules in Rel-15 for CSI-part 2.
[bookmark: _Hlk61276618][bookmark: _Hlk54103347]Proposal 4: Confirm the working assumption that drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH which has HP A/N.
Proposal 5: The following principle should be baseline for UCI multiplexing with different priorities
· HP A/N reuse the encoder, rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-part 1.
· LP A/N reuse the encoder, rate matching equation, and mapping rules in Rel-15 for CSI-part 2.
In current spec, a single maximum code rate is configured for each PUCCH format regardless of UCI types. For multiplexing HP and LP A/N on a PUCCH, different maximum code rates should be configured for a PUCCH, where one code rate is for HP UCI and the other code rate is for LP UCI. gNB should guarantee code rate of HP and LP A/N less than the maximum code rates by scheduling or configuration. 
For UCI with a single priority, UE determines PUCCH resource set based on UCI payload size. For UCI multiplexing with different priorities, if same rule is applied for PUCCH resource set selection, the resources for transmission can be not enough or wasted. Thus, a scaling factor to determine a total reference UCI payload size should be considered for PUCCH resource set selection due to the different code rates for HP and LP UCI, and the scaling factor can be based on the code rates for LP UCI and HP UCI. For example, the total UCI payload for determining the PUCCH resource set is the number of HP UCI bits + the number of LP UCI bits * scaling factor. The scaling factor can be a function of code rate for HP UCI and LP UCI.
[bookmark: _Hlk71391234][bookmark: _Hlk71549497]Proposal 6: For both HP and LP A/N on PUCCH, two maximum code rates are configured for each PUCCH format corresponding to HP and LP HARQ-ACK, respectively. 
Proposal 7: A scaling factor to determine a target reference UCI payload size should be considered for PUCCH resource set selection due to the different code rates for HP and LP UCI. The scaling factor can be a function of code rate for HP and LP UCI.

2.2.2. Multiplexing scheme on PUCCH 
LP HARQ-ACK vs. HP SR
Table 2 shows the summary of the conflict handing between HARQ-ACK and SR in Rel-15. 
Table 2 Summary of conflict handling of HARQ-ACK and SR in NR Rel-15
	
	HARQ-ACK w/ F0
	HARQ-ACK w/ F1
	HARQ-ACK w/ F2/3/4

	
	One bit SR
	Multi-bit SR if there are multiple PUCCHs respective for multiple SRs overlapping with HARQ-ACK PUCCH

	SR with F0
	Transmit positive or negative SR and HARQ-ACK on HARQ-ACK resource
	Drop SR, transmit HARQ-ACK only (Case 1)
	
 bits representing a negative or positive SR are appended to the HARQ-ACK information bits and using HARQ-ACK PUCCH resource. (Case 2)

	SR with F1
	
	Transmit HARQ-ACK on SR resource when the SR is positive
	


In the last meeting, solutions for multiplexing of LP HARQ-ACK and HP SR with different PUCCH formats are discussed. In this section, we share our views on these issues. 
· HP SR with PF0 vs. LP HARQ-ACK with PF0
For HP SR with PF0 collides with LP HARQ-ACK with PF0, Rel-15 mechanism can be reused to reduce the LP HARQ-ACK dropping. LP HARQ-Ack is deemed as HP HARQ-ACK. 
[bookmark: _Hlk71391269][bookmark: _Hlk68617102][bookmark: _Hlk68617076][bookmark: _Hlk68077312]Proposal 8: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, option 2c is adapted. 
· If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.

· HP SR with PF0 vs. LP HARQ-ACK with PF1
For this case, in Rel-15, since the multiplexing rules for SR and HARQ-ACK with PUCCH format 0, as well as SR and HARQ-ACK with PUCCH format 1 are different, it is hard to determine how to multiplex SR with PUCCH format 0 and HARQ-ACK with PUCCH format 1 in a single PUCCH. When SR with PUCCH format 0 overlaps with HARQ-ACK with PUCCH format 1 in time domain, UE shall drop SR transmission and transmits only HARQ-ACK. In Rel-16, when HP SR with PUCCH format 0 overlaps with LP HARQ-ACK with PUCCH format 1, LP HARQ-ACK would be dropped. For this case, if considering the multiplexing of HP SR and LP HARQ-ACK, the additional cyclic shift or PRB resource would be configured for UE. Even no overlapping of HP SR and LP HARQ-ACK, the resource is also reserved for the UE, which also decrease resource utilization efficiency. Thus, for this case, Rel-16 method are preferred.
[bookmark: _Hlk71391274][bookmark: _Hlk68617141][bookmark: _Hlk68077320]Proposal 9: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, option 4 is adapted. 
· For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.

· HP SR with PF1vs. LP HARQ-ACK with PF0
For this case, Rel-15 mechanism can be reused to reduce the LP HARQ-ACK dropping.
[bookmark: _Hlk71391286][bookmark: _Hlk68617163][bookmark: _Hlk68077354]Proposal 10: When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, option 2c is adapted.
· If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.

· Overlapping between SR and HARQ-ACK with PUCCH format 2/3/4.
For case 2, when SR overlaps with HARQ-ACK on PUCCH format 2/3/4, one or multiple bits are appended to HARQ-ACK bits and transmitted on a HARQ-ACK PUCCH resource. When the HP SR and LP HARQ-ACK are collided, the reliability and latency should be considered to multiplexing HP SR in LP PUCCH format 2/3/4.
In addition, for all collision cases between LP HARQ-ACK and HP SR in terms of different PUCCH format, when HP SR and LP HARQ-ACK are multiplexed on LP HARQ-ACK PUCCH resource, the issue of PUCCH transmission power should be considered because LP and HP can have different power control parameters.
· The total number of LP and HP HARQ-ACK bits is 2 bits
In Rel-16, for both HP HARQ-ACK and LP HARQ-ACK, when the total number of LP and HP HARQ-ACK bits is 2 bits, no channel coding is introduced. For 2-bit HP HARQ-ACK, the performance of PUCCH format 0 and format 1 can meet the requirement for URLLC service. In Rel-17, it is unnecessary that the performance of multiplexing of 1-bit LP and 1-bit HP HARQ-ACK is better than the one of 2-bit HP HARQ-ACK unless the performance for 2-bit HP HARQ-ACK case being not good enough is justified. On the other hand, gNB could still decide whether to allow multiplexing or not between HP and LP HARQ-ACK for such cases.
So, no enhancement is required to handle for multiplexing of 1bit LP and 1-bit HP HARQ-ACK case. The 2-bit LP and HP HARQ-ACK can be transmitted on PUCCH format 0 or format 1 in the same way as that of 2-bit UCI with a single priority on PUCCH format 0 or format 1 in NR Rel-15/16. 
In addition, in the last meeting, it was agreed to multiplex LP HARQ-ACK and HP HARQ-ACK on a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) at least in case the total number of LP and HP HARQ-ACK bits is more than 2, and FFS in case the total number of LP and HP HARQ-ACK bits is 2. In this case, LP and HP HARQ-ACK can be multiplexed on the HP HARQ-ACK PUCCH resource.
[bookmark: _Hlk71391303][bookmark: _Hlk61276686][bookmark: _Hlk68077371][bookmark: _Hlk61277221]Proposal 11:  For multiplexing a HP HARQ-ACK and a LP HARQ-ACK, when the total number of LP and HP HARQ-ACK bits is 2 bits.
· [bookmark: _Hlk68077446][bookmark: _Hlk60848041]On PUCCH format 0: HP HARQ-ACK bit and LP HARQ-ACK bit are mapped into a cyclic shift as in R15/R16.
· On PUCCH format 1: HP HARQ-ACK bit and LP HARQ-ACK bit are modulated into a QPSK symbol as in R15/R16.
2.2.3. Multiplexing order on PUCCH
In Rel-16, the UCI prioritization is performed after resolving collision within the same priority. Whether the same rule is reused for UCI multiplexing should be discussed. For example, when LP PUCCH with HARQ-ACK, HP HARQ-ACK with PUCCH format 1 and HP SR with PUCCH format 0 overlap, if UE handles the overlapping of the same priority first, as above mentioned, HP SR would be dropped. Actually, for LP HARQ-ACK and HP HARQ-ACK multiplexing, a PUCCH resource with the larger payload size may be used for this case. In this case, HP SR dropping may be unnecessary. HP SR can be carried together with HP and LP HARQ-ACK by multiplexing all UCI into one PUCCH.  For this case, all UCI multiplexing together seems more reasonable.     
[bookmark: _Hlk54357816][bookmark: _Hlk61276721][bookmark: _Hlk54103368]Observation 1: If HP/LP UCI multiplexing is after resolving collision within the same priority, some UCIs may be dropped. 
[bookmark: _Hlk71391315][bookmark: _Hlk61277240][bookmark: _Hlk54357808]Proposal 12: Define UCIs of different priorities multiplexing rule at least for the following cases
· [bookmark: _Hlk68077425]LP HARQ-ACK using PF 1 and HP HARQ-ACK and LP SR using PF 0.
· HP HARQ-ACK using PF 1 and LP HARQ-ACK and HP SR using PF 0.
2.3. Multiplexing on PUSCH 
For UCI multiplexing on PUSCH, beta-offset value can be used to adjust the code rate by calculating the number of the occupied REs. For UCI multiplexing with different priorities, three beta-offset sets should be provided that includes a beta-offset set for UCI with a single priority and two beta-offset sets for HP UCI and LP UCI on on LP PUSCH or HP PUSCH, so as to enable separate code rate for the UCI with different priorities. 
For HP and LP UCI on PUSCH, UE can be configured with 3 beta-offset sets including 
· beta-offset set 1 for UCI multiplexing with a single priority
· beta-offset set 2 for HP UCI multiplexing on LP PUSCH
· beta-offset set 3 for LP UCI multiplexing on HP PUSCH
For example, when UE is scheduled with a LP PUSCH to multiplexing HP and LP UCI, the beta-offset set 1 and beta-offset set 2 can be used. If HP and LP UCI is multiplexed on HP PUSCH, UE would use beta-offset set 1 and beta-offset 3 to calculate REs. For each of beta-offset set 2 and 3, at least beta-offset values for HP A/N and LP A/N should be provided, respectively.
For dynamic scheduling PUSCH, the scheduling DCI can indicate the corresponding beta-offset values. UE determines beta-offset set based on the priority of scheduled target PUSCH and the priority of multiplexed target UCI.  
[bookmark: _Hlk68077494][bookmark: _Hlk61276703][bookmark: _Hlk71391346][bookmark: _Hlk71549547][bookmark: _Hlk54103209]Proposal 13: For HP and LP UCI on PUSCH with UL-SCH, UE can be configured with 3 beta-offset sets including 
· beta-offset set 1 for UCI multiplexing with a single priority
· beta-offset set 2 for HP UCI multiplexing on LP PUSCH
· beta-offset set 3 for LP UCI multiplexing on HP PUSCH
[bookmark: _Hlk71391360]Proposal 14: UE determines beta-offset set based on the priority of scheduled target PUSCH and the priority of multiplexed target UCI.
The intention is maintaining the same number of encoding chains between in Rel-17 and in Rel-15/16 for HARQ-ACK multiplexing with the different priorities on PUSCH. Similar to UCI multiplexing with different priorities on PUCCH, the handling of LP HARQ-ACK RE calculation equation and mapping rules can be as the same as CSI, e.g. CSI part 1 or CSI part 2, while HP HARQ-ACK can use current mechanism for HARQ-ACK in Rel-15. This method can decrease the potential implementation complexity and specification impact. The following cases can be further discussed.
· HP and LP HARQ-ACK on a LP PUSCH with LP CSI 
For this case, a simple method is dropping LP CSI part 2. LP HARQ-ACK reuses the encoder of LP CSI part 2. A drawback is potential performance loss because LP HARQ-ACK can be punctured when HP HARQ-ACK with 1 or 2 bits. This would influence the performance of LP HARQ-ACK. 
Another way is to handle LP HARQ-ACK as the same manner as CSI part 1, which can decrease such negative effect for LP HARQ-ACK. To guarantee the same number of encoders, the joint coding of LP HARQ-ACK and LP CSI part 1 can be adopted. 
Furthermore, LP CSI can be totally dropped, when HP and LP HARQ-ACK are multiplexed on a LP PUSCH with LP CSI.
[bookmark: _Hlk71549572]Proposal 15: When HP and LP HARQ-ACK are multiplexed on a LP PUSCH with LP CSI, the following alternatives can be investigated: 
· Alt 1: drop LP CSI part 2, LP HARQ-ACK is handled as the same manner as CSI part 2.
· Alt 2: LP HARQ-ACK and LP CSI part 1 are encoded jointly and the same manner with CSI part 1 is reused for LP HARQ-ACK and LP CSI part 1.
· Alt 3: drop LP CSI, LP HARQ-ACK is handled as the same manner as CSI part 1.
· HP and LP HARQ-ACK on HP PUSCH with HP CSI 
Considering CSI with high priority, a simple solution is dropping LP HARQ-ACK. This method can decrease the performance of LP service and resource utilization efficiency, especially when HARQ-ACK with a larger payload size.   
Alternatively, LP HARQ-ACK is jointly encoded with CSI part 1 or CSI part 2. This method can guarantee the LP HARQ-ACK transmission and maintain the same number of encoders on PUSCH, which requires some spec impact. 
[bookmark: _Hlk71549582][bookmark: _Hlk71640578]Proposal 16: When HP and LP HARQ-ACK are multiplexed on a HP PUSCH with HP CSI, the following alternatives can be investigated 
· Alt 1: LP HARQ-ACK is dropped.
· Alt 2: LP HARQ-ACK is jointly encoded with CSI part 1 or CSI part 2.
2.4. Inter-action between Intra-UE multiplexing and prioritization
It has been supported that gNB can enable/disable the multiplexing of HP and LP HARQ-ACK. Semi-static indication and dynamic indication are candidates. 
Semi-static indication may be suitable for periodic or predictable transmissions. But even for periodic or predictable transmissions, in some cases, multiplexing is better; in some other cases, prioritization is better, e.g. depending on the payload of LP HARQ-ACK and HP HARQ-ACK and reliability/latency requirements. To ensure URLLC performance, semi-static indication will put certain restrictions for gNB’s scheduling of eMBB service. Sometime, this scheduling restriction are hardly performed in reality due to the flexible slot format and slot/sub-slot configurations, especially for a PUCCH overlapping with more than one PUCCH. Thus, some additional conditions are required, e.g., new multiplexing timeline, latency requirement considering ending symbols, the total multiplexed UCI payload check and potential dropping rule, etc. These factors would lead to complicated design and bring a strong impact to spec.
Considering the mentioned above, dynamic indication is a suitable method which can not only provide much flexibility for gNB scheduling, e.g. multiplexing or prioritization, but also achieve the better performance. Considering so many different multiplexing cases and multiplexing behaviors, especially for various characteristics of URLLC services, e.g. some URLLC services requiring high reliability, some URLLC services requiring low latency and some URLLC services requiring both. To simplify the multiplexing condition definition for multiplexing of eMBB and URLLC UCI, it can be up to gNB to dynamically indicate multiplexing or prioritization based on processing latency of multiplexing or the number of eMBB UCI bits, etc.  
In case a PUCCH overlaps with more than one PUCCH, dynamic indication is beneficial to guarantee reliability of HP channel. Taken Fig.1 as an example, a single HP PUCCH overlaps with two LP PUCCHs. If UCI multiplexing with LP PUCCH 1 and HP PUCCH can be met from both latency and reliability perspective and UCI multiplexing with three PUCCHs cannot be allowed, dynamic indication is an attractive method.  If payload size on LP PUCCH 2 is larger or the latency of multiplexing with LP PUCCH 2 cannot be met for requirement of HP channel, the UCI on LP PUCCH 2 should be dropped.  gNB can indicate UCI on LP PUCCH 1 is multiplexed with HP UCI. 



Fig.1 dynamic indication enables LP UCI on PUCCH 1 is MUXed with HP UCI while LP UCI on PUCCH 2 is canceled, i.e., prioritization
For dynamic indication, a multiplexing or prioritization indication field can be included in DCI to indicate HP or LP PUCCH. Considering a DCI with priority indication field can schedule both HP and LP services, multiplexing or prioritization indication field can be configured in DCI for both HP service and LP service.
[bookmark: _GoBack]For the case shown in Fig.1, when HP channel overlaps with more than one LP channels, the indication field in LP DCI can be used to differentiate the multiplexing or prioritization operation for LP UCI, e.g, gNB want only multiplex a single LP UCI. On the contrary, when LP channel overlaps with more than one HP channels, the indication field in HP DCI can indicate which HP channel can participate in multiplexing or prioritization operation.
[bookmark: _Hlk54103361][bookmark: _Hlk61276714]Proposal 17: Dynamic indication of intra-UE multiplexing and prioritization manner can be supported in Rel-17. 
Proposal 18: For dynamic indication, multiplexing or prioritization indication field can be included in DCI for HP or LP or both HP and LP service.
3. PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities
In the previous meeting, PHY prioritization of overlapping HP DG and LP CG, HP CG and LP DG has been discussed. For behavior of Rel-16 UE, some agreement on UL skipping for PUSCH has been achieved. In case of PUSCH/UCI overlapping, the discussion is still open. 
For overlapping HP CG and LP DG, it should ensure the cancellation of the low-priority UL transmission at UE side. Therefore, UE is expected to transmit the HP CG and cancel the overlapping LP DG PUSCH.
For overlapping HP DG and LP CG, it has not been supported due to some concerns from the UE implementations. However, supporting PHY prioritization between CG PUSCH and DG PUSCH with different PHY priorities is very important and useful for the UE supporting both eMBB and URLLC traffic. Therefore, it should be specified in Rel-17. The cancellation timeline defined in Rel-16 can be reused. 
Thus, the following proposals are suggested:
[bookmark: _Hlk61276747][bookmark: _Hlk54103374]Proposal 19: For collision handling between high priority CG and low priority DG, the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at the first overlapping symbol of the PUSCH corresponding to the configured grant at the latest.
Proposal 20: For collision handling between high priority DG and low priority CG, the 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 with the DCI format scheduling the high priority channel, where d1 is determined by a reported UE capability.
4. Support simultaneous PUCCH/PUSCH transmissions on different cells 
In the previous meeting, it was agreed to support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA. Furthermore, 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.  There is no necessity to restrict it for different priorities for inter-band CA, simultaneous PUCCH/PUSCH with the single priority should also be supported.
Simultaneous transmission of PUCCH and PUSCH can avoid the dropping of LP UL channel and simplify the multiplexing scheme and rule in case of PUCCH and PUSCH with different priorities. However, for simultaneous PUCCH/PUSCH transmissions, the multiplexing order also needs discussion. 
In current spec, LP channel multiplexing is handled firstly. Then, the prioritization is performed between LP and HP channels. If the same multiplexing order is applied in Rel-17, LP UCI may be influenced. Taken Figure 2 as an example, for case 1, firstly LP UCI would be multiplexed in LP PUSCH, then HP PUSCH and LP PUSCH with LP UCI would be simultaneously transmitted.   
For case 2, following the current multiplexing/prioritization order, LP UCI is multiplexed in LP PUSCH. Then, LP PUSCH with UCI would be canceled by HP PUSCH.  


Fig. 2 
[bookmark: _Hlk68077540][bookmark: _Hlk68617390][bookmark: _Hlk71391406]Observation 2: If follow the current multiplexing/prioritization order, the LP UCI still may be dropped in simultaneous PUCCH/PUSCH transmissions case.
[bookmark: _Hlk71549625]Proposal 21: To avoid the dropping of LP UCI, the overlapping handling order may need be reconsidered.   
For intra-UE multiplexing, both simultaneous transmission of PUCCH/PUSCH of different priorities and multiplexing of UL transmissions with different priorities can be used to reduce the dropping of LP UCI. But there are some differences between these two mechanisms:
· The protected LP UCI types are different
· For simultaneous PUCCH/PUSCH of different priorities, it can protect all types of LP UCI.
· For multiplexing of different priorities, it can only protect LP HARQ-ACK/SR, LP CSI is not included.
· Applicability 
· For simultaneous PUCCH/PUSCH of different priorities, it can apply to limited cases to get the benefits, i.e. inter-band CA case and without power limited case.
· For multiplexing of different priorities, it is a more general solution 
· Different requirements on UE capabilities
· simultaneous PUCCH/PUSCH of different priorities will have higher requirement on UE’s RF.
Given above, it should be clarified whether and how the two mechanisms can be configured to work together.
[bookmark: _Hlk61276759][bookmark: _Hlk68077574][bookmark: _Hlk54103380]Proposal 22: It should be clarified whether and how the two mechanisms i.e., simultaneous PUCCH/PUSCH of different priorities and multiplexing of different priorities can be configured to work together.
5. Conclusion
In this contribution, we discuss the enhancements to UCI, and the following proposals are made.
Observation 1: If HP/LP UCI multiplexing is after resolving collision within the same priority, some UCIs may be dropped.
Observation 2: If follow the current multiplexing/prioritization order, the LP UCI still may be dropped in simultaneous PUCCH/PUSCH transmissions case.

Proposal 1: Support multiplexing a high-priority HARQ-ACK and a low-priority SR into a PUCCH in Rel-17.
Proposal 2:  The priorities of investigation scenarios bases on Table 1.
Table 1 UCI multiplexing scenarios
	
	HP SR
	HP HARQ-ACK
	HP HARQ-ACK+SR
	HP PUSCH (UL-SCH only) 
	HP PUSCH + HP HARQ-ACK and/or CSI

	LP HARQ-ACK
	agreed
	agreed
	agreed
	agreed
	agreed

	LP PUSCH (UL-SCH only) 
	Medium
	agreed
	agreed
	*
	*

	LP PUSCH + LP HARQ-ACK and/or CSI
	Medium
	agreed
	agreed
	*
	*

	LP SR
	Medium
	High
	Medium
	Medium
	Medium

	CSI
	low
	low
	low
	low
	low



Proposal 3: For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), separate coding is suggested.
Proposal 4: Confirm the working assumption that drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH which has HP A/N.
Proposal 5: The following principle should be baseline for UCI multiplexing with different priorities
· HP A/N reuse the encoder, rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-part 1.
· LP A/N reuse the encoder, rate matching equation, and mapping rules in Rel-15 for CSI-part 2.
Proposal 6: For both HP and LP A/N on PUCCH, two maximum code rates are configured for each PUCCH format corresponding to HP and LP HARQ-ACK, respectively. 
Proposal 7: A scaling factor to determine a target reference UCI payload size should be considered for PUCCH resource set selection due to the different code rates for HP and LP UCI. The scaling factor can be a function of code rate for HP and LP UCI.
Proposal 8: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, option 2c is adapted. 
· If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
Proposal 9: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, option 4 is adapted.
· For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
Proposal 10: When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, option 2c is adapted.
· If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
Proposal 11:  For multiplexing a HP HARQ-ACK and a LP HARQ-ACK, when the total number of LP and HP HARQ-ACK bits is 2 bits.
· On PUCCH format 0: HP HARQ-ACK bit and LP HARQ-ACK bit are mapped into a cyclic shift as in R15/R16.
· On PUCCH format 1: HP HARQ-ACK bit and LP HARQ-ACK bit are modulated into a QPSK symbol as in R15/R16.
Proposal 12: Define UCIs of different priorities multiplexing rule at least for the following cases
· LP HARQ-ACK using PF 1 and HP HARQ-ACK and LP SR using PF 0.
· HP HARQ-ACK using PF 1 and LP HARQ-ACK and HP SR using PF 0.
Proposal 13: For HP and LP UCI on PUSCH with UL-SCH, UE can be configured with 3 beta-offset sets including 
· beta-offset set 1 for UCI multiplexing with a single priority
· beta-offset set 2 for HP UCI multiplexing on LP PUSCH
· beta-offset set 3 for LP UCI multiplexing on HP PUSCH
Proposal 14: UE determines beta-offset set based on the priority of scheduled target PUSCH and the priority of multiplexed target UCI.
Proposal 15: When HP and LP HARQ-ACK are multiplexed on a LP PUSCH with LP CSI, the following alternatives can be investigated
· Alt 1: drop LP CSI part 2, LP HARQ-ACK is handled as the same manner as CSI part 2.
· Alt 2: LP HARQ-ACK and LP CSI part 1 are encoded jointly and the same manner with CSI part 1 is reused for LP HARQ-ACK and LP CSI part 1.
· Alt 3: drop LP CSI, LP HARQ-ACK is handled as the same manner as CSI part 1.
Proposal 16: When HP and LP HARQ-ACK are multiplexed on a HP PUSCH with HP CSI, the following alternatives can be investigated
· Alt 1: LP HARQ-ACK is dropped.
· Alt 2: LP HARQ-ACK is jointly encoded with CSI part 1 or CSI part 2.
Proposal 17: Dynamic indication of intra-UE multiplexing and prioritization manner can be supported in Rel-17. 
Proposal 18: For dynamic indication, multiplexing or prioritization indication field can be included in DCI for HP or LP or both HP and LP service.
Proposal 19: For collision handling between high priority CG and low priority DG, the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at the first overlapping symbol of the PUSCH corresponding to the configured grant at the latest.
Proposal 20: For collision handling between high priority DG and low priority CG, the 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 with the DCI format scheduling the high priority channel, where d1 is determined by a reported UE capability.
Proposal 21: To avoid the dropping of LP UCI, the overlapping handling order may need be reconsidered.
Proposal 22: It should be clarified whether and how the two mechanisms i.e., simultaneous PUCCH/PUSCH of different priorities and multiplexing of different priorities can be configured to work together.
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