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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In RAN1#107 e-meeting, intra-UE multiplexing/prioritization are discussed and some agreements are achieved as following:

[bookmark: _Hlk82682601]Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· At least for PUCCH format 3/4, use the HP UCI bit number and HP RE number for ∆TF,b,f,c(i) formula selection and calculation
· For PUCCH format 1, use the total UCI bit number for ∆TF,b,f,c(i) calculation.
· FFS for PUCCH format 2.

Agreement
For handling overlapping PUCCHs/PUSCHs with different priorities, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities.


Agreement
If multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled by RRC, support both of the following UE capabilities to resolve collision of PUCCHs and/or PUSCHs with different priorities in step 2:
· Capability #1: It is not expected that Rel-15 multiplexing timeline is not met for all overlapping channels [FFS the overlapping channels are resultant channels after step 1]. UE performs multiplexing or dropping of PUCCHs and/or PUSCHs with different priorities according to Rel-17 rules.
· Dynamic enabling/disabling multiplexing for different priorities is not supported for Capability #1

In RAN#94-e meeting, following proposal was endorsed.
· RAN to guide RAN1 to focus on the discussions on Capabilility#1 only in Q1 2022 for Rel-17 intra-UE multiplexing framework.
In this contribution, we share our view on intra-UE multiplexing and prioritization for URLLC.
2. [bookmark: OLE_LINK12]Intra-UE multiplexing for UCI enhancements
2.1. Multiplexing on PUCCH
2.1.1. Multiplexing condition for PUCCH 
[bookmark: _Hlk54357748][bookmark: _Hlk68077292]When the total number of LP and HP HARQ-ACK bits is more than 2 and for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), separate coding is agreed. For encoding the UCI with 1-2 bits, two methods are supported in current spec, e.g. the repetition coding defined in Clause 5.3.3.1/5.3.3.2 or RM encoding with padding to 3 bits. For encoding HP HARQ-ACK or LP HARQ-ACK, both options are workable. If HARQ-ACK of 1-2 bit is padded to 3bit to use RM coding, 2/3 or 1/3 overhead would be introduced and the number of encoded bits is not smaller than 32. Compared to RM coding, repetition coding is more flexible to control effective coding rate. We slightly prefer reusing the repetition encoding for this case, i.e., option 1.  
[bookmark: _Hlk78903879][bookmark: _Hlk83646914][bookmark: _Hlk92816358]Proposal 1: When the total number of LP and HP HARQ-ACK bits is more than 2 and for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), option 1 is preferred.
· 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.
[bookmark: _Hlk54103347]In Rel-15, only one coding chains is used for PUCCH format 2 and joint coding is applied for UCI on the PUCCH. In Rel-17, separate coding is supported for HP HARQ-ACK and LP HARQ-ACK. The encoded HP HARQ-ACK and LP HARQ-ACK can be concatenated and then mapped to PUCCH REs in increasing order of frequency domain followed by time domain. 
[bookmark: _Hlk83733912][bookmark: _Hlk92816348]Proposal 2: For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH format 2, the encoded HP HARQ-ACK and LP HARQ-ACK are concatenated and mapped to PUCCH REs in increasing order of frequency domain followed by time domain.

2.1.2. Multiplexing scheme on PUCCH 
LP HARQ-ACK with 1-2 bits and HP SR 
Table 1 shows the summary of the conflict handing between HARQ-ACK and SR in Rel-15. 
Table 1 Summary of conflict handling of HARQ-ACK and SR in 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 previous meeting, solutions for multiplexing of LP HARQ-ACK and HP SR with different PUCCH formats are discussed. In our view, Rel-15/16 mechanism should be reused as much as possible to decrease the potential spec impact. 
· 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 probability, i.e., LP HARQ-ACK is deemed as HP HARQ-ACK. 
[bookmark: _Hlk71391269][bookmark: _Hlk68617102][bookmark: _Hlk68617076][bookmark: _Hlk68077312][bookmark: _Hlk92816334]Proposal 3: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, option 2c is adopted, i.e., 
· 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
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 HARQ-ACK only. 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 required for a UE. Even if no overlapping of HP SR and LP HARQ-ACK occur, the resources are also reserved for the UE, which will decrease resource utilization efficiency. Thus, for this case, the existing method as Rel-16 is preferred.
[bookmark: _Hlk71391274][bookmark: _Hlk68617141][bookmark: _Hlk68077320][bookmark: _Hlk92816319]Proposal 4: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, option 4 is adopted, i.e., 
· 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 probability.
[bookmark: _Hlk71391286][bookmark: _Hlk68617163][bookmark: _Hlk68077354][bookmark: _Hlk92816299]Proposal 5: When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, option 2c is adopted, i.e.,
· 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.
More than one overlapping PUCCH with SR and HARQ-ACK is more complicated, for example, a LP HARQ-ACK with 1bit overlapping with both HP SR and HP HARQ-ACK with 1bit, as shown in Figure 1. This case can be further studied after the determination of two overlapping PUCCH channels and multiplexing rule.   


Fig. 1 LP HARQ-ACK with 1bit overlapping with both HP SR and HP HARQ with 1bit

HARQ-ACK with PUCCH format 2/3/4 and SR
· Overlapping between SR and HARQ-ACK with PUCCH format 2/3/4
According to the existing spec, 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. Since HP SR resource can’t accommodate UCI with multiple bits, a straightforward way is to multiplex HP SR into LP PUCCH format 2/3/4.
[bookmark: _Hlk92293353][bookmark: _Hlk83647715][bookmark: _Hlk92816285]Proposal 6: For the overlapping of different priorities between SR and HARQ-ACK with PUCCH format 2/3/4, Rel-15 mechanism can be reused. 

[bookmark: _Hlk54103368][bookmark: _Hlk54357808][bookmark: _Hlk68077425]
2.1.3. Ambiguity on LP HARQ-ACK existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection
For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH in R17, an issue is the ambiguity of the payload size due to LP DCI mis-detection which impacts on performance of HP HARQ-ACK. If the LP DCI is missed, UE assume only HP HARQ-ACK to be transmitted and perform rate matching based on this assumption. But gNB would decode the HP HARQ-ACK based on the wrong assumption that the HP HARQ-ACK only occupies partial REs of PUCCH. Some options are provided for solving the problem. 
	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.
· FFS whether the issue needs to be considered for Type-1 HARQ-ACK codebook.


For option 4 and 5, the additional fields are needed in DCI which increases the overhead of HP DCI and reduces the reliability of HP DCI. For option 3a and 3b, the padding bits would be introduced due to the payload size alignment around up to a nearest reference size or a semi-static configured size, which would bring negative impact on the reliability of HP UCI. 
For option 1, a dedicated PUCCH resource can be configured for the multiplexing both HP and LP HARQ-ACKs bits. If only HP HARQ-ACKs bits are transmitted, the original PUCCH resource is used while for HP and LP HARQ-ACKs multiplexing, the dedicated PUCCH resource is used. With at most two hypotheses, gNB can detect whether the LP DCI has been missed or not, which does not lead to the reduction of reliability of HP DCI or PUCCH. A different PUCCH resources in the second PUCCH-Config can be configured for HP and LP HARQ-ACKs besides the HP PUCCH resources only. Thus, option 1 is preferred.
[bookmark: _Hlk78904043][bookmark: _Hlk86761562]Proposal 7: For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH in R17, option 1 are preferred 
· [bookmark: _Hlk83916609]Option 1: Configure a dedicated PUCCH resource for HP and LP HARQ-ACK in the second PUCCH-Config.
2.2. Multiplexing on PUSCH 
For UCI multiplexing on PUSCH, two new set of beta offset values are agreed to adjust the code rate by calculating the number of the occupied REs. In current spec, for UCI with a single priority, the same beta-offset value is applied. The same rule can be reused for Rel-17. Rel-17 only makes enhancements on UCI multiplexing of different priorities and the enhancement on UCI multiplexing with the same priority is out of scope. Therefore, totally 3 beta-offset sets are proper, i.e., 
· 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: _Hlk68077494][bookmark: _Hlk61276703][bookmark: _Hlk71391346][bookmark: _Hlk86761575][bookmark: _Hlk71549547][bookmark: _Hlk54103209]Proposal 8: In Rel-17, the same set of beta-offset value is used for UCI multiplexing with the same priority on PUSCH.
For UCI multiplexed on PUSCH, the number of encoding chains is three according to the existing spec. It is agreed to maintain the same maximum number of encoding chains with Rel-15/16. 
· HP and LP HARQ-ACK on HP PUSCH with HP CSI 
For this case, the dropping of LP HARQ-ACK should be avoided as much as possible. The encoding jointly with HP CSI part 1 or HP CSI part 2 can be considered for LP HARQ-ACK, which can guarantee the LP HARQ-ACK transmission and maintain the same number of encoders on PUSCH. 
[bookmark: _Hlk71549582][bookmark: _Hlk71640578][bookmark: _Hlk83657970]Proposal 9: When HP and LP HARQ-ACK are multiplexed on a HP PUSCH with HP CSI, LP HARQ-ACK is jointly encoded with CSI part 1 or CSI part 2.

3. Details on Capability #1
· Resultant PUCCH with HP and LP UCI in step 2
For resultant PUCCH handling, the following alternatives are proposed. 
	For a resultant PUCCH with HP and LP UCI in step 2, down-select from:
· Alt. 1: the resultant PUCCH with HP and LP UCI in step 2 is not expected to be overlapped with a HP PUSCH.
· Alt. 2: the resultant PUCCH with HP and LP UCI in step 2 is not expected to be overlapped with a HP PUCCH.
· Alt. 3: the resultant PUCCH with HP and LP UCI in step 2 is not expected to be overlapped with a HP PUCCH or a HP PUSCH.
· Alt. 4: the resultant PUCCH with HP and LP UCI in step 2 overlapping with a HP PUCCH or a HP PUSCH is allowed.


The recursive pseudo-code being not allowed, the resultant PUCCH with HP and LP UCI at least shouldn’t overlap with another HP PUCCH. It has been agreed that HP and LP UCI can be piggybacked on a PUSCH. For a resultant PUCCH, the UCI with two priorities are involved as shown in Figure 2. It shouldn’t be forbidden for the multiplexing between a PUCCH with both HP and LP UCI and a HP PUSCH. Otherwise, HP PUSCH scheduling would be restricted. Allowing the resultant PUCCH overlaps with HP PUSCH is slightly preferred.  


Fig. 2 resultant PUCCH overlaps with a HP PUSCH
[bookmark: _Hlk92293422]Proposal 10: A resultant PUCCH with HP and LP UCI in step 2 is not expected to be overlapped with a HP PUCCH.

· Time unit
For time unit, the following alternatives are proposed in the last RAN1 meeting:
	For multiplexing of overlapping HP PUCCHs and LP PUCCHs, 
· Alt. 1: the time unit for multiplexing is a slot.
· [bookmark: _Hlk92287916][bookmark: _Hlk92287887]Alt. 2: the time unit configured for HP PUCCH is used as the time unit for multiplexing. If a LP PUCCH overlaps with multiple HP PUCCHs in different time units,
· Option 1: the LP PUCCH joins the multiplexing procedure in the first time unit with overlapping HP PUCCH(s).
· Option 2: the LP PUCCH joins the multiplexing procedure in each of the overlapping time units from the first time unit with overlapping HP PUCCH(s) until the LP PUCCH is determined to be dropped or multiplexed with other channels.
· Option 3: the LP PUCCH joins the multiplexing procedure in the first time unit with overlapping HP HARQ-ACK. If the LP PUCCH does not overlap with any HP HARQ-ACK, the first time unit with overlapping HP PUCCH(s) is selected.


For alternative 1, the latency would increase because UE needs wait for receiving all HP PUCCHs within the whole slot. On the contrary, for alternative 2, UE only needs check the overlapping channels within sub-slot granularity, if the overlapping HP channels exist in the sub-slot. The latency can be improved.   
For option 2 of alternative 2, multiple overlapping cases checks would be performed, which makes UE implementation more complicated. 
For option 3 of alternative 2, a precedent HP channel, e.g. HP SR, may not be multiplexed with LP channel because UE needs wait the late HP HARQ-ACK, if exists. If there is no HP HARQ-ACK, UE would re-perform the multiplexing procedure. The processing time may be not enough and the latency is enlarged. Thus, option 1 of alternative 2 is preferred. 
[bookmark: _Hlk92293452]Proposal 11: The time unit configured for HP PUCCH is used as the time unit for multiplexing. If a LP PUCCH overlaps with multiple HP PUCCHs in different time units, option 1 is suggested 
· Option 1: the LP PUCCH joins the multiplexing procedure in the first time unit with overlapping HP PUCCH(s).

· The set of PUSCH and PUCCH that eligible for Rel-15 multiplexing
In current spec, multiplexing procedure is applied for all PUCCHs in the slot including the PUCCHs that does not overlap with other PUCCHs. If the same multiplexing procedure is reused for PUCCH multiplexing with different priorities within a time unit, the LP UCI(s) that are overlapped with HP UCI(s) and are not eligible for multiplexing on a HP PUCCH should be dropped before multiplexing. For example, when HP SR overlaps with LP CSI, LP CSI should be dropped because LP CSI can’t be multiplexed on a HP PUCCH. 
After dropping not eligible PUCCH, the multiplexing procedure as defined in Rel-16 TS38.213 clause 9.2.5 can be reused and a single resource for multiplexing UCI associated with resources [image: ] according to Rel-17 rules can be determined.
[bookmark: _Hlk92293480]Proposal 12: For multiplexing of overlapping HP PUCCHs and LP PUCCHs within a time unit, reuse PUCCH multiplexing procedure as defined in Rel-16 TS38.213 clause 9.2.5 and determine a single resource for multiplexing UCI associated with resources [image: ] according to Rel-17 rules.
· For determining a single resource for multiplexing UCI associated with resources [image: ], LP UCI(s) that are not eligible for multiplexing on a HP PUCCH are dropped before multiplexing.

4. [bookmark: _Hlk54103374]Support simultaneous PUCCH/PUSCH transmissions on different cells 
Besides intra-UE multiplexing with different priorities, simultaneous transmission of PUCCH and PUSCH is another candidate method to avoid the dropping of LP UL channel, which can simplify the multiplexing scheme and rule in case of PUCCH and PUSCH with different priorities. However, for simultaneous PUCCH/PUSCH transmissions, the multiplexing order may need be revisited. 
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. Taking Figure 3 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. However, for case 2, according to the current multiplexing/prioritization order, LP UCI is multiplexed in LP PUSCH. Then, LP PUSCH with UCI would be canceled by HP PUSCH.  


Fig. 3 different cases for simultaneous PUCCH/PUSCH transmissions
[bookmark: _Hlk68077540][bookmark: _Hlk68617390][bookmark: _Hlk71391406]Observation 1: If follow the current multiplexing/prioritization order, the LP UCI still may be dropped in simultaneous PUCCH/PUSCH transmissions case.
[bookmark: _Hlk86761675][bookmark: _Hlk71549625][bookmark: _Hlk83658045]Proposal 13: To avoid the dropping of LP UCI, the multiplexing order may need be reconsidered.   
When simultaneous PUCCH/PUSCH over different cells is only configured, the cancellation of LP channel due to the overlapping with a HP channel should be avoided as much as possible. Otherwise, the benefit to introduce the feature would be restricted. The multiplexing order can be revisited based on the rule on UCI multiplexing with different priorities. The avoidance of overlapping cases between HP and LP channel on the same cell or cells within the same band can be considered to reduce the unnecessary cancelation of LP channel(s). For example, if UCI of HP or LP PUCCH can be multiplexed on a PUSCH with the same priority that does not overlap with the LP or HP PUCCH, the multiplexing should be performed firstly to solve the PUCCH and PUCCH collision. The proposed procedure can be:   
· Step 1: Perform PUCCH multiplexing per priority per PUCCH group.
· Step 2: If an overlap happens between HP PUSCH and LP PUSCH on the same cell, the LP PUSCH is canceled.
· Step 3: If LP PUCCH is overlapped with HP PUCCH, perform PUCCH/PUSCH multiplexing for LP or HP channel per PUCCH group.
· If there is HP PUSCH or LP PUSCH, the UCI of HP or LP PUCCH would be multiplexed on the PUSCH with the same priority. 
· If there are both HP PUSCH and LP PUSCH, the UCI on LP PUCCH would be multiplexed on the LP PUSCH. 
· Otherwise, LP PUCCH is cancelled.
· Step 4: The PUCCH/PUSCH on different cells are transmitted simultaneously.
Proposal 14: When simultaneous PUCCH/PUSCH over different cells is only configured, the following multiplexing procedure can be considered. 
· Step 1: Perform PUCCH multiplexing per priority per PUCCH group.
· Step 2: If an overlap happens between HP PUSCH and LP PUSCH on the same cell, the LP PUSCH is canceled.
· Step 3: If LP PUCCH is overlapped with HP PUCCH, perform PUCCH/PUSCH multiplexing for LP or HP channel per PUCCH group.
· If there is HP PUSCH or LP PUSCH, the UCI of HP or LP PUCCH would be multiplexed on the PUSCH with the same priority. 
· If there are both HP PUSCH and LP PUSCH, the UCI on LP PUCCH would be multiplexed on the LP PUSCH. 
· Otherwise, LP PUCCH is cancelled. 
· Step 4: The PUCCH/PUSCH on different cells are transmitted simultaneously.
One issue is still not clear that whether UCI multiplexing with different priorities and simultaneous PUCCH/ PUSCH transmission can be enabled simultaneously for a UE. It was discussed in RAN1 in previous meeting, but no any consensus was achieved. If only UCI multiplexing with different priorities is enabled, there are some remaining issues for UE’s procedure to handle the overlapping channels as discussed above, which is generally similar as that of multiplexing of channels with the same priority in NR Rel-15/Rel-16. If only simultaneous PUCCH/ PUSCH transmission is be enabled, UE’s procedure to handle the overlapping channels is still pending. Then if both UCI multiplexing with different priorities and simultaneous PUCCH/ PUSCH transmission are enabled simultaneously, the interaction of UCI multiplexing with different priorities and simultaneous PUCCH/ PUSCH transmission would be much more complex to define the UE procedure on handling the overlapping case. 
Considering the large efforts and complexity to enable the joint operation of multiplexing of UCI of different priorities and simultaneous PUCCH/PUSCH transmission, these two features have similar function on protecting LP UCI and the left issues for determination, it is proposed not to support the joint operation of simultaneous PUCCH/PUSCH transmission within a PUCCH cell group on different CC and multiplexing of UCI of different priorities on PUCCH and PUSCH.
[bookmark: _Hlk92293519]Proposal 15: For a PUCCH cell group, simultaneous configuration of “UCI multiplexing with different priorities” and “Simultaneous PUCCH and PUSCH transmission within a PUCCH cell group on different CCs” is NOT supported in Rel-17.


5. Conclusion
In this contribution, we discuss the enhancements to intra UE multiplexing, and the following observation and proposals are made.
Observation 1: If follow the current multiplexing/prioritization order, the LP UCI still may be dropped in simultaneous PUCCH/PUSCH transmissions case.

Proposal 1: When the total number of LP and HP HARQ-ACK bits is more than 2 and for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), option 1 is preferred.
· 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.
Proposal 2: For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH format 2, the encoded HP HARQ-ACK and LP HARQ-ACK are concatenated and mapped to PUCCH REs in increasing order of frequency domain followed by time domain.
Proposal 3: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, option 2c is adopted, i.e., 
· 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 4: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, option 4 is adopted, i.e., 
· 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 5: When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, option 2c is adopted, i.e.,
· 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 6: For the overlapping of different priorities between SR and HARQ-ACK with PUCCH format 2/3/4, Rel-15 mechanism can be reused.
Proposal 7: For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH in R17, option 1 are preferred 
· Option 1: Configure a dedicated PUCCH resource for HP and LP HARQ-ACK in the second PUCCH-Config

Proposal 8: In Rel-17, the same set of beta-offset value is used for UCI multiplexing with the same priority on PUSCH.
Proposal 9: When HP and LP HARQ-ACK are multiplexed on a HP PUSCH with HP CSI, LP HARQ-ACK is jointly encoded with CSI part 1 or CSI part 2.
Proposal 10: A resultant PUCCH with HP and LP UCI in step 2 is not expected to be overlapped with a HP PUCCH.
Proposal 11: The time unit configured for HP PUCCH is used as the time unit for multiplexing. If a LP PUCCH overlaps with multiple HP PUCCHs in different time units, option 1 is suggested
· Option 1: the LP PUCCH joins the multiplexing procedure in the first time unit with overlapping HP PUCCH(s).
Proposal 12: For multiplexing of overlapping HP PUCCHs and LP PUCCHs within a time unit, reuse PUCCH multiplexing procedure as defined in Rel-16 TS38.213 clause 9.2.5 and determine a single resource for multiplexing UCI associated with resources [image: ]according to Rel-17 rules.
· For determining a single resource for multiplexing UCI associated with resources [image: ], LP UCI(s) that are not eligible for multiplexing on a HP PUCCH are dropped before multiplexing.
Proposal 13: To avoid the dropping of LP UCI, the multiplexing order may need be reconsidered.
Proposal 14: When simultaneous PUCCH/PUSCH over different cells is only configured, the following multiplexing procedure can be considered. 
· Step 1: Perform PUCCH multiplexing per priority per PUCCH group.
· Step 2: If an overlap happens between HP PUSCH and LP PUSCH on the same cell, the LP PUSCH is canceled.
· Step 3: If LP PUCCH is overlapped with HP PUCCH, perform PUCCH/PUSCH multiplexing for LP or HP channel per PUCCH group.
· If there is HP PUSCH or LP PUSCH, the UCI of HP or LP PUCCH would be multiplexed on the PUSCH with the same priority. 
· If there are both HP PUSCH and LP PUSCH, the UCI on LP PUCCH would be multiplexed on the LP PUSCH. 
· Otherwise, LP PUCCH is cancelled. 
· Step 4: The PUCCH/PUSCH on different cells are transmitted simultaneously.
[bookmark: _GoBack]Proposal 15: For a PUCCH cell group, simultaneous configuration of “UCI multiplexing with different priorities” and “Simultaneous PUCCH and PUSCH transmission within a PUCCH cell group on different CCs” is NOT supported in Rel-17.
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