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

[bookmark: _Hlk82682601]Agreement
For resolving collision of PUCCHs of different priorities without repetitions within a time unit, Step 2.1 consists of the following sub-steps:
· Step 2.1-1: Determine a reference PUCCH resource
· Step 2.1-2: Select O PUCCH resource(s) overlapping with the reference PUCCH resource. 
· Step 2.1-3: Apply Rel-17 intra-UE multiplexing/dropping rules to resolve overlapping among the reference PUCCH resource and O PUCCH resource(s). 
· Step 2.1-4: Loop Step 2.1-1) ~ Step 2.1-3) until there are no overlapping PUCCHs in the time unit.
FFS details

Agreement
For resolving collision of PUCCHs of different priorities without repetition within a time unit, down-select from the following options:
· Option 1:
· The reference PUCCH resource is determined as in Rel-15, i.e. based on the starting symbol and duration
· In step 2.1-2, select up to one PUCCH resource overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
· Option 2: 
· The reference PUCCH resource is determined as in Rel-15, i.e. based on the starting symbol and duration
· In step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
· Option 3: 
· The reference PUCCH resource is determined by prioritizing HP PUCCH over LP PUCCH on top of Rel-15 rules
· In step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
· Option 4: 
· The reference PUCCH resource is determined by prioritizing LP PUCCH carrying HARQ-ACK on top of Rel-15 rules
· In step 2.1-2, If a LP PUCCH carrying HARQ-ACK overlaps with multiple HP PUCCHs and one of the HP PUCCH includes HARQ-ACK, only select the HP PUCCH including HARQ-ACK in step 2.1-2; otherwise, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
FFS: Details on time units for all options

Working Assumption
For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used. For a LP PUCCH overlapping with multiple time units, down-select from:
· Alt. 1: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s)
· Alt. 2: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH with HARQ-ACK if any. Otherwise, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
· Alt. 3: the LP PUCCH is associated with the last time unit with overlapping HP PUCCH(s)

[bookmark: OLE_LINK12]In this contribution, we share our view on the remaining issues about intra-UE multiplexing and prioritization for URLLC.
2. Remaining issues on multiplexing rule
· LP PUCCH overlapping with multiple time units
For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used based on the working assumption. The time unit of HP HARQ-ACK is beneficial for latency reduction. If time unit of LP PUCCH is used, UE does not start the multiplexing procedure per time unit until all the candidate HP PUCCHs overlapping with the LP PUCCH are included in the set Q, which is against the intention of HP PUCCH time unit, e.g. sub-slot. 
Proposal 1: The following Working Assumption can be confirmed
· For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used.
For a LP PUCCH overlapping with multiple time units, the following alternatives are proposed in the last RAN1 meeting:
	· Alt. 1: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s)
· Alt. 2: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH with HARQ-ACK if any. Otherwise, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
· Alt. 3: the LP PUCCH is associated with the last time unit with overlapping HP PUCCH(s)


For alternative 1, the existing Rel-15 multiplexing principle can be reused with time unit of HP PUCCH. UE only needs check the overlapping channels within time unit of HP PUCCH if the overlapping channels exist in the time unit. This method is simple and has the less spec impact.   
For alternative 2, UE needs to search more than one time unit for HP HARQ-ACK and find if there is a HP HARQ-ACK. If there is HP HARQ-ACK, UE would perform the multiplexing procedure. Otherwise if there is no HP HARQ-ACK, UE would not perform the multiplexing procedure. This option introduces the multiplexing procedure dependent on UCI type, i.e., whether HP HARQ-ACK existing or not, which is not a unified solution.
This alternative is different from the existing mechanism, in which UE needs wait the HP HARQ-ACK of the later time unit when performs multiplexing procedure in a former time unit. An additional step needs to be introduced to determine the potential target time unit, which complicates UCI multiplexing procedure. In addition, the benefit of avoiding dropping of LP UCI of this alternative is marginal, since it can only be obtained when the LP PUCCH is for LP HARQ-ACK and HP HARQ-ACK PUCCH exists.
For alternative 2 and alternative 3, the processing order of multiplexing procedure is from back to front, which conflicts with the current processing PUCCHs sequentially in time. 
Therefore, alternative 1 is preferred. 
[bookmark: _Hlk92293452]Proposal 2: For a LP PUCCH overlapping with multiple time units, Alt. 1 is suggested, i.e., 
· The LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).

· Collision handling of PUCCHs of different priorities



In Rel-15, for UCI multiplexing of overlapping PUCCHs, the reference PUCCH resource in step 1 is resource which is the PUCCH resource with index j-o (the initial value of o is zero) within set Q ordered according to the earliest starting symbol followed by longest duration. For Step 2, all the PUCCH resources overlapping with resource  are selected one by one with increasing order of index j until the next PUCCH resource does not overlap with resource. In Step 3, a single PUCCH resource for multiplexing UCI associated with the overlapping channels identified after step 2. The resultant PUCCH resource is added in set Q and the group of overlapping PUCCH resources are removed from set Q [2].
For resolving collision of PUCCHs of different priorities without repetition within a time unit, four options are proposed. These options are analyzed in the following:  
Option 1
Option 1 performs pair-wise collision resolution sequentially in time in step 2.1-2, which can avoid collision handling of more than 2 channels with different priorities. According to the current multiplexing rule, UE selects all PUCCH resource(s) overlapping with the reference PUCCH resource in set Q, which means UE can handle more than 2 channels with the existing multiplexing rule. There is not big issue to handle more than 2 channels multiplexing for UE. The procedure of option 1 is a bit different from the existing multiplexing principle. The change of multiplexing procedure is required. 
For option 1, LP HARQ-ACK dropping may occur in some cases. Taking Figure 1 as an example, according to option 1, the collision handling between HP SR and LP HARQ-ACK would be performed firstly. In this step, LP HARQ-ACK would be dropped. When LP HARQ-ACK with earlier starting symbol, LP HARQ-ACK can be multiplexed with HP HARQ-ACK. LP HARQ-ACK does not be dropped.  

    
Figure 1                                                           
Option 2
Compared to option 1, option 2 selects all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code in step 2.1-2.
Option 2 can reuse Rel-15 multiplexing procedure with minimum spec change. Similar to option 1, LP HARQ-ACK dropping may occur in some cases for option 2.
Option 3
For option 3, the reference PUCCH resource is determined by prioritizing HP PUCCH over LP PUCCH on top of Rel-15 rules. And the same procedure is applied as option 2 in step 2.1-2.
Option 3 can also result in LP HARQ-ACK dropping in some cases. Taking Figure 2 as an example, if resultant PUCCH after HP HARQ-ACK and LP HARQ-ACK multiplexing does no overlap with LP CSI, LP CSI dropping can be avoided. If follow option 3, LP CSI would be dropped. For option 1 and option 2, the LP CSI can be transmitted.

On the other hand, option 3 changes the PUCCH resource order to be multiplexed. According to the existing multiplexing procedure, in set Q, PUCCH order is based on the first symbol and duration of a resource, i.e., resources . If option 3 is applied, re-ordering of both HP PUCCH and LP PUCCH is required in pseudo-code, which is not clear how to order the HP and LP PUCCH and would lead to the large spec impact.  


Figure 2
Option 4
For option 4, LP PUCCH carrying HARQ-ACK is prioritized for determining the reference PUCCH resource. Option 4 can avoid LP HARQ-ACK dropping in some cases. For some cases, LP HARQ-ACK dropping can not be avoided, for example, when LP HARQ-ACK with PUCCH format 2/3/4 overlaps with HP SR only, the LP HARQ-ACK still would be dropped. On the other hand, the different processing order from Rel-15 is observed. 
For option 3 and option 4, the large spec impact is observed, which is not preferred in the maintenance phase. For option 1, it is also required to change the existing multiplexing principle.
For option 1- 4, the LP HARQ-ACK dropping may occur in some cases but not for all cases. To some extent, gNB scheduling can avoid the dropping of LP HARQ-ACK. According to the analysis above, option 2 is preferred.
Proposal 3: For resolving collision of PUCCHs of different priorities without repetition within a time unit, option 2 is suggested, i.e., 
· The reference PUCCH resource is determined as in Rel-15, i.e. based on the starting symbol and duration.
· In step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code.

PUSCH selection
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, Rel-15/16 rule is reused for PUSCH selection for HARQ ACK multiplexing. For PUSCH selection, some unavailable PUSCH(s) should be dropped before UCI multiplexing, for example, 
· A LP PUSCH overlapping with HP PUCCH with positive SR.
· A PUSCH in different band if simultaneous PUCCH and PUSCH transmission is configured
· A LP PUSCH overlapping with HP PUSCH in the same serving cell, 
· A LP PUSCH overlapping with HP PUCCH with repetitions
Proposal 4:  For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, unavailable PUSCH(s) are dropped before UCI multiplexing, including
· A LP PUSCH overlapping with HP PUCCH with positive SR.
· A PUSCH in different band if simultaneous PUCCH and PUSCH transmission is configured
· A LP PUSCH overlapping with HP PUSCH in the same serving cell, 
· A LP PUSCH overlapping with HP PUCCH with repetitions

3. Intra-UE multiplexing for UCI enhancements
3.1. [bookmark: _Hlk54103374]Multiplexing on PUCCH
· PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1 
According to the discussion in previous meetings, it is beneficial to apply a unified solution to resolve the overlapping case between HP SR with PF0/1 and LP HARQ-ACK with PF0/1, i.e., when a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1, 
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.
In particular, if the HP SR is PF0 and the HP SR is positive
· 1 bit LP HARQ-ACK should be transmitted on the HP SR PUCCH resource by using m0 +{mCS=0, mCS=6} representing {NACK, ACK} respectively;
· 2 bits LP HARQ-ACK should be transmitted on the HP SR PUCCH resource by using m0 +{mCS=0, mCS=3, mCS=6, mCS=9} representing {NACK/NACK, NACK/ACK, ACK/ACK, ACK/NACK} respectively.
For HP SR with PF1, 1 bit LP HARQ-ACK can be transmitted on the same SR resource with BPSK, while 2 bits LP HARQ-ACK can be transmitted on the same SR resource with QPSK.
Proposal 5: When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1,
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.
· [bookmark: _Hlk68077354]If the HP SR is PF0 and the HP SR is positive, 
· 1 bit LP HARQ-ACK should be transmitted on the HP SR PUCCH resource by using m0 +{mCS=0, mCS=6} representing {NACK, ACK} respectively;
· 2 bits LP HARQ-ACK should be transmitted on the HP SR PUCCH resource by using m0 +{mCS=0, mCS=3, mCS=6, mCS=9} representing {NACK/NACK, NACK/ACK, ACK/ACK, ACK/NACK} respectively.
· Where m0 is configured by initialCyclicShift in the configuration of the HP SR PF0 resource in Rel-16.
· If the HP SR is PF1, and if the HP SR is positive, the 1 bit LP HARQ-ACK can be transmitted on the same SR resource with BPSK, while 2 bits LP HARQ-ACK can be transmitted on the same SR resource with QPSK. 
[bookmark: _Hlk54103368][bookmark: _Hlk54357808][bookmark: _Hlk68077425]
3.2. Ambiguity on LP HARQ-ACK type-1 codebook 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 both HP and LP HARQ-ACK transmitted in a PUCCH. To solve the issue, the following proposal are discussed. 
	For the ambiguity on LP HARQ-ACK type-1 codebook existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection, a new T-DAI field can be RRC configured:
· For multiplexing HP HARQ-ACK and Type-2/Type-1 LP HARQ-ACK codebook in a PUCCH format 2/3/4,
· A T-DAI field in a DL DCI format associated with HP HARQ-ACK to indicate the T-DAI of LP HARQ-ACK.
· At most 2 bits are added to the DL DCI format associated with HP HARQ-ACK for the T-DAI of LP HARQ-ACK, compared to Rel-16.
· For multiplexing a LP Type-2/Type-1 HARQ-ACK codebook in a HP PUSCH,
· A T-DAI field in a UL DCI format scheduling the HP PUSCH to indicate the T-DAI of LP HARQ-ACK.
· At most 2 bits are added to the UL DCI format scheduling the HP PUSCH for the T-DAI of LP HARQ-ACK, compared to Rel-16.
· Note: If the new T-DAI field is not RRC configured, the ambiguity on LP HARQ-ACK type-1 codebook existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection is handled by gNB implementation.
· FFS whether/how to multiplex LP HARQ-ACK sub-codebook for CBG-based PDSCH on HP PUCCH or HP PUSCH with single new T-DAI field.


For this proposal, additional fields are included in HP DCI when it is configured, even if there is no overlapping among channels with different priorities. This field increases the overhead of HP DCI and reduces the reliability of HP DCI. On the other hand, this method does not resolve all issues, e.g., PUCCH with HARQ-ACK overlaps with a CG-PUSCH.
Actually, the impact due to DCI mis-detection is mainly from the last LP DCI, gNB can guarantee the reliability of the last LP DCI based on implementation, for example, using the higher aggregation level. Thus, the introduction of additional fields in HP DCI is not needed.
[bookmark: _Hlk78904043][bookmark: _Hlk86761562]Proposal 6: It is up to gNB implementation to resolve the ambiguity on LP HARQ-ACK type-1 codebook existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection.

4. Conclusion
In this contribution, we discuss the enhancements to intra UE multiplexing, and the following observation and proposals are made.

Proposal 1: The following Working Assumption can be confirmed
· For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used.
Proposal 2: For a LP PUCCH overlapping with multiple time units, Alt. 1 is suggested, i.e., 
· The LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
Proposal 3: For resolving collision of PUCCHs of different priorities without repetition within a time unit, option 2 is suggested, i.e., 
· The reference PUCCH resource is determined as in Rel-15, i.e. based on the starting symbol and duration.
· In step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code.
Proposal 4:  For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, unavailable PUSCH(s) are dropped before UCI multiplexing, including
· A LP PUSCH overlapping with HP PUCCH with positive SR.
· A PUSCH in different band if simultaneous PUCCH and PUSCH transmission is configured
· A LP PUSCH overlapping with HP PUSCH in the same serving cell, 
· A LP PUSCH overlapping with HP PUCCH with repetitions
Proposal 5: When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1,
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.
· If the HP SR is PF0 and the HP SR is positive, 
· 1 bit LP HARQ-ACK should be transmitted on the HP SR PUCCH resource by using m0 +{mCS=0, mCS=6} representing {NACK, ACK} respectively;
· 2 bits LP HARQ-ACK should be transmitted on the HP SR PUCCH resource by using m0 +{mCS=0, mCS=3, mCS=6, mCS=9} representing {NACK/NACK, NACK/ACK, ACK/ACK, ACK/NACK} respectively.
· Where m0 is configured by initialCyclicShift in the configuration of the HP SR PF0 resource in Rel-16.
· If the HP SR is PF1, and if the HP SR is positive, the 1 bit LP HARQ-ACK can be transmitted on the same SR resource with BPSK, while 2 bits LP HARQ-ACK can be transmitted on the same SR resource with QPSK.
Proposal 6: It is up to gNB implementation to resolve the ambiguity on LP HARQ-ACK type-1 codebook existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection.
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