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[bookmark: _GoBack]Introduction
In RAN1 #107b-e, intra-UE multiplexing/prioritization for Rel-17 URLLC was agreed with following agreements:
Agreement
[bookmark: _Hlk95310723]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
· FFS: Whether/how dropping is performed before UCI multiplexing
· Note: The priorities of PUCCH and PUSCH candidates for multiplexing in step 2.2 are different
Agreement
[bookmark: _Hlk93618156][bookmark: _Hlk95298868]When a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 2/3/4 overlaps with a PUCCH carrying LP HARQ-ACK, information bits for K HP SRs are appended to HP HARQ-ACK bits, and treat them as HP UCI, where K (K≥1) PUCCHs semi-statically configured for K HP SRs overlap with the original PUCCH carrying the HP HARQ-ACK.
· 
The number of HP UCI bits is , same as Rel-15;
· FFS: PF0, PF1
· Reuse other procedures for multiplexing of LP HARQ-ACK and HP HARQ-ACK on PUCCH resource with PF 2/3/4, i.e. separate coding, PRB determination, rate matching and power control.
· If the HP HARQ-ACK is a dynamic HARQ-ACK, a PUCCH resource indicated by PRI is used for multiplexing.
· If the HP HARQ-ACK is a SPS HARQ-ACK, a PUCCH resource determined from the PUCCH resource(s) provided by sps-PUCCH-AN-List is used for multiplexing.
Agreement
Define a new table for beta-offset values <1.
· FFS for the values with the starting point as below. 
	


	[0.8]

	[0.64]

	[0.5]

	[0.4]

	[0.32]

	[0.25]

	[0.2]

	[0.1]


In this contribution, we show our views on the remaining issues of Rel-17 intra-UE multiplexing/prioritization.
Discussion
The priority of the resultant PUCCH/PUSCH
In Rel-16, if PHY priority is configured for a UE, a PUSCH or a PUCCH is either of priority index 0 or of priority index 1. The priority of uplink channel is not only used for Rel-16 intra-UE prioritization, but also used for:
· Inter-UE uplink cancellation;
· Prioritizations for transmission power reductions; and 
· Prioritization between SL HARQ-ACK information in a PUCCH and DL HARQ-ACK or SR or CSI in a PUCCH.
In order to keep minimize impact on other procedures, we support that the priority of the resultant PUCCH/PUSCH for Rel-17 intra-UE multiplexing should be specified. 
Proposal 1: The priority of the resultant PUCCH/PUSCH for Rel-17 intra-UE multiplexing should be specified.
Determining the overlapping PUCCHs in a time unit
[bookmark: _Hlk95309192]In RAN1 #107bis, the following four options were proposed for determining the overlapping PUCCHs in a time unit:
· 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 
We prefer Option 2, because it is more aligned with Rel-15 multiplexing.
Proposal 2: Support Option 2 for resolving collision of PUCCHs of different priorities without repetition within a time unit, 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.
A LP PUCCH overlapping with multiple time units
In RAN1 #107bis, the following three options were proposed for determining the associated time unit for the LP PUCCH:
· Alt. 1: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s)
· [bookmark: _Hlk95310330]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)
Compared with Alt. 1 and 3, Alt.2 can avoid unnecessary LP PUCCH dropping which is the main object of Rel-17 intra-UE multiplexing. Therefore, we support Alt.2.
Proposal 3: If a LP PUCCH carrying HARQ-ACK overlaps with multiple HP PUCCHs transmitted in multiple time units, 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).
Collision of PUCCHs and PUSCHs
It was agreed that in step 2.2, Rel-15/16 rule is reused for PUSCH selection for HARQ ACK multiplexing. Furthermore, mappings of encoding chain for multiplexing UCI into a PUSCH with different priority have been defined. Therefore, no separated dropping procedure is needed for multiplexing UCIs into a PUSCH with different priority.
Proposal 4: UCI(s) is multiplexed into a PUSCH with different priority based on the agreed mappings of encoding chain, and no separated dropping procedure is needed.
Multiplexing of HP SR with PF 0/1 and LP HARQ-ACK with PF 0/1
Multiple options were proposed and discussed for a long time, in this stage we propose to support a unified solution for this case, i.e.:
· For positive HP SR, transmit LP HARQ-ACK on the SR PUCCH resource.
· For negative HP SR, transmit LP HARQ-ACK on the HARQ-ACK PUCCH resource.
Proposal 5: When a PUCCH carrying HP SR only 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.
Multiplexing of HP SR, HP HARQ-ACK with PF 0/1 and LP HARQ-ACK
PUCCH resource set determination is based on the total payload size of K (K≥1)  HP SR(s), HP HARQ-ACK and LP HARQ-ACK, where K PUCCHs semi-statically configured for K HP SRs overlapping with the original PUCCH carrying HP HARQ-ACK with PF 0/1. 
One example is shown in Figure 1, two PUCCHs carrying HP SR overlap with a HP PUCCH with PF 0/1 carrying HP HARQ-ACK. After step 1, although a PUCCH resource with PF 0/1 in PRB(s) for HP SR 2 or HP HARQ-ACK is determined to transmit HP SR 2 and HP A/N, 3-bit or 4-bit UCI information is reported, i.e. {negative SR 1, positive SR 2, HARQ-ACK for TB 1, HARQ-ACK for TB 2 (if any)}. Therefore, when HP UCI is multiplexed with LP HARQ-ACK, 2 HP SRs should be transmitted, just same as the procedure of Rel-15 PF2/3/4. 


Figure 1. K PUCCHs carrying SR overlap with HP PUCCH carrying HARQ-ACK
Proposal 6: When a PUCCH with PF 0/1 carrying HP SR and HP HARQ-ACK overlaps with a PUCCH carrying LP HARQ-ACK, information bits for K (K≥1) HP SRs are appended to HP HARQ-ACK bits, and treat them as HP UCI, where K PUCCHs semi-statically configured for K HP SRs overlap with the original PUCCH with PF 0/1 carrying the HP HARQ-ACK.
Ambiguity caused by LP DCI missing
The probability of ambiguity is very low, because the ambiguity only exists when Type-2 HARQ-ACK codebook is configured for LP HARQ-ACK and the last LP DCI is missed by UE. On the other hand, such ambiguity can be avoided by gNB implementation. At this stage, we do not support additional enhancement to avoid ambiguity caused by LP DCI missing.
Proposal 7: Additional enhancement to avoid ambiguity caused by LP DCI missing is not supported.
Beta-offset value 
16 beta_offset values are reserved in R-15/16 mapping table, we think that introduce 8 new values (<1) for Table 9.3-1 in TS38.213 are enough. The values in Table 1 satisfy that the previous value is approximate 1.25 times the next value, and 1.25 times the first value equals 1.
Table 1: Mapping of beta_offset values for HARQ-ACK information and the index signalled by higher layers
	 or  or  or  
	 or 

	16
	0.8

	17
	0.64

	18
	0.5

	19
	0.4

	20
	0.32

	21
	0.25

	22
	0.2

	23
	0.1



Proposal 8: Introduce 8 new values for Table 9.3-1 in TS38.213, as shown in Table 1.
Conclusions
In this contribution, we show our views on the enhancements on intra-UE multiplexing/prioritization with following proposals:
Proposal 1: The priority of the resultant PUCCH/PUSCH for Rel-17 intra-UE multiplexing should be specified.
Proposal 2: Support Option 2 for resolving collision of PUCCHs of different priorities without repetition within a time unit, 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 3: If a LP PUCCH carrying HARQ-ACK overlaps with multiple HP PUCCHs transmitted in multiple time units, 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).
Proposal 4: UCI(s) is multiplexed into a PUSCH with different priority based on the agreed mappings of encoding chain, and no separated dropping procedure is needed.
Proposal 5: When a PUCCH carrying HP SR only 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.
Proposal 6: When a PUCCH with PF 0/1 carrying HP SR and HP HARQ-ACK overlaps with a PUCCH carrying LP HARQ-ACK, information bits for K (K≥1) HP SRs are appended to HP HARQ-ACK bits, and treat them as HP UCI, where K PUCCHs semi-statically configured for K HP SRs overlap with the original PUCCH with PF 0/1 carrying the HP HARQ-ACK.
Proposal 7: Additional enhancement to avoid ambiguity caused by LP DCI missing is not supported.
Proposal 8: Introduce 8 new values for Table 9.3-1 in TS38.213, as shown in Table 1.
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