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Introduction
In RAN1 #106b-e, intra-UE multiplexing/prioritization for Rel-17 URLLC was agreed with following agreements:
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 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, 
· 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.
Agreement
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.
In this contribution, we show our views on the enhancements on Rel-17 intra-UE multiplexing/prioritization.
Discussion
Separate Coding on PUCCH
When the total LP HARQ-ACK and HP HARQ-ACK bits is more than 2, and one of HP HARQ-ACK and LP HARQ-ACK is not more than 2, two coding schemes were proposed:
·  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 option 2, when the number of encoded bits to be transmitted is at least 32, rate matching may lead performance loss due to dropped original information.
Proposal 1: When the total LP HARQ-ACK and HP HARQ-ACK bits is more than 2 and one of HP HARQ-ACK and LP HARQ-ACK is not more than 2, reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit and reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit.

PUCCH Format 2
In Rel-15, PUCCH format 2 cannot be used for multiplexing of HARQ-ACK and CSI. Considering the latency requirement of HP HARQ-ACK, we prefer that PUCCH format 2 can be used for multiplexing of HP HARQ-ACK and LP HARQ-ACK in Rel-17. The procedures for PUCCH format 3/4 can be directly reused by PUCCH format 2, almost no additional impact on both UE implementation and specification.
Proposal 2: PUCCH format 2 can be used for multiplexing of HP HARQ-ACK and LP HARQ-ACK.

The Number of PRBs Used for PUCCH Transmission 
For a PUCCH resource with PUCCH format 3 determined based on HP HARQ-ACK bits and LP HARQ-ACK bits, if , the following options can be considered to determine the PRB(s) and UCI(s) to be transmitted:
· Option 1: UE transmits the PUCCH over [image: ] PRBs, and LP HARQ-ACK is transmitted without dropping. 
· Option 2: UE transmits the PUCCH over the PRBs determined based on HP HARQ-ACK bits only, and LP HARQ-ACK is fully dropped.
· Option 2-1: The same PUCCH resource is used.
· Option 2-2: A PUCCH resource determined based on HP HARQ-ACK bits only is used. 
For option 1, since HP HARQ-ACK reuses rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1, the reliability of HP HARQ-ACK can be guaranteed. However, the probability of decoding failure of LP HARQ-ACK is pretty high. Comparing with option 2, the disadvantages of option 1 include:
(1) Unnecessary UE power consumption when the LP HARQ-ACK is not correctly decoded.
(2) Uplink efficiency loss when the LP HARQ-ACK is not correctly decoded.
Therefore, we prefer option 2. Furthermore, we support option 2-2, because the transmission efficiency of PUCCH resource determined for HP HARQ-ACK only should be higher than the initial PUCCH resource determined for both HP HARQ-ACK and LP HARQ-ACK. For example, based on both LP HARQ-ACK and 2-bit HP HARQ-ACK, a resource using PUCCH format 3/4 is determined as the initial PUCCH resource. Once all LP HARQ-ACK bits are dropped and 2-bit HP HARQ-ACK is transmitted in the resource using PUCCH format 3/4, then new coding scheme needs to be defined and lower transmission efficiency can be expected.
Proposal 3: If a PUCCH resource with PUCCH format 3 is determined for multiplexing of HP HARQ-ACK and LP HARQ-ACK, and , UE transmits HP HARQ-ACK on a PUCCH resource determined based on HP HARQ-ACK bits only, and LP HARQ-ACK is fully dropped.

PUCCH Power Control
In Rel-15/16, the PUCCH transmission power is determined as
[image: ] where
· [image: ] for a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a number of UCI bits smaller than or equal to 11;
· 
, where [image: ], for a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a number of UCI bits larger than 11.

Since only one code rate is applied for Rel-15/16 PUCCH, transmission power for a PUCCH carrying multiplexed UCIs determined by only one code rate can satisfy the target reliability requirement of PUCCH. When multiple code rates are supported in a Rel-17 PUCCH carrying UCIs with different priorities, to ensure the reliable transmission of total UCI bits, the following determination of  can be considered:
· 
Option 1:  is determined based on the code rate of HP UCI.
· 

Option 2: Firstly, separately determine a value of  for HP UCI and LP UCI as R16. Then, select the maximum one from the two separately determined values as the final . 


When  is determined by the same formula, option1 and option 2 lead the same result and option 1 is simpler. When  is determined by different formulas due to the number of UCI bit for HP or LP is not smaller than 11 but the number of UCI bit for LP or HP is larger than 11, option 2 maybe more reliable.
Proposal 4: When multiple code rates are supported in a PUCCH carrying UCIs with different priorities, option 1 or option 2 can be considered.

Multiplexing of HP UCI and LP UCI
(1) Multiplexing of LP HARQ-ACK and HP SR
In RAN1 #104e, multiple options were proposed for multiplexing of HARQ-ACK and SR with PF0/1. Generally, if HP SR is negative, UE should transmit HARQ-ACK on PUCCH resource for HARQ-ACK. Our proposals for multiplexing of LP HARQ-ACK and positive HP SR as following: 
· Case 1: A PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0.
If HP SR is positive, the UE transmits HARQ-ACK in PRB for HARQ-ACK with a special cyclic shift, i.e. same as Rel-15.
· Case 2: A PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1.
If HP SR is positive, the UE transmits SR on PUCCH resource for SR and drop HARQ-ACK.
· Case 3: A PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0.
If HP SR is positive, the UE transmits SR on PUCCH resource for SR and drop HARQ-ACK.
· Case 4: A PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF1.
If SR is positive, the UE transmits HARQ-ACK on PUCCH resource for SR. 
Furthermore, in order to avoid additional specific work, we propose that multiplexing of HP SR and LP HARQ-ACK with more than 2 bits are not supported in Rel-17. In the other word, if a PUCCH carrying a positive HP SR overlaps with a PUCCH carrying LP HARQ-ACK with more than 2 bits, only HP SR is transmitted; otherwise, only LP HARQ-ACK is transmitted.
Proposal 5: When PF0/1 is used by HP SR and LP HARQ-ACK, if HP SR is negative, UE should transmit LP HARQ-ACK on PUCCH resource for LP HARQ-ACK. 
Proposal 6: When PF0/1 is used by HP SR and LP HARQ-ACK , multiplexing methods are summarized in the table 1.
Proposal 7: If a PUCCH carrying HP SR overlaps with a PUCCH carrying LP HARQ-ACK with more than 2 bits, 
· If HP SR is positive, UE transmits HP SR on PUCCH resource for SR and drops LP HARQ-ACK;
· If HP SR is negative, UE should transmit LP HARQ-ACK on PUCCH resource for LP HARQ-ACK.

(2) A PUCCH carrying HP SPS HARQ-ACK overlaps with a PUCCH carrying LP HARQ-ACK.
To guarantee the detection performance of HP HARQ-ACK, multiplexing of HP SPS HARQ-ACK and LP HARQ-ACK is not supported for this case, and only HP SPS HARQ-ACK is transmitted.
Proposal 8: If a PUCCH carrying HP SPS HARQ-ACK overlaps with a PUCCH carrying LP HARQ-ACK, UE transmits HP SPS HARQ-ACK on PUCCH resource for HP SPS HARQ-ACK and drops LP HARQ-ACK.

(3) Multiple PUCCHs carrying HP HARQ-ACK overlap with a PUCCH carrying LP HARQ-ACK.
One example is shown in Figure 1, two HP PUCCHs carrying HARQ-ACK overlap with a LP PUCCH carrying HARQ-ACK. The first HP PUCCH does not satisfy the multiplexing timeline conditions, and the second HP dynamic PUCCH satisfies the multiplexing timeline conditions. In this case, we propose that LP HARQ-ACK is multiplexed with HP HARQ-ACK transmitted on HP PUCCH 2, and a HP PUCCH resource in subslot 2 should be used.
Proposal 9: If multiple HP PUCCHs carrying HP HARQ-ACK overlap with a LP PUCCH carrying LP HARQ-ACK, LP HARQ-ACK should be multiplexed with the HP HARQ-ACK transmitted on the earliest HP PUCCH which is in response to a DCI and satisfies the multiplexing timeline conditions, then
· LP CSI/SR carried in the LP PUCCH, if any, is dropped.


Figure 1: Two PUCCHs carrying HP HARQ-ACK overlap with a PUCCH carrying LP HARQ-ACK

(4) A PUCCH carrying HP HARQ-ACK overlaps with multiple PUCCHs carrying LP HARQ-ACK.
Taking Figure 2 as example, a HP PUCCH carrying HARQ-ACK overlaps with two LP PUCCHs carrying HARQ-ACK. The first LP PUCCH does not satisfy the multiplexing timeline conditions, and the second LP PUCCH satisfies the multiplexing timeline conditions. For this case, we propose that LP PUCCH 1 is cancelled (Rel-16 cancellation timeline should be satisfied), and HP HARQ-ACK is multiplexed with LP HARQ-ACK transmitted on LP PUCCH 2 in a HP PUCCH resource in the slot.


Figure 2: A PUCCH carrying HP HARQ-ACK overlaps with multiple PUCCHs carrying LP HARQ-ACK
Proposal 10: If a HP PUCCH carrying HP dynamic HARQ-ACK overlaps with multiple LP PUCCHs carrying LP HARQ-ACK, 
· HP HARQ-ACK should be multiplexed with the LP HARQ-ACK transmitted on the LP PUCCHs satisfying the multiplexing timeline conditions, and LP CSI/SR carried in the LP PUCCHs, if any, is dropped;
· Cannel the LP PUCCH does not satisfy the multiplexing timeline conditions (Rel-16 cancellation timeline should be satisfied).

Collision between PUCCH and PUSCH
(1) Multiplexing Timeline
For current multiple timeline, limitations on the starting symbols of UL transmission are considered to ensure there is enough time reserved for the processing of multiplexing. If high-priority UCI is multiplexed into low-priority PUSCH, the latency of high-priority UCI should be ensured. Therefore, the limitations on the ending symbols of UL transmission should be considered. 
· Option 1: The ending symbol of a low-priority PUSCH is no later than the ending symbol of high-priority PUCCH.
· Option 2: The ending symbol used for UCI transmission in a low-priority PUSCH is not later than the ending of high-priority PUCCH. One example is shown in Figure 4.
Comparing option 1, the limitation of option 2 is looser, then the multiplexing of high-priority HARQ-ACK into low-priority PUSCH will be more applicable.
[image: ]
Figure 4. One example of the limitations on the ending symbols
Proposal 11:  To support multiplexing UCI in one PUSCH with different priority, the ending symbol used for UCI transmission in a low-priority PUSCH is not later than the ending of high-priority PUCCH.

(2) PUSCH for Multiplexing
In Rel-15, if a PUCCH overlaps with multiple PUSCHs, UE will determine a PUSCH based on the following priorities:
· Step 1: DG PUSCH > CG PUSCH;
· Step 2: PUSCH(s) of the serving cell with the smallest ServCellIndex among the PUSCH(s) determined from step 1;
· Step 3: The earliest PUSCH among the PUSCH(s) determined from step 2.
To reduce the latency of HP HARQ-ACK, we propose the selection of a PUSCH for UCI multiplexing can be enhanced, if a PUCCH carrying HP HARQ-ACK overlaps with multiple LP PUSCHs. For example, the LP PUSCH with earliest ending is selected for multiplexing of HP HARQ-ACK. The following priorities can be considered:
· Step 1: DG PUSCH > CG PUSCH;
· Step 2: PUSCH(s) with earliest ending among the PUSCH(s) determined from step 1;
· Step 3: The PUSCH of the serving cell with the smallest ServCellIndex among the PUSCH(s) determined from step 2.
Proposal 12:  If a PUCCH carrying HP HARQ-ACK overlaps with multiple LP PUSCHs, a LP PUSCH is selected for multiplexing of HP HARQ-ACK based on the following priorities:
· Step 1: DG PUSCH > CG PUSCH;
· Step 2: PUSCH(s) with earliest ending among the PUSCH(s) determined from step 1;
· Step 3: The PUSCH of the serving cell with the smallest ServCellIndex among the PUSCH(s) determined from step 2.

(3) RE determination for HP HARQ-ACK
In RAN1 #106b, it was agreed that the “Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle”. Based on the current agreements, separate configurations of beta-offset are supported, but separate configurations of alpha are not supported. Therefore, when HP HARQ-ACK is multiplexed into a LP PUSCH, the number of REs determined based on the beta-offset to transmit HP HARQ-ACK may be greater than the maximum number of REs determined based on the alpha for UCI multiplexing in the LP PUSCH. To guarantee the reliability of HP HARQ-ACK, we do not support multiplexing HP HARQ-ACK into the LP PUSCH for this case.
Proposal 13: For multiplexing HP HARQ-ACK into a LP PUSCH, if the number of REs determined based on the beta-offset for HP HARQ-ACK is greater than the maximum number of REs determined based on the alpha, UE transmits HP HARQ-ACK on PUCCH and drops the LP PUSCH.
Conclusions
In this contribution, we show our views on the enhancements on intra-UE multiplexing/prioritization with following proposals:
Proposal 1: When the total LP HARQ-ACK and HP HARQ-ACK bits is more than 2 and one of HP HARQ-ACK and LP HARQ-ACK is not more than 2, reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit and reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit.
Proposal 2: PUCCH format 2 can be used for multiplexing of HP HARQ-ACK and LP HARQ-ACK.
Proposal 3: If a PUCCH resource with PUCCH format 3 is determined for multiplexing of HP HARQ-ACK and LP HARQ-ACK, and , UE transmits HP HARQ-ACK on a PUCCH resource determined based on HP HARQ-ACK bits only, and LP HARQ-ACK is fully dropped.
Proposal 4: When multiple code rates are supported in a PUCCH carrying UCIs with different priorities, option 1 or option 2 can be considered.
Proposal 5: When PF0/1 is used by HP SR and LP HARQ-ACK, if HP SR is negative, UE should transmit LP HARQ-ACK on PUCCH resource for LP HARQ-ACK. 
Proposal 6: When PF0/1 is used by HP SR and LP HARQ-ACK , multiplexing methods are summarized in the table 1.
Table 1: Multiplexing of LP HARQ-ACK and HP SR
	
	LP HARQ-ACK

	
	PF 0
	PF 1

	HP SR
(positive)
	PF 0
	The UE transmits HARQ-ACK in PRB configured for HARQ-ACK with a special cyclic shift, i.e. same as Rel-15.
	The UE transmits SR on PUCCH resource for SR and drop HARQ-ACK.

	
	PF 1
	The UE transmits SR on PUCCH resource for SR and drop HARQ-ACK.
	The UE transmits HARQ-ACK on PUCCH resource for SR



Proposal 7: If a PUCCH carrying HP SR overlaps with a PUCCH carrying LP HARQ-ACK with more than 2 bits, 
· If HP SR is positive, UE transmits HP SR on PUCCH resource for SR and drops LP HARQ-ACK;
· If HP SR is negative, UE should transmit LP HARQ-ACK on PUCCH resource for LP HARQ-ACK.
Proposal 8: If a PUCCH carrying HP SPS HARQ-ACK overlaps with a PUCCH carrying LP HARQ-ACK, UE transmits HP SPS HARQ-ACK on PUCCH resource for HP SPS HARQ-ACK and drops LP HARQ-ACK.
Proposal 9: If multiple HP PUCCHs carrying HP HARQ-ACK overlap with a LP PUCCH carrying LP HARQ-ACK, LP HARQ-ACK should be multiplexed with the HP HARQ-ACK transmitted on the earliest HP PUCCH which is in response to a DCI and satisfies the multiplexing timeline conditions, then
· LP CSI/SR carried in the LP PUCCH, if any, is dropped.
Proposal 10: If a HP PUCCH carrying HP dynamic HARQ-ACK overlaps with multiple LP PUCCHs carrying LP HARQ-ACK, 
· HP HARQ-ACK should be multiplexed with the LP HARQ-ACK transmitted on the LP PUCCHs satisfying the multiplexing timeline conditions, and LP CSI/SR carried in the LP PUCCHs, if any, is dropped;
· Cannel the LP PUCCH does not satisfy the multiplexing timeline conditions (Rel-16 cancellation timeline should be satisfied).
Proposal 11:  To support multiplexing UCI in one PUSCH with different priority, the ending symbol used for UCI transmission in a low-priority PUSCH is not later than the ending of high-priority PUCCH.
Proposal 12:  If a PUCCH carrying HP HARQ-ACK overlaps with multiple LP PUSCHs, a LP PUSCH is selected for multiplexing of HP HARQ-ACK based on the following priorities:
· Step 1: DG PUSCH > CG PUSCH;
· Step 2: PUSCH(s) with earliest ending among the PUSCH(s) determined from step 1;
· Step 3: The PUSCH of the serving cell with the smallest ServCellIndex among the PUSCH(s) determined from step 2.
[bookmark: _GoBack]Proposal 13: For multiplexing HP HARQ-ACK into a LP PUSCH, if the number of REs determined based on the beta-offset for HP HARQ-ACK is greater than the maximum number of REs determined based on the alpha, UE transmits HP HARQ-ACK on PUCCH and drops the LP PUSCH.
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