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Introduction
In RAN1 #104e, intra-UE multiplexing/prioritization for R17 URLLC was agreed with following agreements:
Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· Use 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.
· FFS: The PUCCH resource is configured dedicated for multiplexing of HP HARQ-ACK and LP HARQ-ACK.
· FFS in case the total number of LP and HP HARQ-ACK bits is 2.
· FFS details
 Working assumption:
Reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities
· FFS whether or not to specify a different behavior than Rel-15 when the timeline requirements are not met  
 Agreements:
For multiplexing LP HARQ-ACK in a HP PUSCH, support 0< beta-offset <1.
· FFS value(s)
· FFS to additionally support beta-offset =0 or a value disabling the multiplexing
· Aim to NOT increase the corresponding bitwidth in the DCI (compared to Rel-16)
In this contribution, we show our views on the enhancements on Rel-17 intra-UE multiplexing/prioritization.
Discussion
Multiplexing of HARQ-ACK and SR with different priorities
In RAN1 #104e, multiple options were proposed for multiplexing of HARQ-ACK and SR. Our proposals for multiplexing of HARQ-ACK and SR with different priorities as following: 
Case 1: A PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0.
The reliability of PF0 depends on the number of PUCCH symbols. When the number of LP PUCCH symbols is not less than the HP PUCCH symbols, using LP PUCCH to transmit HP SR and LP HARQ-ACK will not lead to the reliability loss of HP SR.  
If HP SR is negative, the UE transmits HARQ-ACK on PUCCH resource for HARQ-ACK, i.e. same as Rel-15. If HP SR is positive,
· If  , where  is the number of symbols of PUCCH carrying HARQ-ACK and  is the number of symbols of PUCCH carrying SR, the UE transmits HARQ-ACK in PRB for HARQ-ACK with a special cyclic shift, i.e. same as Rel-15;
· Otherwise, the UE transmits SR on PUCCH resource for SR and drops HARQ-ACK, i.e. same as Rel-16.
Case 2: A PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1.
Rel-16 mechanism is reused. If HP SR is negative, the UE transmits HARQ-ACK on PUCCH resource for HARQ-ACK. 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.
Rel-16 mechanism is reused. If HP SR is negative, the UE transmits HARQ-ACK on PUCCH resource for HARQ-ACK. 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.
Rel-15 multiplexing is reused. If SR is positive, the UE transmits HARQ-ACK on PUCCH resource for SR. If SR is negative, the UE transmits HARQ-ACK on PUCCH resource for HARQ-ACK.
Proposal 1: Rel-15 or Rel-16 mechanism should be reused to support multiplexing of HARQ-ACK and SR with different priorities. 
Proposal 2: When PF0 is used by both HP SR and LPHARQ-ACK , whether to use Rel-15 mechanism or Rel-16 mechanism can be determined according to the number of PUCCH symbols. The details are summarized in the table 1.

PUCCH resource for multiplexing of HP HARQ-ACK and LP HARQ-ACK
A PUCCH resource in the PUCCH resource set configured for HP HARQ-ACK should be used to transmit the multiplexing of HP HARQ-ACK and LP HARQ-ACK to guarantee both the latency and reliability of HP HARQ-ACK. 
Proposal 3: A PUCCH resource in the PUCCH resource set configured for HP HARQ-ACK is used to transmit HP HARQ-ACK and LP HARQ-ACK.

To avoid the performance degradation of HP UCI caused by miss detection of DCI for LP HARQ-ACK, a PUCCH resource, determined based on the PRI indicated in HP DCI and a predefined offset, can be used to transmit the HP HARQ-ACK and LP HARQ-ACK. For example,   is a value of the PUCCH resource indicator field in the last HP DCI, the PUCCH resource for multiplexing is determined based on , where  can be determined based on the reception of LP DCI, for example:
· If the value of C-DAI in the last LP DCI is even or no LP DCI is received, ;
· Otherwise, .
Proposal 4: The PUCCH resource for multiplexing HP HARQ-ACK and LP HARQ-ACK is determined based on the PRI indicated in the last HP DCI and an offset.
· If the value of C-DAI in the last LP DCI is even or no LP DCI is received, ;
· Otherwise, .
UCI compression
If the total UCI bits exceed the capacity of the multiplexing PUCCH, the low-priority HARQ-ACK/SR should be compressed and the high-priority HARQ-ACK/SR is transmitted without any compression (as Rel-15).  The low-priority HARQ-ACK/SR can be compressed into 0 bit. The following compression schemes can be further studied:
· If CBG-based transmission is configured, CBG-based HARQ-ACK is compressed firstly.
a) Option 1-1: CBG-based HARQ-ACK falls back to TB-based HARQ-ACK.
b) Option 1-2: HARQ-ACK bundling is performed cross multiple CBGs of one TB. The number of multiple CBGs can be determined based on the capacity of the multiplexing PUCCH. Taking Figure 1 as an example, the maximum number of CBGs included in one TB is 8. Based on the capacity of the multiplexing PUCCH, at most 5 LP HARQ-ACK bits can be transmitted, HARQ-ACK bits corresponding to two consecutive CBGs are bundled, and 4 bundled HARQ-ACK bits will be transmitted for the LP PDSCH.

Figure 1: An example of option 1-2
· For TB-based HARQ-ACK, HARQ-ACK bundling is performed cross multiple PDSCHs on one serving cells. Similar as option 1-2, the number of multiple PDSCHs can be determined based on the capacity of the multiplexing PUCCH.
Proposal 5: When the total number of HP HARQ-ACK/SR and LP HARQ-ACK/SR exceeds the capacity of the multiplexing PUCCH,
· If CBG-based HARQ-ACK, HARQ-ACK bundling across multiple CBGs of one TB is firstly used for LP HARQ-ACK;
· For TB-based HARQ-ACK, HARQ-ACK bundling across multiple PDSCHs on one serving cell can be used for LP HARQ-ACK.
Coding for UCI with different priorities
When more than 2 HARQ-ACK bits are transmitted in one PUCCH, channel coding is used. In Rel-15/16, all HARQ-ACK bits are jointly coded. In RAN1 #103-e, the following coding schemes were proposed for multiplexing of HP HARQ-ACK and LP HARQ-ACK in one PUCCH:
· Option 1: Support joint coding.
The maximum coding rate configured for HP HARQ-ACK should be used for both HP HARQ-ACK and LP HARQ-ACK. Resource redundancy may exist, since more resources are used to transmit LP HARQ-ACK with high reliability. However, the reliability of HP HARQ-ACK can be kept. The main advantage of option 1 is that it has the least impact on both specification and UE implementation.
· Option 2: Support separate coding.
The number of physical resources (i.e. REs or PRBs) used to transmit HP HARQ-ACK and LP HARQ-ACK should be separately calculated based on the respective maximum coding rate. Compared with option 1, for some cases, option 2 may save physical resources and avoid the dropping/compression of LP HARQ-ACK. However, the gain of option 2, related to the payload size and the maximum coding rate of HP HARQ-ACK and LP HARQ-ACK, is uncertain. On the other hand, the following issues have to be specified to support option 2:
a) The procedures for determining PUCCH PRB number
b) The procedures for physical resource mapping, e.g. RE or PRB mapping
c) The procedures for determining code rate for HP HARQ-ACK and LP HARQ-ACK in one PUCCH resource
· Option 3: Combination of Option1 and 2. 
Joint coding and separate coding are used for different use cases, i.e. different payload size.
Considering benefit from option 2 is not clear but spec effort is large, option 1 is preferred.
Proposal 6: Joint coding is used to support the multiplexing of HP HARQ-ACK and LP HARQ-ACK in one PUCCH with more than 2 HARQ-ACK bits.
Multiplexing of 2-bit HARQ-ACK with different priorities 
When the total number of HARQ-ACK bits is 2, A PUCCH format 0/1 configured for HP HARQ-ACK is used to transmit 1-bit HP HARQ-ACK and 1-bit LP HARQ-ACK. The reliability of HP HARQ-ACK can be guaranteed, because the HP PUCCH resource is used. No further enhancement is needed. 
Proposal 7: No enhancement is supported for multiplexing of 1-bit HP HARQ-ACK and 1-bit LP HARQ-ACK on a PUCCH format 0/1.
Collision between PUCCH and PUSCH
When PUCCH and PUSCH with different priorities overlap, UCI is multiplexed into PUSCH, to guarantee the latency and reliability of high-priority transmission, additional limitations for multiplexing can be considered:
· 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 2.
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.

Figure 2. One example of the limitations on the ending symbols
· Reliability limitation: The reliability of high-priority information should always be guaranteed when UCI with different priority is multiplexed into a PUSCH. In order to balance the reliability and efficiency, the following mechanisms should be supported:
· Beta-offset values and scaling factors (i.e. alpha) should be separately configured for different priority combinations;
· Separate coding is used for the UCIs with different priorities;
· Low-priority UCI should be compressed when the actual coding rate is higher than a threshold (i.e. the maximum coding rate configured for the low-priority HARQ-ACK on PUCCH or 1).
Proposal 8:  To support multiplexing UCI in one PUSCH when the UE would transmit multiple overlapping PUCCH and PUSCH with different priority, the following mechanisms should be supported to ensure the latency and reliability of high-priority information:
· The timeline of ending symbols used for UCI transmission should be considered.
· Beta-offset values and scaling factors should be separately configured for different priorities.
· Low-priority HARQ-ACK should be compressed when the actual coding rate is higher than a threshold.

Collision between PUSCHs
In RAN 1 #103-e meeting, PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell in Rel-17 is supported with an open issue on timeline for more than two overlapping channels case.
For more than two overlapping channels, both multiplexing and prioritization will happen. Timeline and procedure for multiplexing and prioritization has been discussed in Rel-16. So, timeline and procedure for multiplexing and prioritization specified in 38.213 can be reused for high-priority dynamic grant PUSCH and low-priority configured grant PUSCH.
Proposal 9: For more than two overlapping channels, timeline and procedure for multiplexing and prioritization specified in 38.213 can be reused.
Conclusions
In this contribution, we show our views on the enhancements on intra-UE multiplexing/prioritization with following proposals:
Proposal 1: Rel-15 or Rel-16 mechanism should be reused to support multiplexing of HARQ-ACK and SR with different priorities.
Proposal 2: When PF0 is used by both HP SR and LP HARQ-ACK, whether to use Rel-15 mechanism or Rel-16 mechanism can be determined according to the number of PUCCH symbols. The details 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
	If , Rel-15 mechanism;
Otherwise, Rel-16 mechanism.
	Rel-16 mechanism

	
	PF 1
	Rel-16 mechanism
	Rel-15 mechanism


Note:  is the number of symbols of PUCCH carrying HARQ-ACK and  is the number of symbols of PUCCH carrying SR.

Proposal 3: A PUCCH resource in the PUCCH resource set configured for HP HARQ-ACK is used to transmit HP HARQ-ACK and LP HARQ-ACK.
Proposal 4: The PUCCH resource for multiplexing HP HARQ-ACK and LP HARQ-ACK is determined based on the PRI indicated in the last HP DCI and an offset.
· If the value of C-DAI in the last LP DCI is even or no LP DCI is received, ;
· Otherwise, .
Proposal 5: When the total number of HP HARQ-ACK/SR and LP HARQ-ACK/SR exceeds the capacity of the multiplexing PUCCH,
· If CBG-based HARQ-ACK, HARQ-ACK bundling across multiple CBGs of one TB is firstly used for LP HARQ-ACK;
· For TB-based HARQ-ACK, HARQ-ACK bundling across multiple PDSCHs on one serving cell can be used for LP HARQ-ACK.
Proposal 6: Joint coding is used to support the multiplexing of HP HARQ-ACK and LP HARQ-ACK in one PUCCH with more than 2 HARQ-ACK bits.
Proposal 7: No enhancement is supported for multiplexing of 1-bit HP HARQ-ACK and 1-bit LP HARQ-ACK on a PUCCH format 0/1.
Proposal 8:  To support multiplexing UCI in one PUSCH when the UE would transmit multiple overlapping PUCCH and PUSCH with different priority, the following mechanisms should be supported to ensure the latency and reliability of high-priority information:
· The timeline of ending symbols used for UCI transmission should be considered.
· [bookmark: _GoBack]Beta-offset values and scaling factors should be separately configured for different priorities.
· Low-priority HARQ-ACK should be compressed when the actual coding rate is higher than a threshold.
Proposal 9: For more than two overlapping channels, timeline and procedure for multiplexing and prioritization specified in 38.213 can be reused.
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