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1 Introduction
In the last RAN1#104-e meeting, RAN1 made a progress on intra-UE multiplexing/prioritization for URLLC/IIoT. In this contribution, we provide our views on intra-UE multiplexing of different channels.

[bookmark: OLE_LINK71][bookmark: OLE_LINK72]Multiplexing UCIs of different priorities in a PUCCH
LP HARQ-ACK + HP HARQ-ACK>2
[bookmark: OLE_LINK69]Coding schemes
	Agreements at RAN1#104-e: [1]
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits are more than 2 bits, down-select from the following options in RAN1#104-e:
· Option 1: Support joint coding.
· Option 2: Support separate coding.
· Option 3: Combination of Option1 and 2.
· FFS the details


Regarding multiplexing UCIs of different priorities in a PUCCH, it should be determined how to encode LP-UCI and HP-UCI in a PUCCH. If the total bit-length of LP-UCI and HP-UCI is more than 2 bits, then one of PF2, PF3 or PF4 can be used to transmit LP-UCI and HP-UCI. In this case, the issue is whether to encode LP-UCI and HP-UCI separately or jointly. Two encoding rules are compared as follow: 
· Alt 1) In the separate encoding, a UE encodes each UCI with own maximum code rate and determines the number of RBs for each UCIs. For example, LP-UCI is encoded with higher code rate (e.g., zeroDot80) and the required # of RBs for the LP-UCI is computed. In parallel, HP-UCI is encoded with lower code rate (e.g., zeroDot08) and the required # of RBs for HP-UCI is also computed. The encoded LP-UCI and HP-UCI are mapped to the selected PUCCH resource of which # of RBs is determined based on both the required # of RBs for the LP-UCI and the required # of RBs for the HP-UCI. The merit of the separate coding is that it can provide separate maximum code rate for the required HP-UCI’s reliability, irrespective of presence of LP-UCI transmission. That is, the reliability of HP-UCI can be protected and ensured. The concern of the separate coding is additional UE complexity due to two independent encoding processes. However, Rel-15 PF3 already supported two independent encoding processes, one for HARQ-ACK, SR, and CSI part I and another for CSI part II. Thus, the similar UE complexity would be expected if the separate encoding is supported. 
· Alt 2) In the joint encoding, a UE concatenates two UCIs as a single UCI and the consolidated UCI is encoded with a single maximum code rate. The required # of RBs for the single UCI is computed. The issue in the joint encoding is how to determine the single maximum code rate. For example, the single maximum code rate may be one of the maximum code rates for LP-UCI and HP-UCI. To ensure HP-UCI’s reliability, the single maximum code rate should be set to the maximum code rate for HP-UCI. In this case, the LP-UCI is also encoded with the maximum code rate of HP-UCI, which results in very inefficient PUCCH resource utilization (i.e., too many RBs are required). 
It was also argued that additional CRC overhead should be taken into account to decide which encoding process is supported. Note that if the payload size is larger than 11 bits, then CRC is attached to the payload. Therefore, addition CRC overhead may reduce PUCCH resource efficiency. To compare CRC overhead of two encoding schemes, we summarize the additional CRC overhead as shown in Table 1. 
 Table 1. CRC overhead
	
	LP-UCI

	
	≤11 bits
	>11 bits

	


HP-UCI
	
≤11 bits
	If LP-UCI + HP-UCI ≤11 bits, 
· No CRC for separate coding 
· No CRC for joint coding 
	· 1 CRC for separate coding 
· 1 CRC for joint coding 


	
	
	If LP-UCI + HP-UCI >11 bits, 
· No CRC for separate coding 
· 1 CRC for joint coding 
	

	
	>11 bits
	· 1 CRC for separate coding 
· 1 CRC for joint coding 
	· 2 CRCs for separate coding 
· 1 CRC for joint coding 



Based on the addition CRC overhead in Table 1, the CRC overhead of separate coding and joint coding is same except two cases. The first case is both LP-UCI and HP-UCI are no more than 11 bits, but the total UCI is more than 11 bits, where the separate coding has no CRC, but the joint coding has 1 CRC so that the separate coding is superior to the joint coding in terms of CRC overhead. On the contrary, the second case is both LP-UCI and HP-UCI are more than 11 bits, where the separate coding has 2 CRCs, but the joint coding has 1 CRC so that the joint coding is superior to the separate coding in terms of CRC overhead. From our perspective, the second case occurs rare. It is because 1) the payload size of HP-UCI is small for meeting URLLC reliability and 2) the payload size of multiplexed LP-UCI is small to ensure high reliability of HP-UCI. Even if the LP-UCI payload size is large, then the LP-UCI may be bundled, or some bits of the LP-UCI can be dropped. 
In addition, there were some proposals to use both the separate coding and the joint coding. However, even if selection of the separate coding and the joint coding may provide benefits in a specific scenario, the specification impacts can be doubled so that RAN1 should focus on support of single encoding procedure. Based on pros and cons above, we prefer to support the separate encoding for multiplexing UCIs of different priorities in a PUCCH. 
· Proposal 1: We prefer to support the separate encoding for multiplexing UCIs of different priorities in a PUCCH. 

HP-/LP-UCI mapping in a PUCCH resource
When the separately encoded UCIs are mapped to the selected PUCCH resource, it should be determined in RAN1 how to map the different UCIs with priorities. There are two possible ways, one is a TDM-ed mapping and the other is a FDM-ed mapping. 
· Alt 1) TDM-ed mapping. In this TDM-ed mapping, the HP-UCI and LP-UCI are mapped to different symbols but occupy the same subcarriers. For example, if the selected PUCCH resource has 4 symbols (excluding DMRS symbols), then 2 symbols are used for mapping of HP-UCI and the remaining symbols are used for mapping of LP-UCI. In the TDM-ed mapping, the position of symbols for HP-UCI directly affects latency and reliability. To achieve low latency, it would be better to map HP-UCI to the first symbol(s) of the selected PUCCH resource. On the contrary, to achieve high reliability, it would be better to map HP-UCI to the symbol(s) adjacent to DMRS symbols. This mapping can be suitable for long PUCCH formats e.g., PUCCH format 3 or 4.
· Alt 2) FDM-ed mapping. In this FDM-ed mapping, the HP-UCI and LP-UCI are mapped to different RBs or subcarriers but occupy the same symbols to achieve frequency diversity. The HP-UCI is mapped to some parts of RBs according to the required # of RBs for HP-UCI, and the LP-UCI is mapped to other parts of RBs according to the required # of RBs for LP-UCI. This mapping can be suitable for short PUCCH format 2 because the PUCCH format 2 can be occupied up to 2 symbols. 
Among two alternatives, we think the latency reduction of the HP-UCI is crucial than the reliability, because the reliability can be achieved by the different techniques, i.e., lower code rate or higher transmission power. So, we propose to use the TDM-ed mapping as HP-/LP-UCI mapping in a PUCCH resource. 
· Proposal 2: For multiplexing HARQ-ACK information with different priorities, TDM-ed mapping can be used to map UCIs with two priorities in a PUCCH. 
· The HARQ-ACK information with higher priority is mapped to the symbols preceding symbols for the HARQ-ACK information with lower priority.

Configurations for multiplexing
	Agreements at RAN1#104-e: [2]
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


In the last RAN1#104-e meeting, RAN1 agreed to use high-priority PUCCH resources to support multiplexing of LP HARQ-ACK and HP HARQ-ACK if the total number of LP and HP HARQ-ACK bits is more than 2 bits. In Rel-17, the two PUCCH configurations (one for LP-PUCCH, another for HP-PUCCH) cannot be enough to multiplex UCIs with two different priorities (i.e., LP-HARQ and HP-SR or LP-HARQ and HP-HARQ) and additional RRC signalling can be further required to support the multiplexing. For example, to multiplex UCIs with two priorities, a PUCCH configuration may contain two maximum code rates, i.e., one for LP-UCI and the other for HP-UCI. As we described above, since a PUCCH configuration in Rel-15/16 has only one maximum code rate per PUCCH format, if the maximum code rate is applied to both priorities, it would result in lowering reliability for HP-UCI as well as being inefficient PUCCH resource utilization. Therefore, it would be better to configure both maximum code rates in a PUCCH configuration for multiplexing of LP-UCI and HP-UCI. 
· Proposal 3: We propose to configure two maximum code rates per PUCCH format in the second PUCCH-Config, one for LP-UCI and the other for HP-UCI.

 Another issue is the case where the second PUCCH-Config only includes the first PUCCH resource set (for 1- or 2-bit HARQ-ACK information). In this case, the UE cannot multiplex LP HARQ-ACK and HP HARQ-ACK in a PUCCH resource of the second PUCCH-Config since there are no PUCCH resources for more than 2 bits HARQ-ACK information. There are two approaches to address this issue. The first approach is to allow to configure dedicated PUCCH resource(s) for multiplexing HP HARQ-ACK and LP HARQ-ACK only if the second PUCCH-Config contains the first PUCCH resource set. So, the UE can multiplex HP HARQ-ACK and LP HARQ-ACK in the dedicated PUCCH resource. The second approach is that this case is regarded as an error case, i.e., the UE is not expected to multiplex HP HARQ-ACK and LP HARQ-ACK if the total number of LP and HP HARQ-ACK is more than 2 bits. 
· Proposal 4: Further discuss whether/how to multiplex HP HARQ-ACK and LP HARQ-ACK in a PUCCH resource if the second PUCCH-Config contains only the first PUCCH resource (for 1- or 2-bit HARQ-ACK information).

UCI compaction
When encoding the LP-UCI, the required # of RBs may exceed the limit of PUCCH formats. In this case, size of the LP-UCI may be reduced. In fact, if the LP-UCI is HARQ-ACK information, so rather than dropping some part of HARQ-ACK information, it would be better to bundle some part of HARQ-ACK information. For HARQ-ACK bundling, we need to decide which HARQ-ACK bits would be bundled. For example, consider the case where 10 bits for HARQ-ACK information are needed to be bundled into 5 bits. One scheme is to bundle adjacent 2 bits into a 1 bit. The other is to bundle the last 6 bits into a 1 bit. Both schemes can be bundled into 5 bits, but the performance can be different depending on the states of the HARQ-ACK information. For example, in the first way to bundle adjacent 2 bits into 1bit, the poor performance would be expected for the case with the lower correlation of adjacent 2 bits. So, it should be further studied in RAN1 how to bundle HARQ-ACK information. 
· Proposal 5: If the required # of RBs for low-priority HARQ-ACK information exceed the limit of PUCCH formats, then bundle the low-priority HARQ-ACK information. Detail bundling rules should be further discussed in Rel-17 URLLC/IIoT WI. 

LP HARQ-ACK + HP HARQ-ACK=2
Encoding of HP-HARQ and LP-HARQ in PF0/PF1
If the total bit-length of LP-HARQ and HP-HARQ is no more than 2 bits, then one of PF0 or PF1 is used to transmit LP-HARQ and HP-HARQ. In this case, the issue is how to multiplex 2 HARQ-ACK bits with or without SR in PF0 or PF1. Before describing each case, the proposed rule is summarized as follows: 
· Reuse Rel-15 multiplexing rule as much as possible to minimum specification impacts.
· Ensure higher reliability to HP-HARQ than LP-HARQ. For PF0, the reliability is measured as the minimum CS distance. 
· Minimize reserved resource for multiplexing of different priorities.
· HP-HARQ transmission should be robust to DTX of LP-HARQ (i.e., miss the reception of a DCI format scheduling LP-HARQ)

Case 1) Multiplexing LP HARQ-ACK and HP HARQ-ACK in a PUCCH format 0 or 1
In the last RAN1#104-e meeting, the following proposal for multiplexing 1-bit LP HARQ-ACK and 1-bit HP HARQ-ACK was discussed but not it did not be reached to agreements. 
	[bookmark: _Hlk68615329]Proposal in R1-2101842 [3]
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2 bits, 
· For multiplexing on a PUCCH format 0, down-select from following options:
· Option 1: Treat the two bits as HARQ-ACK bits with HP priority and using R15 mapping rules.
· Option 2: Support HARQ-ACK values to CS indices mapping with unequal distance between mapped CS indices.
· For multiplexing on a PUCCH format 1, down-select from following options:
· Option 1: Treat the two bits as HARQ-ACK bits with HP priority and using R15 mapping rules.
· Option 2: Support transmit the 2-bits HARQ-ACK values via two orthogonal sequences S1 and S2.
· S1 and S2 are generated based on the same base sequence S with different CS indices CS1 and CS2.
· 1-bit is transmitted via sequence selection between S1 and S2, while the other bit is transmitted using the selected sequence following legacy Rel-15 PF1 with 1-bit payload. 
· gNB can signal either HP 1-bit or LP 1-bit is transmitted via sequence selection.


To multiplex with 1-bit LP-HARQ and 1-bit HP-HARQ in PF0, Rel-15 multiplexing rule can be used, where CS=0, 3, 6, 9 is used to indicate 4 states, (HP-HARQ, LP-HARQ) = (NACK, NACK), (NACK, ACK), (ACK, ACK), (ACK, NACK), respectively. Figure 1-(a) shows CS mapping of 2-bit HARQ-ACK in Rel-15. The minimum CS distance between NACK and ACK of HP-HARQ is 3 (for example CS=3 and CS=6). 
One important point is that a UE may miss the reception of a DCI format indicating the 1-bit LP-HARQ transmission. In this case, the UE may transmit 1-bit HP-HARQ using CS=0 for HP-HARQ = NACK or CS=6 for HP-HARQ = ACK. If the UE transmits CS=6 for HP-HARQ=ACK, the gNB decides (HP-HARQ, LP-HARQ)=(ACK, ACK). For this case, DTX-to-ACK error occurs for LP-HARQ. To address this issue, the new CS mapping can be considered as shown in Figure 1-(b). In the new CS mapping, the minimum CS distance between NACK and ACK of HP-HARQ is kept as 3 (for example CS=3 and CS=6), so the reliability of HP-HARQ is same as in the case using Rel-15 CS mapping rule. 
To achieve higher reliability for HP-HARQ, it is proposed to use an unequal CS distance, which is illustrated in Figure 1-(c). Compared to Figure 1-(a) and 1-(b), the minimum CS distance between NACK and ACK of HP-HARQ is improved to 5. However, to use such an unequal CS distance makes it hard to multiplex different UEs in the same PRB because the different UEs use 4 CSs with an equal CS distance.
[image: ]
Figure 1. CS mapping for 1-bit LP-HARQ and 1-bit HP-HARQ (Case 1)

To multiplex with 1-bit LP-HARQ and 1-bit HP-HARQ in PF1, it is also enough to reuse Rel-15 multiplexing rule, where 1-bit LP-HARQ and 1-bit HP-HARQ is modulated as a QPSK symbol and it is transmitted on PF1 which is indicated by the last DCI format. 
· Proposal 6: 
· To multiplex with 1-bit LP-HARQ and 1-bit HP-HARQ in PF0, use the new CS mapping.
· CS=0, 3, 6, 9 for (HP-HARQ, LP-HARQ)=(NACK, NACK), (NACK, ACK), (ACK, NACK), (ACK,ACK), respectively
· To multiplex with 1-bit LP-HARQ and 1-bit HP-HARQ in PF1, reuse Rel-15 multiplexing rules without modification.

Case 2) Multiplexing LP HARQ-ACK and HP SR in a PUCCH format 0 or 1
Case 2-1) HP SR with PF0 and LP HARQ-ACK with PF0
	Agreements at RAN1#104-e: [2]
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis):
  Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
  Opt.1a: The UE does not transmit negative SR.
  Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
  Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
  FFS: whether with power boost to transmit multiplexed payload or not.
  Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
  Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
  Opt.2b: Using 4 CS values as for SR+1-bit HARQ-ACK in Rel-15/16. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
  Opt.2c: 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.
  Opt.3: No enhancement over Rel-16.
  Other options not excluded.
  FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?


In Rel-15, when a PUCCH carrying SR with PF0 overlaps with a PUCCH carrying HARQ-ACK with PF0, then SR and HARQ-ACK are multiplexed into the PUCCH carrying HARQ-ACK. This method can be directly reused for multiplexing HP-SR with PF0 and LP-HARQ with PF0. 
To multiplex 1 HP-SR with PF0 and 1-bit LP-HARQ with PF0, it is enough to reuse the CS mapping rule defined in Rel-15, where CS=0, 3, 6, 9 is used to indicate 4 states (LP-HARQ, HP-SR) = (NACK, negative SR), (NACK, positive SR), (ACK, negative SR), and (ACK, positive SR), respectively. Note that the minimum CS distance between negative SR and positive SR of HP-SR is 3, which is quite large to ensure the reliability of HP-SR. 
To multiplex with 1 HP-SR with PF0 and 2-bit LP-HARQ in PF0, the Rel-15 CS mapping rule can be also used, where CS=0, 3, 6, 9 is used to indicate 2-bit LP-HARQ with negative SR, and CS=1, 4, 7, 10 is used to indicate 2-bit LP-HARQ with positive SR as shown in Figure 2-(a). In this case that the minimum CS distance between negative SR and positive SR of HP-SR is 1 (for example CS=0 and CS=1) and the minimum CS distance between ACK and NACK of LP-HARQ is 2 (for example CS=1 and CS=3) Thus, the LP-HARQ is more robust than the HP-SR, which cannot be suitable to protect HP-SR reliability. A simple way is to swap the CS positions of LP-HARQ and HP-SR. For example, CS=0, 3, 6, 9 is used to indicate 1-bit (MSB) LP-HARQ and HP-SR if 1-bit (LSB) LP-HARQ is NACK, and CS=1, 4, 7, 10 is used to indicate 1-bit (MSB) LP-HARQ and HP-SR if 1-bit (LSB) LP-HARQ is ACK, which is shown in Figure 2-(b). Based on this CS mapping, the HP-SR reliability can be higher than LP-HARQ. In addition, to achieve higher HP-SR reliability and reduce CS overheads, we can also consider bundling of 2-bit LP HARQ-ACK, where 1 HP-SR and 1-bit bundled LP-HARQ can be multiplexed by the same way of 1 HP-SR and 1-bit LP-HARQ. 
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자동 생성된 설명]
Figure 2. CS mapping for 2-bit LP-HARQ and 1 HP-SR

· Proposal 7: To multiplex with HP-SR with PF0 and LP-HARQ with PF0, we propose 
· If HP-SR is negative, then transmit LP-HARQ on HARQ-ACK resource.
· In case of 1-bit LP-HARQ, use 2 CSs, i.e., {0, 6} CS index
· In case of 2-bit LP-HARQ, use 4 CSs, i.e., {0, 3, 6, 9} CS index 
· If HP-SR is positive, then transmit LP-HARQ and HP-SR on HARQ-ACK resource
· In case of 1-bit LP-HARQ, use 2 CSs, i.e., {3, 9} CS index
· In case of 2-bit LP-HARQ, use 4 CSs, i.e., {1, 4, 7, 11} CS index 
· To enhance HP-SR reliability, 2-bit LP-HARQ can be bundled to 1-bit and then the 1-bit bundled LP-HARQ is treated as 1-bit LP-HARQ, i.e., use 2 CSs, {3, 9} CS index . 

Case 2-2) HP SR with PF0 and LP HARQ-ACK with PF1
In Rel-15, it was not allowed to multiplex SR with PF0 and HARQ-ACK with PF1 in a PUCCH resource. So, it needs to define a new multiplexing rule to support multiplexing of HP-SR with PF0 and LP-HARQ with PF1. In the last RAN1#104-e meeting, several options were listed [2]. 
	Agreements at RAN1#104-e: [2]
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, further study the following options (proponents are encouraged to provide more details and analysis):
  Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
  Opt.1a: The UE does not transmit negative SR.
  Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
  Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
  FFS: whether with power boost to transmit multiplexed payload or not.
  Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
  Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
  Opt.2b: Applying QPSK for SR+1-bit HARQ-ACK. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
  FFS on conditions of multiplexing.
  Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
  Opt.4: For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
  Opt.5: No enhancement over Rel-16.
  Other options not excluded.
  FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?


Option 1 is to use the HP-SR resource for multiplexing with positive HP-SR and LP-HARQ. To support Option 1, a gNB should reserve some of CSs in PF0 for the HP-SR, because the gNB does not know whether the UE transmits positive HP-SR or not. If the UE transmits negative HP-SR, then the reserved CSs in PF0 would be wasted so that this option is not preferred in terms on UL resource efficiency. 
Option 2 is to use the LP-HARQ resource for multiplexing with HP-SR and LP-HARQ. Again, in Option 2a, 1 PRB (based on the offset) should be reserved as in Option 1. So, Option 2a is also not preferred in terms of UL resource efficiency. In Option 2b, the HP-SR and the 1-bit LP HARQ-ACK are multiplexed by modulating to QPSK symbol and transmitted via PF1 for the LP HARQ-ACK and for the case of 2-bit LP HARQ-ACK, the LP-HARQ is reduced/compressed to 1-bit. Since this option 2b does not require any reserved resources, it is preferred in terms of UL resource efficiency. 
Option 3 requires blind detection at the gNB side to detect positive or negative SR on separate PUCCH resource. In fact, such a blind detection was used in Rel-15 multiplexing SR with PF1 and HARQ-ACK with PF1. However, contrary that Rel-15 where two PUCCH resources is PF1, one PUCCH resource is PF0 and another PUCCH resource is PF1. Therefore, it is unclear how to blindly detect two separately different PUCCH formats and its performance. 
Option 4 does not multiplex with HP-SR and LP-HARQ so that it should be avoided. 
Based on this discussion, we propose to support Option 2b for multiplexing with HP-SR with PF0 and LP-HARQ with PF1. 
· Proposal 8: We propose to support Option 2b for multiplexing with HP-SR with PF0 and LP-HARQ with PF1.
· To multiplex with HP-SR with PF0 and LP-HARQ with PF1, use the HARQ-ACK resource. 
· Applying QPSK for SR+1-bit HARQ-ACK. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.

Case 2-3) HP SR with PF1 and LP HARQ-ACK with PF0
	Agreements at RAN1#104-e: [2]
When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis):
  Opt.1: The SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
  Opt.1a: For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 1 for SR. The value of cyclic shift of sequence, i.e., , of this PUCCH format 1 is determined by HARQ-ACK, and the bit, i.e., b(0), of this PUCCH format 1 is determined by SR. For negative SR, the UE transmits only a PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.
  Opt.1b: SR and HARQ-ACK are multiplexed and modulated to be transmitted on the SR resource
  Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
  Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
  Opt.2b: Using 4 CS values as for SR+1-bit HARQ-ACK in Rel-15/16. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
  Opt.2c: 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.
  Opt.2d: HP SR and LP HARQ-ACK are multiplexed by the Rel-15 cyclic shift only if latency requirement for HP SR is met. Otherwise, drop the LP HARQ-ACK and only transmit the HP SR on its resource.
  Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
  Opt.4: No enhancement over Rel-16.
  Other options not excluded.
  FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?


In Rel-15, when a PUCCH carrying SR with PF1 overlaps with a PUCCH carrying HARQ-ACK with PF0, then SR and HARQ-ACK are multiplexed into the PUCCH carrying HARQ-ACK. To strive for common design, the multiplexing method proposed in Case 2-1 can be directly used for multiplexing HP SR with PF1 and LP HARQ-ACK with PF0. 
· Proposal 9: To multiplex with HP-SR with PF1 and LP-HARQ with PF0, reuse multiplexing rule for HP-SR with PF0 and LP-HARQ with PF0.

2 PUCCH vs PUSCH
[image: ]
Figure 3. Multiplexing UCIs with different priorities in a PUSCH

At the RAN1#102-e meeting, it was agreed to support multiplexing of HP-HARQ on PUCCH with LP-PUSCH (with UL-SCH + A/N and/or CSI), and multiplexing of LP-HARQ on PUCCH with HP-PUSCH (with UL-SCH + A/N and/or CSI). Consequently, HP/LP-PUSCH may contain LP-HARQ and HP-HARQ. 
In this case, we need to answer the following questions. 
· Q1) How to indicate the presence of LP-HARQ and/or HP-HARQ to be multiplexed?
· Q2) How to indicate “beta offset” for LP-HARQ and/or HP-HARQ?

Regarding Q1, the presence of HARQ-ACK information is determined by UL-DAI value in a DCI format scheduling PUSCH transmission. In case of Type-1 HARQ-ACK codebook, 1-bit UL DAI value indicates the presence of Type-1 HARQ-ACK codebook. In case of Type-2 HARQ-ACK codebook, 2-bit UL DAI value indicates the presence and size of Type-2 HARQ-ACK codebook. The case where LP-HARQ and HP-HARQ are multiplexed with a PUSCH, at least two UL-DAI values should be contained in a DCI format scheduling the PUSCH. For example, when LP-UCI is configured with Type-1 HARQ-ACK codebook and HP-UCI is configured with Type-2 HARQ-ACK codebook, the DCI format scheduling PUSCH transmission should contain two UL-DAI values, one is 1-bit UL DAI for LP-UCI and the other is 2-bit UL DAI for HP-UCI. 
Regarding Q2, two beta offset indicators are necessary in a DCI format scheduling PUSCH transmission similar to Q1 case. Here, one beta offset indicator indicates the beta offset value for LP-UCI and the other beta offset indicator indicates the beta offset value for HP-UCI. Without two beta offset indicators, the UE cannot dynamically determine the number of modulation symbols for LP-HARQ and HP-HARQ. For example, if a single beta offset indicator is indicated by the DCI format scheduling PUSCH transmission, then the UE can dynamically determine the number of modulation symbols for one priority and semi-statically determine the number of modulation symbols for another priority. 
· Proposal 10: In case of HP-PUSCH or LP-PUSCH contains LP-HARQ and HP-HARQ, it should be discussed how to indicate the presence of LP-HARQ and/or HP-HARQ to be multiplexed and “beta offset” for LP-HARQ and/or HP-HARQ.

3 Conclusion
In this contribution, intra-UE multiplexing and prioritization were discussed, and the following was proposed:
· Proposal 1: We prefer to support the separate encoding for multiplexing UCIs of different priorities in a PUCCH. 
· Proposal 2: For multiplexing HARQ-ACK information with different priorities, TDM-ed mapping can be used to map UCIs with two priorities in a PUCCH. 
· The HARQ-ACK information with higher priority is mapped to the symbols preceding symbols for the HARQ-ACK information with lower priority.
· Proposal 3: We propose to configure two maximum code rates per PUCCH format in the second PUCCH-Config, one for LP-UCI and the other for HP-UCI.
· Proposal 4: Further discuss whether/how to multiplex HP HARQ-ACK and LP HARQ-ACK in a PUCCH resource if the second PUCCH-Config contains only the first PUCCH resource (for 1- or 2-bit HARQ-ACK information).
· Proposal 5: If the required # of RBs for low-priority HARQ-ACK information exceed the limit of PUCCH formats, then bundle the low-priority HARQ-ACK information. Detail bundling rules should be further discussed in Rel-17 URLLC/IIoT WI. 
· Proposal 6: 
· To multiplex with 1-bit LP-HARQ and 1-bit HP-HARQ in PF0, use the new CS mapping.
· CS=0, 3, 6, 9 for (HP-HARQ, LP-HARQ)=(NACK, NACK), (NACK, ACK), (ACK, NACK), (ACK,ACK) respectively
· To multiplex with 1-bit LP-HARQ in PF1 and 1-bit HP-HARQ in PF1, reuse Rel-15 multiplexing rules without modification.
· Proposal 7: To multiplex with HP-SR with PF0 and LP-HARQ with PF0, we propose, 
· If HP-SR is negative, then transmit LP-HARQ on HARQ-ACK resource.
· In case of 1-bit LP-HARQ, use 2 CSs, i.e., {0, 6} CS index
· In case of 2-bit LP-HARQ, use 4 CSs, i.e., {0, 3, 6, 9} CS index 
· If HP-SR is positive, then transmit LP-HARQ and HP-SR on HARQ-ACK resource
· In case of 1-bit LP-HARQ, use 2 CSs, i.e., {3, 9} CS index
· In case of 2-bit LP-HARQ, use 4 CSs, i.e., {1, 4, 7, 11} CS index 
· To enhance HP-SR reliability, 2-bit LP-HARQ can be bundled to 1-bit and then the 1-bit bundled LP-HARQ is treated as 1-bit LP-HARQ, i.e., use 2 CSs, {3, 9} CS index . 
· Proposal 8: We propose to support Option 2b for multiplexing with HP-SR with PF0 and LP-HARQ with PF1.
· To multiplex with HP-SR with PF0 and LP-HARQ with PF1, use the HARQ-ACK resource. 
· Applying QPSK for SR+1-bit HARQ-ACK. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
· Proposal 9: To multiplex with HP-SR with PF1 and LP-HARQ with PF0, reuse multiplexing rule for HP-SR with PF0 and LP-HARQ with PF0.
· Proposal 10: In case of HP-PUSCH or LP-PUSCH contains LP-HARQ and HP-HARQ, it should be discussed how to indicate the presence of LP-HARQ and/or HP-HARQ to be multiplexed and “beta offset” for LP-HARQ and/or HP-HARQ.
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