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1 Introduction
In this contribution, we discuss remaining issues such as details for multiplexing UCIs of different priorities in a PUCCH and for multiplexing UCIs of different priorities in a PUSCH.

[bookmark: OLE_LINK71][bookmark: OLE_LINK72]Multiplexing UCIs of different priorities in a PUCCH
The total # bits of {LP HARQ-ACK + HP HARQ-ACK} > 2
[bookmark: OLE_LINK69]HP-UCI and LP-UCI mapping in a PUCCH format 2/3/4
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. 
In Rel-15, these PUCCH format 3/4 support two separate coded UCIs, where the first coded UCI includes HARQ-ACK, SR and CSI part 1 and where the second UCI includes CSI part 2. The first coded UCI has higher priority than the second coded UCI so that the first coded UCI is mapped to symbols adjacent to DMRS symbols. For example, Figure 1 shows PUCCH format 3 where the first UCI occupies 100 REs and the second UCI occupies 44 REs. 
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Figure 1. RE mapping of PUCCH format 3 (1 RB and 14 symbols)
 To multiplex LP HARQ-ACK and HP HARQ-ACK, the mapping rule of PUCCH format 3/4 in Rel-15 can be reused. Here, the first coded UCI includes HP HARQ-ACK and the second coded UCI includes LP HARQ-ACK. Based on Figure 1, the mapping rule of PUCCH format 3/4 in Rel-15 is enough to provide higher reliability, but it may result in longer latency to HP HARQ-ACK due to the HP HARQ-ACK is mapped to later symbols. For example, 100 REs for HP HARQ-ACK can be mapped to all REs in OFDM symbol 0/1/2/4/5/6/7/8 and 4 REs in OFDM symbol 9, which can reduce latency to HP HARQ-ACK of 4 symbols (ending OFDM symbol is changed from 13 to 9).
· Proposal 1: For PUCCH format 3/4, 
· To maximize reliability of HP HARQ-ACK, the mapping rule of PUCCH format 3/4 in Rel-15 can be reused, i.e., the HP HARQ-ACK is mapped to adjacent symbols to DMRS symbols.
· To minimize latency of HP HARQ-ACK, the HP HARQ-ACK can be mapped to earlier symbols. 
In Rel-15, PUCCH format 2 cannot support multiplexing of two separate coded UCIs. It seems beneficial to support multiplexing of LP HARQ-ACK and HP HARQ-ACK in a PUCCH format 2 because the PUCCH format 2 would be suitable not only for small latency services but also for 2-symbol sub-slot PUCCH configuration. Therefore, it would be necessary to introduce a new mapping rule of PUCCH format 2 for multiplexing of LP HARQ-ACK and HP HARQ-ACK. Since PUCCH format 2 has one or two OFDM symbols, there are no rooms to reduce latency of HP HARQ-ACK. To maximize reliability of HP HARQ-ACK, it would be better to map the HP HARQ-ACK across RBs in a distributed manner, i.e., HP HARQ-ACK is distributed to REs across RBs as much as possible. 
· Proposal 2: For PUCCH format 2,
· Support PUCCH format 2 to multiplex LP HARQ-ACK and HP HARQ-ACK 
· To maximize reliability of HP HARQ-ACK, the HP HARQ-ACK is distributed to REs across RBs as much as possible. 

UCI compaction
When encoding the LP-UCI, the required # of RBs may exceed the limit of PUCCH formats. In this case, a size of the LP-UCI may be reduced. In fact, if the LP-UCI is HARQ-ACK information, 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 scheme is to bundle the last 6 bits into 1 bit. Both schemes can bundle into 5 bits, but the performance can be different depending on the states of the HARQ-ACK information. For example, in the first scheme of bundling adjacent 2 bits into 1 bit, the poor performance would be expected for the case with the lower correlation of adjacent 2 bits.
· Proposal 3: If the required # of RBs for low-priority HARQ-ACK information exceeds the limit of PUCCH formats, then bundle the low-priority HARQ-ACK information. 

The total # bit of {LP HARQ-ACK + HP HARQ-ACK} = 2
Encoding of HP HARQ-ACK and LP HARQ-ACK in PF0/PF1
If the total bit-length of LP HARQ-ACK and HP HARQ-ACK is no more than 2 bits, then one of PF0 or PF1 is used to transmit LP HARQ-ACK and HP HARQ-ACK. In this case, the issue is how to multiplex 2 HARQ-ACK bits with or without SR in PF0 or PF1. At the previous RAN1#105-e meeting, the following was agreed for the case of multiplexing LP HARQ-ACK and HP-HARQ-ACK in a PF0 or PF1.
	Agreements at RAN1#105-e meeting: 
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, treat the two bits as HARQ-ACK bits with High priority.
· Rel-15 design (for PF0 and PF1) is baseline.


In this section, we describe the remaining cases except for the case of multiplexing LP HARQ-ACK and HP-HARQ-ACK in a PF0 or PF1, and we provide our views on each case of remaining cases.

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: [1]
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-ACK with PF0. 
To multiplex 1-bit HP-SR with PF0 and 1-bit LP HARQ-ACK 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-ACK, 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 1-bit HP-SR with PF0 and 2-bit LP HARQ-ACK 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-ACK with negative SR, and CS=1, 4, 7, 10 is used to indicate 2-bit LP HARQ-ACK with positive SR as shown in Figure 2-(a). In this case, 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-ACK is 2 (for example CS=1 and CS=3). Thus, the LP HARQ-ACK 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-ACK and HP-SR. For example, CS=0, 3, 6, 9 is used to indicate 1-bit (MSB) LP HARQ-ACK and HP-SR if 1-bit (LSB) LP HARQ-ACK is NACK, and CS=1, 4, 7, 10 is used to indicate 1-bit (MSB) LP HARQ-ACK and HP-SR if 1-bit (LSB) LP HARQ-ACK is ACK, which is shown in Figure 2-(b). Based on this CS mapping, the HP-SR reliability can be higher than LP HARQ-ACK. 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-ACK can be multiplexed by using the same way of 1 HP-SR and 1-bit LP HARQ-ACK. 
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Figure 2. CS mapping for 2-bit LP HARQ-ACK and 1 HP-SR
· Proposal 4: To multiplex HP-SR with PF0 and LP HARQ-ACK with PF0, we propose 
· If HP-SR is negative, then transmit LP HARQ-ACK on HARQ-ACK resource.
· In case of 1-bit LP HARQ-ACK, use 2 CSs, i.e., {0, 6} CS index
· In case of 2-bit LP HARQ-ACK, use 4 CSs, i.e., {0, 3, 6, 9} CS index 
· If HP-SR is positive, then transmit LP HARQ-ACK and HP-SR on HARQ-ACK resource
· In case of 1-bit LP HARQ-ACK, use 2 CSs, i.e., {3, 9} CS index
· In case of 2-bit LP HARQ-ACK, use 4 CSs, i.e., {1, 4, 7, 11} CS index 
· To enhance HP-SR reliability, 2-bit LP HARQ-ACK can be bundled to 1-bit and then the 1-bit bundled LP HARQ-ACK is treated as 1-bit LP HARQ-ACK, 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-ACK with PF1. In the RAN1#104-e meeting, several options were listed [2]. 
	Agreements at RAN1#104-e: [1]
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 positive HP-SR and LP HARQ-ACK. 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-ACK resource for multiplexing HP-SR and LP HARQ-ACK. 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-ACK 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 to the Rel-15 where two PUCCH resources are 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 HP-SR and LP HARQ-ACK so that it should be avoided. 
Based on the above discussions, we propose to support Option 2b for multiplexing HP-SR with PF0 and LP HARQ-ACK with PF1. 
· Proposal 5: We propose to support Option 2b for multiplexing HP-SR with PF0 and LP HARQ-ACK with PF1.
· To multiplex HP-SR with PF0 and LP HARQ-ACK 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: [1]
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 reused for multiplexing HP SR with PF1 and LP HARQ-ACK with PF0. 
· Proposal 6: To multiplex HP-SR with PF1 and LP HARQ-ACK with PF0, reuse multiplexing rule for HP-SR with PF0 and LP HARQ-ACK with PF0.

Multiplexing UCIs of different priorities in a PUSCH
Configuration of UL-DAI
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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-ACK on PUCCH with LP-PUSCH (with UL-SCH + A/N and/or CSI), and multiplexing of LP HARQ-ACK on PUCCH with HP-PUSCH (with UL-SCH + A/N and/or CSI). Consequently, HP/LP-PUSCH may contain LP HARQ-ACK and HP HARQ-ACK. 
In this case, we need to answer the following questions. 
· Q1) How to indicate the presence of LP HARQ-ACK and/or HP HARQ-ACK to be multiplexed?

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 the size of Type-2 HARQ-ACK codebook. The case where LP HARQ-ACK and HP HARQ-ACK 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. 
· Proposal 7: In case of HP-PUSCH or LP-PUSCH contains LP HARQ-ACK and HP HARQ-ACK, it should be discussed how to indicate the presence of LP HARQ-ACK and/or HP HARQ-ACK to be multiplexed.

2 Conclusion
In this contribution, we discussed remaining issues such as details for multiplexing UCIs of different priorities in a PUCCH and for multiplexing UCIs of different priorities in a PUSCH. The followings were proposed:
· Proposal 1: For PUCCH format 3/4, 
· To maximize reliability of HP HARQ-ACK, the mapping rule of PUCCH format 3/4 in Rel-15 can be reused, i.e., the HP HARQ-ACK is mapped to adjacent symbols to DMRS symbols.
· To minimize latency of HP HARQ-ACK, the HP HARQ-ACK can be mapped to earlier symbols. 
· Proposal 2: For PUCCH format 2,
· Support PUCCH format 2 to multiplex LP HARQ-ACK and HP HARQ-ACK 
· To maximize reliability of HP HARQ-ACK, the HP HARQ-ACK is distributed to REs across RBs as much as possible. 
· Proposal 3: If the required # of RBs for low-priority HARQ-ACK information exceeds the limit of PUCCH formats, then bundle the low-priority HARQ-ACK information. 
· Proposal 4: To multiplex HP-SR with PF0 and LP HARQ-ACK with PF0, we propose 
· If HP-SR is negative, then transmit LP HARQ-ACK on HARQ-ACK resource.
· In case of 1-bit LP HARQ-ACK, use 2 CSs, i.e., {0, 6} CS index
· In case of 2-bit LP HARQ-ACK, use 4 CSs, i.e., {0, 3, 6, 9} CS index 
· If HP-SR is positive, then transmit LP HARQ-ACK and HP-SR on HARQ-ACK resource
· In case of 1-bit LP HARQ-ACK, use 2 CSs, i.e., {3, 9} CS index
· In case of 2-bit LP HARQ-ACK, use 4 CSs, i.e., {1, 4, 7, 11} CS index 
· To enhance HP-SR reliability, 2-bit LP HARQ-ACK can be bundled to 1-bit and then the 1-bit bundled LP HARQ-ACK is treated as 1-bit LP HARQ-ACK, i.e., use 2 CSs, {3, 9} CS index.
· Proposal 5: We propose to support Option 2b for multiplexing HP-SR with PF0 and LP HARQ-ACK with PF1.
· To multiplex HP-SR with PF0 and LP HARQ-ACK 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 6: To multiplex HP-SR with PF1 and LP HARQ-ACK with PF0, reuse multiplexing rule for HP-SR with PF0 and LP HARQ-ACK with PF0.
· Proposal 7: In case of HP-PUSCH or LP-PUSCH contains LP HARQ-ACK and HP HARQ-ACK, it should be discussed how to indicate the presence of LP HARQ-ACK and/or HP HARQ-ACK to be multiplexed.

References
[1] Final Report of 3GPP TSG RAN WG1 #104-e v1.0.0
[2] Final Report of 3GPP TSG RAN WG1 #104b-e v1.0.0
[3] Final Report of 3GPP TSG RAN WG1 #105-e v1.0.0
[4] Final Report of 3GPP TSG RAN WG1 #106-e v1.0.0
[5] Final Report of 3GPP TSG RAN WG1 #106bis-e v1.0.0
[6] Draft Report of 3GPP TSG RAN WG1 #107-e v0.1.0

image3.png
slot

sub-slot#0 sub-slot#1
LP-PUCCH
(LP-UCI)
HP-PUCCH
(HP-UCI)

HP/LP-PUSCH





image1.png
sub-carrier index

OFDM symbol index

<
Qo Uk W= O

250w

0 1 2 3 4 5 6 7 38 9 10 11
0 1 13 25 [ 37 [ 49 [ 50 [ 51 [ 63 75
2 | 14 26 | 38 52 | 64 76
3 15 27 | 39 53 | 65 77
4 | 16 28 | 40 54 | 66 78
5 17 [ V1] 20 | 41 55 [ 67 [V ] 79
6 |18 [ 30 [ 42 56 [ 68 | & | 80
7 | 19 E 31 | 43 57 | 69 E 81
8 |20 [ ([ 32 [ 44 8|70 ] 8
9 | 21 33 | 45 59 [ 71 83
10 | 22 34 | 46 60 | 72 84
11| 23 35 | 47 61 | 73 85
12 | 24 36 | 48 62 | 74 86

[ 1% UCI (HARQ-ACK/SR/CSI part 1)

[ 27 ucl (CS! part 2)





image2.png
(AA)

(AA+)

(AN-)

HARQ order =
(MSB of LP-HARQ, LSB of LP-HARQ, HP-SR)

(a) Reuse Rel-15 rule
without modification

(A-N)

HARQ order =
(MSB of LP-HARQ, HP-SR, LSB of LP-HARQ)

(b) Reuse Rel-15 rule with swapping
HP-SR and LSB of LP-HARQ




