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1 Introduction

In R1 #104 e-meeting, some agreements are made as follows,

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:
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?

Agreements:
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?

Agreements:
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 this contribution, we discuss the FFS issues on UCI multiplexing and prioritization of DG-PUSCH/CG-PUSCH.  
2 Discussion
2.1 UCI/PUSCH multiplexing conditions
1. Multiplexing timeline 

A working assumption is made in last meeting to reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities. In R15, UE would expect the overlapping channels can satisfy multiplexing timeline, otherwise it is error case. But considering we are now discussion channels with different priorities, so another issue is whether or not to specify a different behavior than Rel-15 when the timeline requirements are not met. From our view, we support this working assumption. And also propose that, the R16 defined dropping behavior can be adopt. That is, when the timeline is not met, HP channels can be transmitted and LP channels is dropped.  
Proposal 1: Confirm the working assumption to reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities.
Proposal 2: When the multiplexing timeline is not met, HP channels can be transmitted and LP channels is dropped.
Another case about multiplexing timeline needs to be discussed is when a LP PUCCH overlaps with more than one HP PUCCHs which are contained in separate subslots. For this case, our understanding is that UCI on the two subslot based HP PUCCH should not be multiplexed together, because multiplexing two HP channels would change their actual transmission time, which cause undesired latency. So for the scenario shown in Fig.2, it is better to just multiplex the LP PUCCH with HP PUCCH(s) from only one subslot, but not to multiplex both the two subslot based HP PUCCH together.  And based on this understanding, we propose that, when a LP PUCCH overlaps with multiple HP PUCCHs contained in multiple subslots, whether multiplexing timeline is met is only determined by the LP PUCCH and HP PUCCH(s) contained in one subslot, rather than by the LP PUCCH and HP PUCCH(s) in all the subslots. And when the LP PUCCH and HP PUCCH(s) contained in a certain subslot can satisfy the multiplexing timeline, the LP PUCCH and HP PUCCH(s) contained in the subslot can be multiplexed together. For the LP PUCCH and HP PUCCH(s) contained in a certain subslot that can not satisfy the multiplexing timeline, the LP PUCCH and HP PUCCH(s) contained in the subslot can not be multiplexed together. For example, in Fig.2, if LP PUCCH 0 and HP PUCCH 1 in subslot 0 can satisfy the multiplexing timeline while LP PUCCH 0 and HP PUCCH 2 in subslot 1 can not, then LP PUCCH 0 and HP PUCCH 1 in subslot 0 will be multiplexed together, and HP PUCCH 2 in subslot 1 will be transmitted alone.
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Fig.2
Proposal 3: When a LP PUCCH overlaps with multiple HP PUCCHs contained in multiple subslots, whether multiplexing timeline is met is only determined by the LP PUCCH and HP PUCCH(s) contained in one subslot, rather than by the LP PUCCH and HP PUCCH(s) in all the subslots.
2. Multiplexing rules
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, three options are discussed, joint coding, separate coding and combination of the two. For joint decoding, it is simple and the current multiplexing scheme can be reused as much as possible. But since only one coding rate is used for joint coding, the UE must either sacrifice the reliability of the HP UCI if a high coding rate is selected, or provide an over-designed reliability for the LP UCI leading to a great resource waste if a low coding rate is selected. While as separate coding can provide distinguished latency/reliability protections for UCIs of different priorities but is more complex for UE decoding, and new resource determination and mapping rules also needs to be specified.
Form our opinion, joint decoding is preferred since its simplicity. Resource waste caused by over-designed reliability for the LP UCI is not of much impact especially when traffic load is not heavy, which is a typical case in real network. And we can always switch to prioritization/dropping rules defined in R16 if we want to guarantee HP UCI when traffic load is heavy.

Proposal 4: Support joint decoding for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH.

For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, it is already agreed to use a PUCCH resource in the second PUCCH-Config at least in case the total number of LP and HP HARQ-ACK bits is more than 2. As to configure dedicated resources for multiplexing of HP HARQ-ACK and LP HARQ-ACK, we don’t see clear benefit, since a lower coding rate/ higher priority can already be guaranteed by choosing a PUCCH resource in the second PUCCH-Config. And additionally, configuring dedicated resources for multiplexing can not necessarily guarantee desired latency either.
And for the case when the total number of LP and HP HARQ-ACK bits is 2, we suggest to reuse the above rule of choosing the a PUCCH resource in the second PUCCH-Config to keep specification integrity. And more specifically, in this case, the PUCCH resources of HP HARQ-ACK, along with its corresponding format, should be adopted as the resource for multiplexing.

Proposal 5: Configuring dedicated resources for multiplexing of HP HARQ-ACK and LP HARQ-ACK is not necessary.
Proposal 6: When the total number of LP and HP HARQ-ACK bits is 2, PUCCH resource of the HP HARQ-ACK should be adopted as the resource for multiplexing.

When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, our preference is Opt1 and Opt 1c, that is SR and HARQ-ACK are multiplexed and transmitted on the SR resource, being the SR positive or negative. This solutions has the benefit that gNB only need to try to receive and decode UCI in one PUCCH resource, other than try to receive and decode UCI on two different PUCCHs base on positive/negative SR assumptions. And compared to Opt 2, transmitting multiplexed UCI on HP SR PUCCH can guarantee the latency of SR.
As to whether power boosting is needed to transmit multiplexed payload, we don’t think it is necessary. Since for multiplexing HARQ-ACK and SR channels both with high priorities, currently we don’t have any power boosting enhancement, so it’s not recommend to do power boosting only for HP SR and LP HARQ-ACK multiplexing, unless we decide to do enhancement for both cases, which needs further justification anyhow.  

For the case a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, it is very similar case as the above. Our preference is also Opt1 and Opt 1c. And power boosting is not necessary for the same reason.
Proposal 7: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/PF1, support Opt1 and Opt 1c.
Proposal 8: Power boosting is not needed to transmit multiplexed payload for HP SR and LP HARQ-ACK. 

For the case when a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, the same solution as the case above, that is the SR and HARQ-ACK are multiplexed and transmitted on the SR resource , being the SR positive or negative, is still applicable, but only for 1 bit LP HARQ-ACK. Since for HP SR with PF1, the corresponding PUCCH resource can only carry 2 bits. That means if the LP HARQ-ACK with PF0 is only 1 bit, the multiplexed UCI is 2 bits in total, so the HP SR with PF1 and LP HARQ-ACK with PF0 can be transmitted on HP SR PUCCH with PF1. However, if the LP HARQ-ACK with PF0 is 2 bits, the multiplexed UCI is 3 bits in total, so the multiplexed UCI can not, at least directly, be transmitted on HP SR PUCCH with PF1. 
To achieve a simple and unified solution, we support Opt 3, that is, for positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
Proposal 9: when a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, support Opt 3, that is, for positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
3. Multiplexing enabler

It is agreed in last meeting to support a mechanism for gNB to enable/disable the multiplexing HP and LP HARQ-ACK, HARQ-ACK and PUSCH of different priorities. Detailed methods such as DCI indication and/or RRC configuration/ beta_offset, can be further discussed. In our opinion, whether UE can only support R16 prioritization/dropping rule, or can also do multiplexing as will be defined in R17 should be a UE capability, and should be reported to gNB. For UE with the capability of supporting multiplexing, to enable/disable the multiplexing of channels of different priorities in a dynamic way is not necessary and may even cause disorder at UE side. For example, in Fig.3, if DCI for HP HARQ-ACK1 indicates to disable multiplexing, that means LP HARQ-ACK3 should be dropped, while as DCI for HP HARQ-ACK2 indicates to enable multiplexing, that means LP HARQ-ACK3 should be multiplexed with HP HARQ-ACK2, then what should be the UE behaviour? So for enabling/disabling multiplexing of channels of different priorities, a semi-static configuration is preferred.
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Fig.3

Proposal 10: For enabling/disabling multiplexing of channels of different priorities, semi-static configuration is preferred. 
4. HP SR on LP PUSCH
For MAC entity, a logical channel can be configured with a priority and its corresponding max-PUSCHduration, that means if the scheduled PUSCH length in the UL grant exceeds the max-PUSCHduration, then the PUSCH cannot be used to convey data from the logic channel. So for some high priority logical channel, it is necessary to send its corresponding SR to gNB to get PUSCH resource assignments in time.
In R16, if a high priority SR(HP SR) overlaps with LP PUSCH, LP PUSCH will be dropped. In R17 solutions for multiplexing should be studied to enhance LP PUSCH performance. A possible way can be treating HP SR as HARQ-ACK bit or CSI bit and multiplex it to LP PUSCH using the R15 method. However, considering the fact that HP SR is only one RB in frequency and typically one or two symbols in time, it is possible to puncture the LP PUSCH directly in the overlapping time-frequency resource to transmit SR-PUCCH. Compared to multiplexing on LP PUSCH, direct puncture would not affect the original timing of SR.
Proposal 11: Solutions such as direct puncture or treating HP SR as HARQ-ACK/CSI bit in multiplexing can be considered for HP SR on LP PUSCH.
5. Multiplexing order
In R16, The following agreement about multiplexing order was made in RAN1#99: 

Agreement

To resolve collision between UL transmissions, a UE performs the following: 

· Step 1: Resolve collision between UL transmissions with same priority. 

· Step 2: Resolve collision between UL transmissions with different priorities.

Contribution R1-2002545 proposed a scenario which the above agreement seems not applicable, described as Fig 2 below, after UE receive HP DCI2, UE would start cancelling the low priority PUSCH instead of waiting for the HP DCI3. 
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Fig.2 UCI/PUSCH overlapping of different priorities

And proposed the following UE behaviour,
· If a UE determines to transmit

·  a first PUCCH of larger priority index in response to a first PDCCH, the first PUCCH overlaps with a second PUCCH or a PUSCH of smaller priority index,

·  a PUSCH of larger priority index scheduled by a second PDCCH after the first PDCCH, and the UE would multiplex the UCI of the first PUCCH on the PUSCH of larger priority index,

· The UE cancels the second PUCCH or the PUSCH of smaller priority index as described above.

We understand the reason behind this proposal is that UE may not be able to wait until all the DCIs scheduling high priority PUCCH/PUSCH to start cancelling. A very nature and reasonable UE behaviour is to start cancelling after receiving the first DCI scheduling a high priority PUCCH, since UE would not be able to know whether there is upcoming high priority DCI or not.

Here we propose another similar scenario, as depicted in Fig.3. A first DCI1 schedules low priority PUSCH1, a second DCI2 schedules a PDSCH corresponding to high priority HARQ-ACK2, and a third DCI3 schedules a PDSCH corresponding to low priority HARQ-ACK3. Following the RAN1#99 agreement, UE would have to wait for the DCI3 to schedule HARQ-ACK3 and multiplex HARQ-ACK3 to PUSCH1 since they are both low priority. But at the point when DCI2 is received, it is impossible for UE know there will be DCI 3. So After receiving DCI2, it is nature for UE to start cancelling PUSCH1.
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Fig.3 UCI/PUSCH overlapping of different priorities

Our observation is that, UE just need to do multiplexing/cancelling in a “first come first process” manner. UE may receive multiple DCIs scheduling PUSCH/HARQ-ACK overlapped in a slot, and UE would do 

Step1, multiplexing/cancelling based on the first two received DCIs, and then if there are a third DCI scheduling an overlapping channel in the same slot, 

Step2, UE will do multiplexing/cancelling for the outcome channel of Step 1and the overlapping channel scheduled by the third DCI. 

And this process can go on to tackle all the overlapping channels in the slot. The R16 agreement in RAN1#99,from our point of view, is in some cases not applicable. And we propose to do multiplexing/cancelling in a “first come first process” manner.

 Proposal 12: The R16 agreement about multiplexing/cancelling order is not applicable in some cases and needs to be reconsidered. It is more nature for UE to operate in a“first come first process” manner.
2.2 Prioritization of DG-PUSCH/CG-PUSCH 

From our understanding, even though CG-PUSCH is semi-static configured, no matter it is high or low priority, there may be the case when UE has nothing to transmit on it, hence an empty CG-PUSCH is possible. gNB cannot be sure whether the CG-PUSCH is actually transmitted or not until it has tried to decode the channel. For HP CG-PUSCH typically with shorter periodicity (can be short to 2 symbols), it can be a little difficult to avoid conflict between a CG-PUSCH and DG-PUSCH.
1. HP CG-PUSCH overlaps with LP DG-PUSCH
If there is no actual transmission of UL data on the HP CG-PUSCH, UE can select to transmit the LP DG-PUSCH. Otherwise UE should transmit HP CG PUSCH and cannel the LP DG-PUSCH. Since gNB cannot know in advance whether the HP CG-PUSCH is actually transmitted or not, gNB still has to try to receive and decode both of them. So the case of HP CG-PUSCH overlapping with LP DG-PUSCH should be handled by UE implementation.
Proposal 13: The case of HP CG-PUSCH overlapping with LP DG-PUSCH should be handled by UE implementation.
2. LP CG-PUSCH overlaps with HP DG-PUSCH
It is already agreed to support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell in R17. And the related cancelation behaviour for the PUSCH of lower PHY priority and other details can be further discussed. But in fact, we already have related cancelation behaviour as agreed in RAN1#99 in R16, which can be reused here,
Agreement
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 

· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where

· Tproc,2 is correponding to UE processing time capability for the carrier. 

· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability

· Note: d_2,1=0 is for cancellation

· The minimum processing time of the high priority channel is extended by d2 symbols

· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability

· The overlapping condition is per repetition of the uplink transmission

However, the above agreement may cause a situation that the LP CG PUSCH is not canceled yet when the HP DG PUSCH has already start if d2 is smaller than d1. One simple way to avoid such unwanted case can be always report/configure d2 >=d1.
Proposal 14: For LP CG-PUSCH overlaps with HP DG-PUSCH, related cancelation behaviour for LP CG-PUSCH defined in R16 can be reused.
3 Conclusions

In this contribution, we discuss issues on UCI/PUSCH multiplexing and prioritization of DG-PUSCH/CG-PUSCH.  
Proposal 1: Confirm the working assumption to reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities.
Proposal 2: When the multiplexing timeline is not met, HP channels can be transmitted and LP channels is dropped.
Proposal 3: When a LP PUCCH overlaps with multiple HP PUCCHs contained in multiple subslots, whether multiplexing timeline is met is only determined by the LP PUCCH and HP PUCCH(s) contained in one subslot, rather than by the LP PUCCH and HP PUCCH(s) in all the subslots.
Proposal 4: Support joint decoding for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH.

Proposal 5: Configuring dedicated resources for multiplexing of HP HARQ-ACK and LP HARQ-ACK is not necessary.

Proposal 6: When the total number of LP and HP HARQ-ACK bits is 2, PUCCH resource of the HP HARQ-ACK should be adopted as the resource for multiplexing.

Proposal 7: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/PF1, support Opt1 and Opt 1c.
Proposal 8: Power boosting is not needed to transmit multiplexed payload for HP SR and LP HARQ-ACK. 

Proposal 9: when a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, support Opt 3, that is, for positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
Proposal 10: For enabling/disabling multiplexing of channels of different priorities, semi-static configuration is preferred. 
Proposal 11: Solutions such as direct puncture or treating HP SR as HARQ-ACK/CSI bit in multiplexing can be considered for HP SR on LP PUSCH.
Proposal 12: The R16 agreement about multiplexing/cancelling order is not applicable in some cases and needs to be reconsidered. It is more nature for UE to operate in a“first come first process” manner.
Proposal 13: The case of HP CG-PUSCH overlapping with LP DG-PUSCH should be handled by UE implementation.
Proposal 14: For LP CG-PUSCH overlaps with HP DG-PUSCH, related cancelation behaviour for LP CG-PUSCH defined in R16 can be reused.
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