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1	Introduction
In RAN#86, the work item on Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved [1]. Further, the WID was revised in RAN#88e, where the updated WID [2] includes the following objective: 
Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
1. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
2. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel.16 as the baseline 
This topic was discussed during the last meetings and the corresponding discussions resulted in a set of agreements that are listed in Appendix.
In the following, we discuss our view on the Rel-17 solutions for intra-UE multiplexing and prioritizations.
[bookmark: _Ref178064866]2	Discussion
2.1 	General overview and design methodology
Before discussing the details for supporting intra-UE multiplexing in Rel-17, we believe that it is important to understand the direction that different solutions in Rel-17 for intra-UE multiplexing would lead to. 
As we progress, it is important to establish early on a common understanding on the overall framework of the expected procedures. The understanding is crucial to deliver a proper design that would be useful for industry. Given that the overlapping resolution procedures are well known for complexity since Rel-15, with additional growth in complexity in Rel-16 due to introduction of two-level priority, further increasing the complexity in Rel-17 would jeopardize the usage of the developed features in real deployments. That means that the delivered solutions should provide gain at a reasonable complexity to be used.
Therefore, a meaningful design methodology for accomplish the task at hand would be to understand first the structure of the candidate frameworks (HOW), and to perform gain and complexity assessments (WHY) to identify the most suitable framework. 
The overview provided in this section is intended to initiate and facilitate discussions to accomplish a common understanding on the general framework. 

[bookmark: _Ref68669559]2.1.1	Overview of candidate frameworks (HOW)
In the following, we try to categorize the candidate frameworks based on our understanding of the status of the discussions so far. 
On a high level, Rel-17 currently supports two alternatives for intra-UE multiplexing with respect to overlapping PUCCH/PUSCH resources as follows:
· Alternative A) PUCCH/PUSCH multiplexing with different priority a.k.a. Intra-UE multiplexing
· Alternative B) Simultaneous PUCCH and PUSCH transmission
While both alternatives are supported, it is also discussed and proposed to consider enabling/disabling either alternative independently. 
Our understanding from the discussions so far is that two general approaches are proposed for Alternative A as the following:
A1) PUCCH/PUSCH multiplexing between priorities (i.e. framework A1 in 
· Figure 1 )
A2) PUCCH/PUSCH multiplexing per priority first and then between priorities (i.e. framework A2 in 
· Figure 1)

[bookmark: _Ref68659002][image: ]
Figure 1: Rel-17 A1 and A2 candidate frameworks for Intra-UE multiplexing of overlapping PUCCHs/PUSCHs 
With respect to Alternative B, the feature is currently supported in case of inter-band CA but different priorities, however it should fundamentally be applicable for the same priority. Moreover, we can assume that on the PUCCH cell, the UCI multiplexing on PUSCH can occur in case of overlapping PUCCH/PUSCH on that cell. Since the feature supports UCI multiplexing on PUSCH in the same cell as PUCCH, one can consider the following two options for this alternative w.r.t the timing of UCI multiplexing in PUSCH.
· B1) Simultaneous PUCCH/PUSCH before UCI multiplexing on PUSCH (i.e. framework B1 in Figure 2)
· B2) Simultaneous PUCCH/PUSCH after UCI multiplexing on PUSCH (i.e. framework B2 in Figure 2)

Note that we assume that simultaneous PUCCH/PUSCH transmission is applied for the same and different priority. Moreover, alternatives B1 and B2 are realized by applying simultaneous PUCCH/PUSCH transmission on Rel-16 procedures as shown in Figure 2. One can alternatively consider a more simplified framework as shown there, as well, using the Rel-16 framework. 

[image: ]
[bookmark: _Ref68659543]Figure 2: Rel-17 B1 and B2 candidate frameworks for simultaneous PUCCH/PUSCH transmission of overlapping PUCCHs/PUSCHs. In case of B1, B2 is discarded and vice-versa.
It is interesting to consider a framework for the combined features by Alternatives A and B where simultaneous PUCCH/PUSCH transmission is enabled with intra-UE multiplexing. The possible options are as the following:
· Alternative A1 for PUCCH/PUSCH multiplexing with enabling simultaneous PUCCH/PUSCH prior to UCI multiplexing on PUSCH (i.e. framework A1-B1 in Figure 3)
· Alternative A2 for PUCCH/PUSCH multiplexing with enabling simultaneous PUCCH/PUSCH prior to UCI multiplexing per priority (i.e. framework A2-B1 in Figure 3)
· Alternative A2 for PUCCH/PUSCH multiplexing with enabling simultaneous PUCCH/PUSCH prior to UCI multiplexing between different priorities (i.e. framework A2-B2 in Figure 3)

[bookmark: _Ref68662629][image: ]Figure 3: Rel-17 A1-B1, A2-B1 and A2-B2 candidate frameworks for intra-UE multiplexing of overlapping PUCCH/PUSCH enabled with simultaneous PUCCH/PUSCH. In case of B1, B2 is discarded and vice-versa.
2.1.2	Overview of gain and complexity assessments (WHY)
Next, we present few examples to show how assess different framework with respect to complexity and gain can be assessed on a high-level without focusing on the details. If a framework appears to be beneficial from high-level point of view, it is worthwhile to be considered for further study. Otherwise, unnecessary efforts would be spent on a complicated design that would likely be abandoned in practice.  For sake of discussion, we present two sets of examples for single carrier and inter-band carriers in a PUCCH group in Figure 4 and Figure 5, respectively. 
[image: ]
[bookmark: _Ref68665167]Figure 4: Examples of overlapping resolution of PUCCHs/PUSCHs in a PUCCH group with single carrier based on different candidate frameworks
[image: ]
[bookmark: _Ref68665357]Figure 5: Examples of overlapping resolution of PUCCHs/PUSCHs in a PUCCH group with inter-band carriers based on different candidate frameworks
The overall behavior for single carrier for different framework is as expected. One could observe that if recovering a LP UCI is crucial, the framework should support multiplexing of both HP and LP UCI on PUSCH, as well as PUSCH. 
However, in case of inter-band CA, few interesting observations can be made:
· Comparing B1/B2 with A1/A2 suggests that in many cases intra-UE multiplexing (i.e. A1/A2) is not necessary.
· When intra-UE multiplexing is enabled, it is reasonable to enable simultaneous PUCCH/PUSCH as well (i.e. A1-B1, A2-B1/B2). That results in avoiding multiplexing of HP and LP UCI on a PUCCH or PUSCH resource.
· Comparing A1-B1 with A2-B2 suggests that A2-B2 is less complex since LP UCI is multiplexed on LP PUCCH or PUSCH. That means there is no need to multiplex the LP transmission on a high priority.
· Comparing B2 and A2-B2 suggests that intra-UE multiplexing can be disabled for some cases and still the same results can be achieved.

These observations suggest that a framework based on B2 and A2-B2 provides reasonable complexity and meets the expectation in case of inter-band carriers.
On the other hand, based on the discussions so far, it seems that the operation of multiplexing HP and LP UCI on a PUCCH or a PUSCH is a controversial and complicated issue. In some cases, multiple options are proposed for UCI multiplexing on PUCCH, and the topic of joint or separate coding has raised strong concerns among companies. Therefore, from complexity point of views, frameworks that avoid multiplexing HP and LP UCI but can deliver LP UCI are preferred.
Considering these facts, one can argue whether it is worth the effort to design complicated schemes for HP and LP UCI multiplexing on PUCCH/PUSCH. Maybe the effort can be invested on other means to retrieve canceled LP transmission if needed.
Also, the analysis shows the importance of enabling/disabling of intra-UE multiplexing and simultaneous PUCCH/PUSCH transmission dynamically.
[bookmark: _Toc79181962][bookmark: _Toc79181983][bookmark: _Toc79181275]Without a common understanding on the overall framework of the expected procedures,  detailed solutions are difficult to agree.
[bookmark: _Toc79181276]The different candidate frameworks are A1, A2, B1, B2 and their combinations. B2 and A2-B2 seem most promising from a gain and complexity analysis,
[bookmark: _Toc79181277]The complexity of potential features for multiplexing UCI with different priority in PUCCH/PUSCH is a large consideration. 
Based on the above discussion we have the following proposal. This removes the need to consider multiplexing of different priorities in case the UE supports simultaneous PUSCH and PUCCH.
[bookmark: _Toc79181278]When simultaneous PUCCH and PUSCH transmission is supported, perform UCI multiplexing on PUCCH and PUSCH per priority before considering simultaneous PUCCH and PUSCH transmission, i.e. A2-B2. 
2.1.3	On enabling simultaneous PUCCH/PUSCH transmission
From our perspective, this feature can be enabled by configuration of an RRC parameter. However, when it is enabled, similarly to PUCCH/PUSCH multiplexing, we would prefer to dynamically enable or disable this feature to provide better flexibility for the network to operate such that the requirements for URLLC are met. The illustrated examples in previous sections clearly shows the benefit of enabling/disabling of intra-UE multiplexing and simultaneous PUCCH/PUSCH transmission dynamically.
It is also important to note that since URLLC traffic usually has a sporadic or periodic pattern, overlapping cases occur either occasionally or predictably. Therefore, the gNB can plan accordingly and decide for the proper actions. For example, whether it is better to apply multiplexing with low priority transmission in case of overlapping with a high priority transmission or to drop the low priority transmission. In that sense, the gNB can ensure that multiplexing is avoided when it would affect the required delay or reliability requirements. Therefore, the gNB should be able to dynamically enable or disable multiplexing.
Moreover, it is not clear why the feature should be limited to be used for PUCCH/PUSCH with different priorities. As discussed in the previous section, benefits are evident if used for the same priority.
Finally, with respect to support of the feature for intra-band CA, we are open to understand better the concerns as well as motivations from the UE vendors. Therefore, more discussions are needed.
Based on the above discussion, we propose the following:
[bookmark: _Toc79181279]Support simultaneous PUCCH/PUSCH transmission of same PHY priorities over different cells can be RRC configured within the same PUCCH group

[bookmark: _Toc79181280]When simultaneous PUCCH/PUSCH transmissions is enabled by RRC configuration, simultaneous PUCCH/PUSCH transmissions can be dynamically disabled. 

[bookmark: _Toc79181281]In case of overlapping between PUCCH and/or PUSCH resources in a slot with different priorities, dynamically enabling or disabling UCI multiplexing on PUCCH or PUSCH is supported. 
2.2 	On Intra-UE multiplexing
2.2.1	Multiplexing UCIs of different priorities in a PUCCH
In the following we discuss our view for resolving the overlapping between PUCCH resources irrespective of the associated priorities. 
Before doing the exercise, we note that based on the agreement made in previous meeting, UCI multiplexing with different priorities is supported only for the following combinations of UCI:
· Case 1: HP SR and LP HARQ-ACK
· Case 2: HP HARQ-ACK/SR and LP HARQ-ACK

In the following we discuss our view on how to determine a PUCCH resource to carry the UCI corresponding to Case 1 and Case 2 above.
2.2.1.1	PUCCH resource with HP SR and LP HARQ-ACK
In overlapping resolution procedure for Case 1, based on the Rel-15 procedures, the SR in general is multiplexed on HARQ-ACK PUCCH resource. However, the case when PUCCH format 1 is used for both SR and HARQ-ACK, is not supported. If PUCCH format 0 is used for SR and PUCCH format 1 for HARQ-ACK, in fact SR is dropped. In our view, the cleanest approach is to adopt the general principle of Rel-15 and that is to multiplex SR on LP HARQ-ACK PUCCH resource. With respect to reliability of SR, we suggest using a different PRB when SR is triggered. The offset value can be a fixed value of configured. In case of LP HARQ-ACK with PUCCH format 0, 1 or 4, detection of PUCCH on two different PRBs determines whether SR is triggered or not. In case of PUCCH format 2 and 3, even partially overlapping PRBs provide good reliability for SR detection. Figure 6 illustrates a few examples.

[bookmark: _Toc61903296][bookmark: _Toc79181282]When PUCCH with HP SR overlaps with PUCCH with LP HARQ-ACK:
· [bookmark: _Toc61903297][bookmark: _Toc79181283]For 1-2 LP HARQ-ACK bits: The PUCCH resource for HARQ-ACK is used for multiplexing of the HP SR and LP HARQ-ACK. If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource (i.e. Opt. 2a).
· [bookmark: _Toc61903298][bookmark: _Toc79181284]For more than 2 LP HARQ-ACK bits: Rel-15 rules are used for multiplexing HARQ-ACK and SR in a PUCCH resource. If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the PUCCH resource (i.e. Opt. 2a). 
[image: ]
[bookmark: _Ref54408949]Figure 6: Multiplexing HP SR on LP HARQ-ACK PUCCH resource. With positive SR, an offset PRB is applied to HARQ-ACK PUCCH resource.
2.2.1.2	PUCCH resource for HP HARQ-ACK/SR and LP HARQ-ACK
In overlapping resolution procedure for Case 2, Rel-15 procedure can be reused by determining a PUCCH resource that would carry the total UCI, i.e. HP HARQ-ACK/SR and LP HARQ-ACK. Since these two PUCCH resources have different priority, they correspond to different PUCCH-Config and associated PUCCH resource sets, accordingly. In order to ensure reliability, we suggest using the PUCCH resource sets of the high priority PUCCH-Config. In that case, based on the total UCI size, i.e. the total number of HP HARQ-ACK/SR and LP HARQ-ACK, a PUCCH resource set among those configured in the second PUCCH-Config, is determined. A resource in this set based on the last DCI corresponding to the HP HARQ-ACK, is identified. This resource is the single resource that would carry HP HARQ-ACK/SR and LP HARQ-ACK. 
[bookmark: _Toc61903299][bookmark: _Toc79181285]When PUCCH with HP HARQ-ACK/SR overlaps with PUCCH with LP HARQ-ACK:
· [bookmark: _Toc61903300][bookmark: _Toc79181286]First, a PUCCH resource set associated to HP HARQ-ACK based on the total number of HP HARQ-ACK/SR and LP HARQ-ACK is determined. Then, a PUCCH resource in the PUCCH resource set to carry both HP and LP HARQ-ACK based on the last DCI corresponding to the HP HARQ-ACK is determined.

2.2.1.3	Procedure to resolve overlapping between PUCCH resources
For alternatives A1 and A2 discussed in section 2.1.1, when overlapping resolved between PUCCHs with different priorities , the Rel-15 procedures can be reused by taking into account the applicable combinations of UCI based on the previous agreements and adopt the suitable adjustments as the following:
1) As in Rel-15, the first set of mutually overlapping PUCCH resources in a slot are identified and sorted in the set Q.
2) A single PUCCH resource is determined for the PUCCH resources in the set Q as the following:
a. If all resources have the same priority, follow the already existing procedures.
b. Otherwise
i. Drop SR and CSI of low priority, if any.
ii. If one of resources is associated to a HARQ-ACK with high priority, apply the associated PUCCH resource sets and last DCI to determine a single PUCCH resource (i.e. Proposal 6).
1. If the high priority HARQ-ACK PUCCH resource is associated to sub-slot, start from the earlier and smallest sub-slot.
iii. Otherwise, if PUCCH resources for high priority SR and low priority HARQ-ACK overlap, determine a single PUCCH resource based on HARQ-ACK PUCCH resource as described in Proposal 5. 
3) As in Rel-15, the above procedure is continued until there is no overlapping PUCCH resources in the slot. 

As it is shown in Figure 7, this approach effectively results in running the procedures sub-slot based if there are overlapping sub-slot based PUCCH resources. 
[image: ]
[bookmark: _Ref54340802]Figure 7: Determining a single PUCCH resource for mutually overlapping PUCCH resource in set Q 

We propose to reuse the Rel-15 procedures by taking into account the applicable combinations of UCI based on the previous agreements and adopt the suitable adjustments.

[bookmark: _Toc61903302][bookmark: _Toc79181287]Resolve overlapping between PUCCH resources based on Rel-15 procedures where the overlapping is resolved starting from the first set of mutually overlapping PUCCH resources in a slot (a.k.a. set Q) until there are no overlapping PUCCH resources in the slot.
[bookmark: _Toc61903303][bookmark: _Toc79181288]To determine a single PUCCH resource for a set of mutually overlapping PUCCH resources with different priority, drop SR and CSI of low priority, if any. Then, use sub-slot PUCCH resources if there is a sub-slot HARQ-ACK PUCCH in the set, starting from the earlier and smaller sub-slot.
2.2.1.4	Coding method for 1-2 bit UCI payloads.
In RAN1#105-e, the following agreement was made:
	Agreement:
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 more than 2, 
· For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding. Down-select from the two options:
· 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 HP HARQ-ACK or LP HARQ-ACK >2 bit(s), HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.3.3 or Clause 5.3.1.
· FFS rate matching equation and RE mapping rules for PF2/3/4. Rel-15 is baseline if available.



For the FFS in the first sub-bullet we prefer option 1:
[bookmark: _Toc79181289]For separate coding of HP or LP HARQ-ACK of 1-2 bits when multiplexed into a PUCCH, 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.
2.2.2	Multiplexing	UCIs of different priorities in a PUSCH 
As discussed previously, when resolving overlapping PUCCH resources the outcome would be non-overlapping PUCCH resources where the UCI in each PUCCH resource can be one of the following:
· Case A: LP UCI (HARQ-ACK, SR, CSI or any combination of them)
· Case B: HP UCI (HARQ-ACK, SR or HARQ-ACK/SR)
· Case C: Mix of HP and LP UCI (HP HARQ-ACK and LP HARQ-ACK, HP HARQ-ACK and HP SR and LP HARQ-ACK, HP SR and LP HARQ-ACK)

In case of PUCCH/PUSCH overlapping for any of the above cases, our view on multiplexing/dropping rules is summarized in table below. 

Table 1: Expected behavior to resolve overlapping between PUCCH and PUSCH resource 
	
	Case A
(LP UCI)
	Case B
 (HP UCI)
	Case C 
(Mix LP/HP UCI)
	Summary of cases when
 UCI is multiplexed on PUSCH

	LP PUSCH
	Mux/drop as in Rel-15
(SR dropped)
	Drop PUSCH if UCI includes HP SR
Otherwise, multiplex UCI on LP PUSCH
	Drop PUSCH if UCI includes HP SR
Otherwise, multiplex UCI on LP PUSCH
	Case A: LP HARQ-ACK, LP CSI
Case B: HP HARQ-ACK
Case C: LP HARQ-ACK, HP HARQ-ACK

	HP PUSCH
	Mux/drop as in Rel-15
(SR dropped)
	Drop HP SR if UCI includes HP SR (as in Rel-15/16)
Otherwise, multiplex UCI on HP PUSCH
	Drop HP SR if UCI includes SR (as in Rel-15/16)
Otherwise, multiplex UCI on HP PUSCH
	Case A: LP HARQ-ACK, LP CSI
Case B: HP HARQ-ACK
Case C: LP HARQ-ACK, HP HARQ-ACK



When we study the combinations that UCI is multiplexed on a PUSCH, according to the table above the UCI may include the following:
· LP CSI
· LP HARQ-ACK
· HP HARQ-ACK

For the purpose of multiplexing, as we discussed in Section 2.1.1, we would like to use the already existing procedures. That implies that for multiplexing, the corresponding timeline requirements should be met. Moreover, for multiplexing, we can reuse the existing framework for HARQ-ACK and CSI, and extend it one level higher from LP HARQ-ACK to HP HARQ-ACK. In that sense, more than one overlapping PUCCHs can overlap with a PUSCH. In case the total UCI includes UCI with different priorities, as agreed different beta-offset values for multiplexing UCI with different priority is used. As we discussed earlier, if multiplexing causes delay issues harmful for URLLC, the gNB should be able to dynamically disable it. Finally, It is not necessary to configure different alpha values since the same goal on controlling number of REs can be achieved with combination of alpha and different beta values.

Therefore, we propose the following:

[bookmark: _Toc61903304][bookmark: _Toc79181290]For UCI multiplexing on PUSCH, one or more PUCCH can overlap with PUSCH where the corresponding UCI can be multiplexed in the PUSCH.
[bookmark: _Toc61903305][bookmark: _Toc79181291]For UCI multiplexing on PUSCH, a different target code rate and beta factor is considered for high priority HARQ-ACK. 
[bookmark: _Toc61903307][bookmark: _Toc79181292]Support dynamically enable/disable multiplexing by beta factor (e.g. beta=0 to disable mux)

2.2.3	Other enhancements 
Methods such as puncturing, resuming or bundling are proposed for enabling HARQ-ACK multiplexing of different priorities in PUCCH or PUSCH. From our perspective, dropping and rescheduling is preferred over puncturing/resuming or bundling since these methods are either too complicated to be implemented or too simplified to achieve the goal of multiplexing. 
[bookmark: _Toc79181293]In case of overlapping between PUCCH and/or PUSCH resources in a slot with different priorities, methods based on partial puncturing with or without resuming and HARQ-ACK bundling as part of overlapping resolution procedures are not supported.
[bookmark: _Toc79181294]In case of overlapping between PUCCH and/or PUSCH resources in a slot with different priorities, only UCI multiplexing methods on PUCCH or PUSCH resources that are extension of already existing UCI multiplexing methods are supported.
2.3	Prioritizing DG/CG-PUSCH with different priorities
Agreements have been made in the 3GPP meetings RAN1#102e and RAN1#105e that Rel-17 will support PHY layer prioritization between a high priority grant (either DG or CG) and a low priority grant (either CG or DG). 
Introducing the PHY prioritization between DG and CG of different priorities have the following issues, which are shared between (a) HP DG vs LP CG  and (b) LP DG vs HP DG.
First, interaction with MAC, with and without UL skipping configured. With PHY layer prioritization between DG and CG of different priorities, the MAC may be allowed to send two, or one, or zero, PDUs to the two overlapping grants.   
· It should be clarified what scenarios are expected, or not expected. For example, if MAC sends two PDUs to the two overlapping grants, this is only expected if the later grant has higher PHY priority than the earlier grant. Otherwise, if the later grant has lower PHY priority, then MAC is not expected to send two PDUs to PHY for the two overlapping grants. That is, (A) in Figure below is not supported if the later grant has lower PHY priority.
· It should be clarified how the buffer status of the logical channels affect if/how the PDUs are generated for the overlapping grants. For instance, if uplink skipping is configured, then the example in the figure below give PHY three possible multiplexing/prioritization scenarios to handle. The discussion of Rel-16 UL skipping procedure indicates that there exist iterative operations between PHY and MAC, if Rel-16 UL skipping is enabled. Thus we propose that Rel-16 UL skipping is not enabled together with LCH based prioritization (RRC parameter: lch-basedPrioritization). 

[bookmark: _Toc79181295]MAC may send two PDUs to two overlapping grants only if the later grant has higher PHY priority than the earlier grant.

[bookmark: _Toc79181296]When lch-basedPrioritization is configured, Rel-16 UL skipping is not enabled in Rel-17.

Second, how to identify the PUSCH to multiplex with UCI? For example, in (A) of the figure below, when CG PUSCH 1 of low PHY priority is deprioritized by a DG PUSCH 1 of high PHY priority, it is not clear which PUSCH is the PUCCH (LP) to be multiplexed on.
· If identification of PUSCH for UCI multiplexing is performed before CG-vs-DG prioritization, then CG PUSCH 1 (LP) is multiplexed with PUCCH (LP), and the UCI is discarded together with CG PUSCH 1.
· If identification of PUSCH for UCI multiplexing is performed after CG-vs-DG prioritization, then CG PUSCH 2 (LP) is multiplexed with PUCCH (LP), and the UCI is multiplexed onto CG PUSCH 2 (LP) for transmission.
In our view, it is preferrable to identify PUSCH for UCI multiplexing is performed after CG-vs-DG prioritization, since it avoids unnecessary dropping of the UCI.

[bookmark: _Toc79181297]Identification of PUSCH for UCI multiplexing is performed after CG-vs-DG prioritization.

[image: ]
Figure 8: For one set of scheduled grants, depending on the outcome of MAC PDU generation, PHY may need to handle 3 multiplexing/prioritization cases

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Without a common understanding on the overall framework of the expected procedures,  detailed solutions are difficult to agree.
Observation 2	The different candidate frameworks are A1, A2, B1, B2 and their combinations. B2 and A2-B2 seem most promising from a gain and complexity analysis,
Observation 3	The complexity of potential features for multiplexing UCI with different priority in PUCCH/PUSCH is a large consideration.

Based on the discussion in the previous sections we propose the following:
Proposal 1	When simultaneous PUCCH and PUSCH transmission is supported, perform UCI multiplexing on PUCCH and PUSCH per priority before considering simultaneous PUCCH and PUSCH transmission, i.e. A2-B2.
Proposal 2	Support simultaneous PUCCH/PUSCH transmission of same PHY priorities over different cells can be RRC configured within the same PUCCH group
Proposal 3	When simultaneous PUCCH/PUSCH transmissions is enabled by RRC configuration, simultaneous PUCCH/PUSCH transmissions can be dynamically disabled.
Proposal 4	In case of overlapping between PUCCH and/or PUSCH resources in a slot with different priorities, dynamically enabling or disabling UCI multiplexing on PUCCH or PUSCH is supported.
Proposal 5	When PUCCH with HP SR overlaps with PUCCH with LP HARQ-ACK:
	For 1-2 LP HARQ-ACK bits: The PUCCH resource for HARQ-ACK is used for multiplexing of the HP SR and LP HARQ-ACK. If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource (i.e. Opt. 2a).
	For more than 2 LP HARQ-ACK bits: Rel-15 rules are used for multiplexing HARQ-ACK and SR in a PUCCH resource. If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the PUCCH resource (i.e. Opt. 2a).
Proposal 6	When PUCCH with HP HARQ-ACK/SR overlaps with PUCCH with LP HARQ-ACK:
	First, a PUCCH resource set associated to HP HARQ-ACK based on the total number of HP HARQ-ACK/SR and LP HARQ-ACK is determined. Then, a PUCCH resource in the PUCCH resource set to carry both HP and LP HARQ-ACK based on the last DCI corresponding to the HP HARQ-ACK is determined.
Proposal 7	Resolve overlapping between PUCCH resources based on Rel-15 procedures where the overlapping is resolved starting from the first set of mutually overlapping PUCCH resources in a slot (a.k.a. set Q) until there are no overlapping PUCCH resources in the slot.
Proposal 8	To determine a single PUCCH resource for a set of mutually overlapping PUCCH resources with different priority, drop SR and CSI of low priority, if any. Then, use sub-slot PUCCH resources if there is a sub-slot HARQ-ACK PUCCH in the set, starting from the earlier and smaller sub-slot.
Proposal 9	For separate coding of HP or LP HARQ-ACK of 1-2 bits when multiplexed into a PUCCH, 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.
Proposal 10	For UCI multiplexing on PUSCH, one or more PUCCH can overlap with PUSCH where the corresponding UCI can be multiplexed in the PUSCH.
Proposal 11	For UCI multiplexing on PUSCH, a different target code rate and beta factor is considered for high priority HARQ-ACK.
Proposal 12	Support dynamically enable/disable multiplexing by beta factor (e.g. beta=0 to disable mux)
Proposal 13	In case of overlapping between PUCCH and/or PUSCH resources in a slot with different priorities, methods based on partial puncturing with or without resuming and HARQ-ACK bundling as part of overlapping resolution procedures are not supported.
Proposal 14	In case of overlapping between PUCCH and/or PUSCH resources in a slot with different priorities, only UCI multiplexing methods on PUCCH or PUSCH resources that are extension of already existing UCI multiplexing methods are supported.
Proposal 15	MAC may send two PDUs to two overlapping grants only if the later grant has higher PHY priority than the earlier grant.
Proposal 16	When lch-basedPrioritization is configured, Rel-16 UL skipping is not enabled in Rel-17.
Proposal 17	Identification of PUSCH for UCI multiplexing is performed after CG-vs-DG prioritization.
4	Appendix
4.1 Additional illustrations

[image: ]
Figure 9: Rel-15 framework for PUCCHs/PUSCHs overlapping resolution
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Figure 10: Rel-16 framework for PUCCHs/PUSCHs overlapping resolution
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Figure 11: List of Rel-17 candidate frameworks for PUCCH/PUSCHs overlapping resolution

4.2 List of agreements
4.2.1	List of agreements in RAN1#102-e
Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
For the above multiplexing scenarios,
· FFS conditions, if needed, for the multiplexing, e.g
· Whether to support multiplexing between different resources not confined within a sub-slot.
· Whether to support multiplexing in case a PUCCH overlaps with more than one PUCCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to determine the PUCCH resource used for multiplexing (e.g. HP or LP PUCCH resource, or a dedicated PUCCH resource for the multiplexing).
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling).
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding)
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for enabling multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
 
Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
For the above multiplexing scenarios,
· Support separate configurations of at least beta-offset values (FFS for alpha) for multiplexing with different priority combinations. 
· FFS for other separate configurations.
· FFS: value range of beta-offset (e.g. <1).
· FFS the conditions, if needed, for multiplexing, e.g.
· FFS: Whether to support multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling)?
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding).
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
· How to handle multiplexing of UCI of different priorities and CG-UCI in a CG-PUSCH
 
Agreements:
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function. 
· FFS for intra-band CA.
Agreements:
Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17.
· FFS details
· Clarify R16 baseline if needed.
4.2.2	List of agreements in RAN1#103-e
Agreements:
For multiplexing UCIs of different priorities in a PUCCH in R17, 
· Support of multiplexing between different resources not confined within a sub-slot if conditions are met
· FFS: Details 
· Support multiplexing in case a PUCCH overlaps with more than one PUCCH if conditions are met
· FFS details

Agreements:
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:
l Option 1: Support joint coding.
l Option 2: Support separate coding.
l Option 3: Combination of Option1 and 2.
l FFS the details
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, provide design details for decision for the following cases in RAN1#104-e:
·        Multiplexing on a PUCCH format 0
·        Multiplexing on a PUCCH format 1

Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.

Agreements:
For HARQ-ACK multiplexing on PUSCH of different priority in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration, beta_offset=0
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.

Agreements:
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.
· FFS the related cancelation behavior for the PUSCH of lower PHY priority and other details.
· First clarify what is the scope of this feature, e.g. if overlapping between more than 2 channels is considered.
· FFS the timeline requirements.
· First clarify what is the behavior of Rel-16 UE in case of DG/CG/UCI overlapping, with and without uplink skipping enabled.
· FFS UE capability for this feature.
· Note: The main bullet has been agreed in the WID by RAN Plenary.

[bookmark: _In-sequence_SDU_delivery]4.2.3	List of agreements in RAN1#104-e
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)

Agreements:
Per UE with the capability of inter-band CA, simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells can be RRC configured within the same PUCCH group
· FFS: dynamic indication

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):
l  Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
l  Opt.1a: The UE does not transmit negative SR.
l  Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
l  Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
l  FFS: whether with power boost to transmit multiplexed payload or not.
l  Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
l  Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
l  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.
l  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.
l  Opt.3: No enhancement over Rel-16.
l  Other options not excluded.
l  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):
l  Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
l  Opt.1a: The UE does not transmit negative SR.
l  Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
l  Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
l  FFS: whether with power boost to transmit multiplexed payload or not.
l  Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
l  Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
l  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.
l  FFS on conditions of multiplexing.
l  Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
l  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.
l  Opt.5: No enhancement over Rel-16.
l  Other options not excluded.
l  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):
l  Opt.1: The SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
l  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.
l  Opt.1b: SR and HARQ-ACK are multiplexed and modulated to be transmitted on the SR resource
l  Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
l  Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
l  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.
l  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.
l  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.
l  Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
l  Opt.4: No enhancement over Rel-16.
l  Other options not excluded.
l  FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?
4.2.4 List of agreements in RAN1#104b-e
Agreements:
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 more than 2, support separate coding for the two HARQ-ACKs.
· FFS for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s).
· (working assumption) Drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH which has HP A/N.
· FFS Strive to let HP A/N reuse the encoder, rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.
· FFS Strive to let LP A/N reuse the encoder, rate matching equation, and mapping rules in Rel-15 for CSI-2.

Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, support separate coding for the two HARQ-ACKs.
It is understood that it is intended that the number of encoding chains for all UCI multiplexing combinations in Rel-17 should not exceed that in Rel-15/16.
4.2.5 List of agreements in RAN1#105-e
Agreement:
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 more than 2, 
· For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding. Down-select from the two options:
· 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 HP HARQ-ACK or LP HARQ-ACK >2 bit(s), HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.3.3 or Clause 5.3.1.
· FFS rate matching equation and RE mapping rules for PF2/3/4. Rel-15 is baseline if available.
 
Agreement:
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.
·           Note: QC has strong concern on above scheme. The scheme cannot provide unequal error protection between the HP bit and LP bit hence could suffer from performance degradation for the HP bit. QC accept the scheme for the sake of progress in RAN 1 with the concern on the performance reserved.
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