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1	Introduction
In this contribution, we continue the discussion from the last meeting to address a restriction in specification that severely impacts the system throughput in CA deployments with different subcarrier spacing between PCell and SCell(s). Considering realistic deployments of CA with a TDD PCell of SCS 30 kHz and FDD SCell of SCS 15 kHz, addressing such restrictions is of high importance in supporting the industry relying on 3gpp developed technologies.
[bookmark: _Ref178064866]2	Discussion
2.1	Problem statement
When the overlapping PUCCH/PUSCH scenario shown in Figure 1 was discussed during the specification development, it was noticed that the overlapping resolution would result in multiplexing the UCI from PUCCHs in the PUSCH on an SCell and drop PUCCHs transmissions. However, encoding these UCIs of the same type and multiplexing them in the PUSCH would have required additional procedures that deemed to be complicated. Eventually, it was decided not to support such scenarios. The description below in the specification reflects such scheduling restriction.
	Scheduling restriction:
TS 38.213, Clause 9



A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if .



[image: ]
[bookmark: _Ref146848033]Figure 1. Disallowing scheduling PUCCHs on Pcell simultaneously with a PUSCH on Scell with a smaller SCS than Pcell.

At that time, the impact of such restriction was not properly understood. However, currently that operators are investing in 5G and deploying CA features, we observe in the real field deployment a great loss in system throughput due to this restriction.  This forces the scheduler to avoid overlapping by not scheduling PUCCHs or PUSCH in overlapping UL slots in Pcell and Scell that in turn reduces the served traffic in DL and/or UL. 
[bookmark: _Toc149950034][bookmark: _Hlk146845022]Restriction to schedule a PUSCH in a Scell that overlaps with PUCCHs carrying the same UCI type in different slots in a Pcell of larger SCS, severely impacts system throughput in TDD and FDD CA deployments with different SCS.
This issue was brough up in the previous RAN1 meeting [1][2] and initiated a discussion to find solutions for tackling the problem, The summary of the discussion is available in [3]. 
2.2 Proposed solutions
The outcome of discussions during the last meeting, resulted in the following agreement:
	Agreement
To resolve the issue for TDD-FDD UL CA raised by R1-2309352 and R1-2310345, RAN1 strive to down-select option(s) among the following options in RAN1#115. 
· Option 1: Introduce 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1
· Option 2: Simultaneous PUSCH and PUCCH transmissions of same priority on different cells
· Option 3: Re-defining K1 = 0 as the first available UL slot
· Option 4: DCI format 1_0 (or DCI format 1_1) for Pcell and DCI format 1_1 (or 1_2) for Scell
· Option 5: DL-dataToACK-UL list on a per-cell basis
· For example, move DL-dataToACK-UL out of PUCCH config and place it under PDSCH config for each BWP of each cell
· FFS: specification impact, corresponding RRC parameters, UE capability, which release(s) to be applied



In the above agreement, Option 1 and Option 4 relying on tackling the problem by increasing the number of K1 values for indicating the timing of HARQ-ACK for a scheduled PDSCH.As discussed in [2], a solution based increasing K1 values in general would improve the scheduling flexibility which is of importance better utilization of DL and UL resources, however the solution does not tackle the scheduling restriction discussed above. Option 1 suggests increasing the bit-field for DCI format 1_1 while Option 4 suggest using different DCI formats for scheduling PDSCH on each cell and hence use more candidate values for K1 values.
Option 2 instead tackles the underlying issue and suggests avoiding multiplexing and transmit the PUCCH and PUSCH channels simultaneously as discussed in [1].
2.3	Comparison of proposed solutions
In our view, Option 2 is the superior options and must be supported for the following reasons.
Targeted solution
We understand the underlying issue is encoding and multiplexing of the UCIs of the same type, and the unfortunate consequence has turned to be the scheduling restriction. Therefore, it is important that a proposed solution still avoids encoding and multiplexing of the UCIs of the same type, while relaxing the scheduling restriction. The most reasonable and simplest solution is to support simultaneous transmission of PUCCHs and PUSCHs in this case as shown in Figure 2. 
[image: ]
[bookmark: _Ref146848170]Figure 2. Enabling scheduling PUCCHs on PCell simultaneously with a PUSCH on SCell with a smaller SCS than PCell by allowing simultaneous transmission of PUCCH and PUSCH
Therefore, we make the following observations:
[bookmark: _Toc149950035]Option 2 Solves the underlying issue of UCI multiplexing.
[bookmark: _Toc149950036]Option 1 and Option 4 aim to improve scheduling flexibility which is valuable, however they fail to address the underlying UCI multiplexing issue.

Simplicity and feasibility
Note that a UE is already capable of transmitting PUCCHs alone or transmitting parallel PUSCHs. Additionally, simultaneous transmission of PUCCH and PUSCH has a precedence not only in LTE but also in NR where it is already supported since Rel-17 as an optional UE capability but for different priority, i.e. parallelTxPUCCH-PUSCH-r17 (see the corresponding specifications below).

	TS 38.213, Clause 9
If a UE
-     is provided simultaneousPUCCH-PUSCH and would transmit a PUCCH with a first priority index and PUSCHs with a second priority index that is different than the first priority index, where the PUCCH and the PUSCHs overlap in time
-     can simultaneously transmit the PUCCH and the PUSCHs [18, TS 38.306],
the UE excludes the PUSCHs for resolving the time overlapping between the PUCCH and PUSCHs, where the timeline conditions are not required for the excluded PUSCHs. 

	
TS 38.306, clause 4.2.7.A

	parallelTxPUCCH-PUSCH-r17
Indicates whether the UE supports simultaneous PUCCH and PUSCH transmissions of different priority on different cells for inter-band CA.
	BC
	No
	N/A
	N/A






One may question that why not solving the issue of scheduling restriction by enabling parallelTxPUCCH-PUSCH-r17. Enabling parallelTxPUCCH-PUSCH-r17 alone would not be sufficient and indication of different priority in DCI should be supported as well. That means in practice that couple of other features are needed to be enabled to solve this issue, while they are not currently considered urgent for the existing deployment and not available.  In other words, we are keen of a solution that matches the realities of the current deployments and ease of availability. Hence, the simultaneous transmission of PUCCH and PUSCH by itself, is a familiar functionality in 3GPP and this solution should be feasible by the UE vendors.
[bookmark: _Toc149950037]Option 2 is the simplest and most feasible solution among the candidate options.

Solution with additional benefits
For implementation of UL CA, Network vendors face variety of scheduling restrictions/complications due to “HARQ-ACK multiplexing in an SCell PUSCH” imposed by specifications.  When “HARQ-ACK multiplexing in an SCell PUSCH” is avoided based on Option 2,  such restrictions/complications disappear as well, resulting in general improvement of the UL CA operation. Examples of additional benefits are listed below:
· Option 2 removes the need for multiplexing timeline check for UCI multiplexing on SCell PUSCH
· This brings more flexibility for DL and UL scheduling.
· Option 2 removes any issue related to PUSCH selection rule for UCI multiplexing.
· Option 2 removes the hypothesis testing at gNB to determine the PUSCH for UCI multiplexing due to DL miss detection (missing UL grants or DL assignments)
· Option 2 removes the issue of impact of different UE implementations for PUSCH selection rule (see the related discussion in [4])
· Option 2 removes any issue related to UL DAI for UCI multiplexing in SCell PUSCHs causing scheduling restriction after corresponding UL grant.
· It is important to note that the approved TEI basically intends to remove this restriction but the approved TEI has resulted in a solution with multiple capabilities for different scenarios that makes its usage somewhat complicated [5]. 

None of the additional benefits above are feasible by Option 1 or Option 4.
[bookmark: _Toc149950038]As opposed to Option 1 and Option 4, Option 2 brings additional benefits for UL CA operations such as:
· [bookmark: _Toc149950039] Removing the need for multiplexing timeline check for UCI multiplexing on SCell PUSCH
· [bookmark: _Toc149950040]Removing any issue related to PUSCH selection rule for UCI multiplexing
· [bookmark: _Toc149950041]Removing any issue related to UL DAI for UCI multiplexing in SCell PUSCHs causing scheduling restriction after corresponding UL grant

In fact, Option 4 brings additional restrictions for the following reasons:
· Forcing to apply fall-back DCI (DCI format 1_0) as the regular DCI for PCell scheduling imposes scheduling restrictions instead of using this DCI “as fallback”. 
· Forcing SCell scheduling by DCI format 1_2 is a complicated way of running the system both from UE and Network perspective. In addition, similarly to the reason explained previously on obstacles for relying on parallelTxPUCCH-PUSCH-r17 based solutions, it requires readiness in implementation of DCI 1_2 related features which does not reflect the reality and hence, not a feasible and practical solution.

Therefore, we believe that a solution based Option 4 is not a viable option.

[bookmark: _Toc149950042]Option 4 results in additional scheduling restrictions for UL CA operation and is not a viable option.

Finally, supporting Option 1 in addition to Option 2 would be beneficial for more flexibility at gNB scheduling. However, our understanding based on the feedback received in the previous meeting is that realizing Option 1 causes additional complications at the UE for example for HARQ-ACK codebook generation. Most importantly, some UE vendors being committed to solve the exiting critical issue in UL CA, have expressed concerns on ability to deliver this solution in a time frame that can be used in practice.

[bookmark: _Toc149950043] Supporting Option 1 in addition to Option 2 would be beneficial for more flexibility at gNB scheduling. However, UE vendors have raised concerns on complication and ability to deliver a solution based on Option 1.
As mentioned in the previous meeting, the UL CA scheduling restriction is a critical issue and hence it needs immediate attention. Therefore, it is important to conclude on a simple solution to have reasonable expectation on its feasibility in time. That is one of the main motivation to support Option 2 as discussed above. 
Therefore, based on the above analysis, we summarize that:
[bookmark: _Toc149950044]Option 2 is the superior candidate solution in terms of simplicity, feasibility, and usefulness.

2.4	Release and details of the solution
Considering Option 2 as a solution to tackle the scheduling restrictions, a Rel-16 based solution would be an optimal solution. If that is not feasible, a Rel-17 solution can still be considered. Similarly, any solution based on Rel-18 or beyond effectively has no practical value since it does not fit in the timelines of the implementations to address the existing issues in real deployment. 

Moreover, a new RRC parameter to enable the optional capability associated by Option 2 should be introduced. 

Details of the text proposals for Rel-16 and Rel-17 specifications, as well as the corresponding capability are provided in the appendix.

Therefore, we observe the following:

[bookmark: _Toc149950045]Considering Option 2 for Rel-16 would be an optimal. If that is not feasible, a Rel-17 solution can still be considered. Option 2 based on Rel-18 or beyond effectively has no practical value.
[bookmark: _Toc149950046]A new RRC parameter to enable the optional capability associated to Option 2 should be introduced.
3	Summary of the proposal	
Based on the discussion above, we propose the following:
[bookmark: _Toc149488967][bookmark: _Toc149502021][bookmark: _Toc149502109][bookmark: _Toc149507076][bookmark: _Toc149509675][bookmark: _Toc149488968][bookmark: _Toc149502022][bookmark: _Toc149502110][bookmark: _Toc149507077][bookmark: _Toc149509676][bookmark: _Toc149950047]Support simultaneous PUCCH and PUSCH transmissions of the same priority on different cells (i.e., Option 2 in RAN1#114bis agreement) as an optional feature [FG-XYZ].
· [bookmark: _Toc149502024][bookmark: _Toc149502112][bookmark: _Toc149507079][bookmark: _Toc149509678][bookmark: _Toc149950048]Introduce a new RRC parameter [XYZ] to enable this feature if the UE indicates the capability [FG-XYZ].
· [bookmark: _Toc149950049]Support the feature for Rel-16 if possible. Otherwise, support the feature for Rel-17.
· [bookmark: _Toc149950050]Endorse the corresponding TP and capability description as described in Appendix.

4	Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following observations: 
Observation 1	Restriction to schedule a PUSCH in a Scell that overlaps with PUCCHs carrying the same UCI type in different slots in a Pcell of larger SCS, severely impacts system throughput in TDD and FDD CA deployments with different SCS.
Observation 2	Option 2 Solves the underlying issue of UCI multiplexing.
Observation 3	Option 1 and Option 4 aim to improve scheduling flexibility which is valuable, however they fail to address the underlying UCI multiplexing issue.
Observation 4	Option 2 is the simplest and most feasible solution among the candidate options.
Observation 5	As opposed to Option 1 and Option 4, Option 2 brings additional benefits for UL CA operations such as:
	Removing the need for multiplexing timeline check for UCI multiplexing on SCell PUSCH
	Removing any issue related to PUSCH selection rule for UCI multiplexing
	Removing any issue related to UL DAI for UCI multiplexing in SCell PUSCHs causing scheduling restriction after corresponding UL grant
Observation 6	Option 4 results in additional scheduling restrictions for UL CA operation and is not a viable option.
Observation 7	Supporting Option 1 in addition to Option 2 would be beneficial for more flexibility at gNB scheduling. However, UE vendors have raised concerns on complication and ability to deliver a solution based on Option 1.
Observation 8	Option 2 is the superior candidate solution in terms of simplicity, feasibility, and usefulness.
Observation 9	Considering Option 2 for Rel-16 would be an optimal. If that is not feasible, a Rel-17 solution can still be considered. Option 2 based on Rel-18 or beyond effectively has no practical value.
Observation 10	A new RRC parameter to enable the optional capability associated to Option 2 should be introduced.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Support simultaneous PUCCH and PUSCH transmissions of the same priority on different cells (i.e., Option 2 in RAN1#114bis agreement) as an optional feature [FG-XYZ].
	Introduce a new RRC parameter [XYZ] to enable this feature if the UE indicates the capability [FG-XYZ].
	Support the feature for Rel-16 if possible. Otherwise, support the feature for Rel-17.
	Endorse the corresponding TP and capability description as described in Appendix.
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Appendix
Option 2 Text Proposal for TS 38.213 V16.5.0
	************* unchanged omitted ********************
When a UE determines overlapping for PUCCH and/or PUSCH transmissions of the same priority index other than PUCCH transmissions with SL HARQ-ACK reports before considering limitations for UE transmission as described in clauses 11.1, 11.1.1, 11.2A and 15, including repetitions if any,
-	first, the UE resolves the overlapping for PUCCHs with repetitions as described in clause 9.2.6, if any 
-	second, the UE resolves the overlapping for PUCCHs without repetitions as described in clauses 9.2.5
-	third, the UE resolves the overlapping for PUSCHs and PUCCHs with repetitions as described in clause 9.2.6
-	fourth, the UE resolves the overlapping for PUSCHs and PUCCHs without repetitions as is subsequently described in this clause.
 If a UE
-	is provided [samePrioSimultanousPUCCH-PUSCH] and would transmit a PUCCH and PUSCH(s) of a same priority index on different respective serving cell(s) where the PUCCH and the PUSCH(s) overlap in time,
-	the UE can simultaneously transmit the PUCCH and the PUSCHs [18, TS 38.306],
the UE excludes the PUSCHs for resolving the time overlapping between the PUCCH and PUSCHs, where the timeline conditions are not required for the excluded PUSCHs.
************* unchanged omitted *******************



Option 2 text Proposal for TS 38.213 V17.7.0
	************* unchanged omitted ********************
When a UE determines overlapping for PUCCH and/or PUSCH transmissions of the same priority index other than PUCCH transmissions with SL HARQ-ACK reports before considering limitations for UE transmission as described in clauses 11.1, 11.1.1, 11.2A, 15 and 17.2 including repetitions if any, 
-	first, the UE resolves the overlapping for PUCCHs with repetitions as described in clause 9.2.6, if any
-	second, the UE resolves the overlapping for PUCCHs without repetitions as described in clauses 9.2.5
-	third, the UE resolves the overlapping for PUSCHs and PUCCHs with repetitions as described in clause 9.2.6
-	fourth, the UE resolves the overlapping for PUSCHs and PUCCHs without repetitions as is subsequently described in this clause.
If a UE
-	is provided [samePrioSimultanousPUCCH-PUSCH] and would transmit a PUCCH and PUSCH(s) of a same priority index on different respective serving cell(s) where the PUCCH and the PUSCH(s) overlap in time,
-	the UE can simultaneously transmit the PUCCH and the PUSCHs [18, TS 38.306],
the UE excludes the PUSCHs for resolving the time overlapping between the PUCCH and PUSCHs, where the timeline conditions are not required for the excluded PUSCHs.
If a UE
-	is provided simultaneousPUCCH-PUSCH and would transmit a PUCCH with a first priority index and PUSCHs with a second priority index that is different than the first priority index on different respective cells, where the PUCCH and the PUSCHs overlap in time
-	can simultaneously transmit the PUCCH and the PUSCHs [18, TS 38.306],
the UE excludes the PUSCHs for resolving the time overlapping between the PUCCH and PUSCHs, where the timeline conditions are not required for the excluded PUSCHs.
************* unchanged omitted ********************


Higher layer parameter [XYZ]
	[XYZ: samePrioSimultanousPUCCH-PUSCH]
When configured, the UE applies simultaneous PUCCH and PUSCH transmission of the same priority on different cells in a PUCCH cell group as defined in subclause 9 of 38.213 [11].



Feature group [FG-XYZ] 
	[FG-XYZ. samePrioparallelTxPUCCH-PUSCH-r17]
Indicates whether the UE supports simultaneous PUCCH and PUSCH transmissions of the same priority on different cells with same of different SCSs
	BC
	No
	N/A
	N/A






	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	TEI[16/17]
	
	Parallel PUCCH and PUSCH transmission across CCs with the same priority
	Support simultaneous PUCCH and PUSCH transmissions of the same priority on different cells with same or different SCS
	6-6
	Yes
	N/A
	UE is not able to simultaneously transmit PUCCH and PUSCH  of the same priority on different cells
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signaling
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