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1	Introduction
In this contribution, we 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
Problem statement
When the overlapping PUCCH/PUSCH scenario shown in Figure 1 was discussed, 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. Hence, 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: _Toc146849555][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.
Proposed 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
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 and is already supported since Rel-17 as an optional UE capability but for different priority (see the corresponding specifications below). 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. 
	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. The reason is that in general, it is preferred UCI is multiplexed in PUSCH, specially for the transmission of the same priority. That results in better coverage due to not splitting power between PUCCH and PUSCH. Moreover, 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.  In other words, we are keen of a solution that matches the realities of the current deployments and ease of availability.
On the network side, in case of overlapping PUCCH and PUSCHs, the gNB has to be prepared for decoding PUCCHs or PUSCHs without multiplexed UCI as well as PUSCHs with multiplexed UCI. The reason is that the gNB would take into account the possibility of DL miss-detection which can result in missed UL grant or missed DL assignment and hence no PUCCH. Hence, such a solution does not change the gNB implementation or add additional complexity. 
Therefore, we propose to relax the existing scheduling restriction by the following solution as an optional UE capability. Please see the potential TP for TS 38.213 in Appendix for relaxing the existing scheduling restriction.
[bookmark: _Toc146849556]When a PUSCH in an SCell overlaps with PUCCHs carrying the same UCI type in different slots in a PCell of larger SCS than the SCell, the UE transmits the PUSCH(s) and PUCCHs simultaneously if the UE supports the corresponding capability (new capability to be introduced). 
3	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.
Based on the discussion in the previous sections we propose the following:
Proposal 1	When a PUSCH in an SCell overlaps with PUCCHs carrying the same UCI type in different slots in a PCell of larger SCS than the SCell, the UE transmits the PUSCH(s) and PUCCHs simultaneously if the UE supports the corresponding capability (new capability to be introduced).
Appendix (Proposed TS38.213 TP, V16.15.0)
	======================= START of Text Proposal =====================
[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164][bookmark: _Toc45699190][bookmark: _Toc129774557]9	UE procedure for reporting control information
**************** unchnaged Text omitted ******************



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 . In this case, if the UE supports [Capability XYZ], the UE transmits the PUSCH and the PUCCHs simultaneously.  
**************** unchnaged Text omitted ******************
========================= End of Text Proposal =======================
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