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Introduction
In last RAN1#114bis, it discussed on scheduling issue for TDD-FDD CA, and the following was agreed. 
	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 this contribution, we discusses which option should be considered for resolving the issue, and corresponding detailed specification impacts. 

Discussion
Problem statement: TDD PCell (30kHz) + FDD SCell (15kHz)
The PDSCH-to-HARQ_feedback timing indicator field in DCI is used for gNB to indicate PUCCH slot for HARQ-ACK feedback report with reference to the slot of a respective PDSCH reception. For DCI format 1_0, PDSCH-to-HARQ_feedback timing indicator field can be map to {1, 2, 3, 4, 5, 6, 7, 8} slots. For DCI format 1_1, if present, the PDSCH-to-HARQ_feedback timing indicator field can be map to up to 8 values depending on the K1 (i.e., dl-DataToUL-ACK) configuration ranging from 0 to 15. 
In case of TDD-FDD CA where a TDD PCell uses 30 kHz SCS and a FDD SCell uses 15 kHz SCS, the UE does not expect to be scheduled PUSCH transmission in one slot on the SCell and PUCCH transmission with HARQ-ACK in the overlapping two slots on the PCell due to scheduling restriction by the following specification text. Therefore, if PUSCH transmission is scheduled on the SCell, only one UL slot can be used for PUCCH transmission with HARQ-ACK on the PCell (Case 1). Otherwise, two consecutive UL slots can be used for PUCCH transmission with HARQ-ACK on the PCell (Case 2). 
	


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 .


For Case 1, Fig. 1 shows some examples for a deployment of TDD-FDD CA where the TDD PCell uses 30 kHz SCS and the FDD SCell uses 15 kHz SCS. Fig. 1(a) shows a set of 8 K1 values configured as {2, 3, 4, 5, 6, 7, 8, 9} and the first UL slot is used for HARQ-ACK feedback reporting. Fig. 1(b) shows another set of 8 K1 values configured as {3, 4, 5, 6, 7, 8, 9, 10} and the second UL slot is used for HARQ-ACK feedback reporting. In Fig. 1(a), one DL slot cannot be used for PDSCH scheduling because K1 = 11 cannot be supported. Similarly, Fig. 1(b) shows that since K1 = 12 cannot be supported, and a corresponding DL slot cannot be used for PDSCH scheduling. Such scheduling restriction degrades system performance such as peak throughput/data rates. 
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(a) HARQ-ACK feedback transmission on the first UL slot and K1 = {2, 3, 4, 5, 6, 7, 8, 9}
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(b) HARQ-ACK feedback transmission on the second UL slot and K1 = {3, 4, 5, 6, 7, 8, 9, 10}
Figure 1. Example of PDSCH scheduling restriction

	For Case 2, Fig. 2 shows another example for a deployment of TDD-FDD CA where the TDD PCell uses 30 kHz SCS and the FDD SCell uses 15 kHz SCS. Since two consecutive UL slots are available for HARQ-ACK reporting on the PCell, it is sufficient to use the set of 8 K1 values. However, as mentioned before, it is only possible when PUSCH transmission is not scheduled in the overlapping slot on the SCell. Even though there may be no scheduling restriction about PDSCH scheduling for Case 2, it incurs a restriction on PUSCH scheduling. 
[image: ]
Figure 2. Example of PUSCH scheduling restriction

Comparative analysis
The following options are agreed to address the above scheduling issue. 
	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


First, it is understood that all options have a possibility to address the scheduling issue. However, it is important to converge one solution in order to avoid potential fragmentation in future deployment. For example, if different UE vendors have designed different options to resolve the scheduling issue, then most network vendors need to prepare multiple options, which is a factor of increasing the complexity of network operation. 
Observation 1: Adopting multiple options makes network implementation more complex. 

	For option 1, the main advantage might be increasing candidate PUCCH slots where HARQ-ACK would be multiplexed. However, if there would be UL CA cases where it requires more than 16 PUCCH slots, then 4 bits would not be enough. Thus, option 1 might not be a scalable approach. Furthermore, the reliability of PDCCH reception would be marginally lower due to the increased DCI size. Regarding specification impact, option 1 may need larger specification modifications compared to other options. 
	For option 2, this feature has been considered in LTE and Rel-17 URLLC/IIoT similarly. Regardless of UL CA combinations, option 2 can be applicable to solve various scheduling issue because UCI such as HARQ-ACK is always transmitted through PUCCH or PUSCH in PCell. Furthermore, option 2 would be a viable solution to address other complex PUCCH/PUSCH multiplexing issues that have been raised in 3GPP. For example, the multiplexing related to timeline issue across multiple CCs was one of controversial issues that 3GPP has discussed actively before. If option 2 is adopted, it is expected that similar issue will be naturally addressed. However, there might be the problem for reducing coverage since UE should transmit PUCCH and PUSCH simultaneously. It is noted that the scenario raised in [1] and [2] is that one UE is scheduled with PDSCH in consecutive downlink slots, that means it is likely that the UE would be in good channel condition to improve data rate. If the UE would have coverage issue, gNB schedules PDSCH repetition and then the scheduling restriction issue might not be existed because HARQ-ACK information for one TB transmitted in multiple PDSCH consecutive slots would be mapped to one PUCCH slot. Furthermore, if the UE supports higherPowerLimit-r17, it is likely that the UE could adjust uplink power control per cell. 
	For option 4, the main advantage might be solving the scheduling issue with current specification. However, there would be performance degradation. For example, if DCI format 1_0 is considered, it means that network cannot utilize MIMO related features to improve data rate. It is noted that both [1] and [2] have raised the scheduling restriction issue which degrades system performance such as peak throughput/data rates. In that sense, considering DCI format 1_0 is not preferable. For DCI format 1_2, it would be seen as a temporary solution, not be a scalable approach because DCI format 1_1 and 1_2 would require different DCI fields (not only PDSCH-to-HARQ_feedback timing field, but also other DCI fields related to MIMO/MCS/etc.) when the UE needs to support URLLC and eMBB service simultaneously in future. 
	Considering the comprehensive analysis shown in above, we prefer option 2 to address the critical scheduling issue. Potential specification changes are shown in the appendix including new RRC parameter and new UE capability. 
Proposal 1: Support option 2 to address scheduling restriction issue in TDD-FDD CA. 
· Introduce new RRC parameter to enable/disable this feature
· This feature is subject to new UE capability


Conclusions
In this contribution, we discussed pros and cons for each option to address the critical issue identified in real deployment, concluded the following observation and proposal. 
Observation 1: Adopting multiple options makes network implementation more complex. 
Proposal 1: Support option 2 to address scheduling restriction issue in TDD-FDD CA.
· Introduce new RRC parameter to enable/disable this feature
· This feature is subject to new UE capability
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Appendix A (potential TS38.213 TP, v17.7.0)
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---------------------------- unchanged parts are omitted ----------------------------
If a UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both primary PUCCH group and secondary PUCCH group
-	When the procedures are applied for the primary PUCCH group, the terms 'secondary cell', 'secondary cells' , 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the primary PUCCH group respectively.
-	When the procedures are applied for secondary PUCCH group, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including the PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term 'primary cell' in this clause refers to the PUCCH-SCell of the secondary PUCCH group. If pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16 is provided, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16. If harq-ACK-SpatialBundlingPUCCH-secondaryPUCCHgroup is provided, harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUCCH-secondaryPUCCHgroup. If harq-ACK-SpatialBundlingPUSCH-secondaryPUCCHgroup is provided, harq-ACK-SpatialBundlingPUSCH is replaced by harq-ACK-SpatialBundlingPUSCH-secondaryPUCCHgroup. If uci-MuxWithDiffPrioSecondaryPUCCHgroup is provided, uci-MuxWithDiffPrio is replaced by uci-MuxWithDiffPrioSecondaryPUCCHgroup. If simultaneousPUCCH-PUSCH-secondaryPUCCHgroup is provided, simultaneousPUCCH-PUSCH is replaced by simultaneousPUCCH-PUSCH-SecondaryPUCCHgroup. If simultaneousPUCCH-PUSCH-SamePriority-secondaryPUCCHgroup is provided, simultaneousPUCCH-PUSCH-SamePriority is replaced by simultaneousPUCCH-PUSCH- SamePriority-SecondaryPUCCHgroup. If pucch-sSCellSecondaryPUCCHgroup is provided, pucch-sSCell is replaced by pucch-sSCellSecondaryPUCCHgroup. If pucch-sSCellPatternSecondaryPUCCHgroup is provided, pucch-sSCellPattern is replaced by pucch-sSCellPatternSecondaryPUCCHgroup. If pucch-sSCellDynSecondaryPUCCHgroup is provided, pucch-sSCellDyn is replaced by pucch-sSCellDynSecondaryPUCCHgroup. If pdsch-HARQ-ACK-EnhType3SecondaryToAddModList is provided, pdsch-HARQ-ACK-EnhType3ToAddModList is replaced by pdsch-HARQ-ACK-EnhType3SecondaryToAddModList. If pdsch-HARQ-ACK-RetxSecondaryPUCCHgroup is provided, pdsch-HARQ-ACK-Retx is replaced by pdsch-HARQ-ACK-RetxSecondaryPUCCHgroup.
---------------------------- unchanged parts are omitted ----------------------------
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, or is provided simultaneousPUCCH-PUSCH-SamePriority and would transmit a PUCCH and PUSCHs of a same priority index, where the PUCCH and the PUSCHs overlap in time on different respective cells.
[bookmark: _GoBack]-	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 parts are omitted ----------------------------
9.2.5 UE procedure for reporting multiple UCI types
This clause is applicable to the case that a UE has resources for PUCCH transmissions, or for PUCCH and PUSCH transmissions that overlap in time when the UE does not simultaneously transmit PUCCH and PUSCH as described in clause 9, and each PUCCH transmission is over a single slot without repetitions. 
---------------------------- unchanged parts are omitted ----------------------------



Appendix B (potential UE capability TP)
	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 (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	[xx]
	[FG-xyz]
	parallelTxPUCCH-PUSCH-SamePriority 
	Indicates whether the UE supports simultaneous PUCCH and PUSCH transmissions of a same priority index on different cells for inter-band CA.
	
	Yes
	N/A
	
	Per BC
	No
	No
	
	
	Optional with capability signalling



Appendix C (potential RRC parameters TP)
	PhysicalCellGroupConfig ::= SEQUENCE { 
---------------------------- unchanged parts are omitted ----------------------------
simultaneousPUCCH-PUSCH-SamePriority-r17 ENUMERATED {enabled} OPTIONAL, -- Need R 
simultaneousPUCCH-PUSCH-SamePriority-SecondaryPUCCHgroup-r17 ENUMERATED {enabled} OPTIONAL, -- Cond twoPUCCHgroup 
---------------------------- unchanged parts are omitted ----------------------------
}
-- TAG-PHYSICALCELLGROUPCONFIG-STOP 
-- ASN1STOP 
simultaneousPUCCH-PUSCH-SamePriority, simultaneousPUCCH-PUSCH-SamePriority -SecondaryPUCCHgroup 
Enables simultaneous PUCCH and PUSCH transmissions with same priority for the primary PUCCH group and the secondary PUCCH group, respectively. 
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