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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Ref16006416]In the contribution, we provide our views on UE feature for Multi-carrier enhancements for NR.
2. UE features for multi-cell scheduling
[bookmark: _Ref115427046]UE capabilities can be classified as basic capabilities and optional capabilities. Basic capabilities for R18 multi-carrier scheduling (mc-scheduling) are to ensure that the basic features and essential functions of mc-scheduling are supported by UE, while optional capabilities may be related to some advanced features or fancy designs.
As per RAN1 agreement, a series of legacy DCI fields are carried by mc-DCI, including some related to optional capability signalling reporting. Further discussion is needed regarding whether support of those fields and corresponding features in mc-DCI should be mandated or optional. Here is one method for determining basic and optional fields/features: 
1. Basic features are the ones that have existed since R15, or their corresponding fields are mandatorily present in fallback DCI or non-fallback DCI, such as PDCCH monitoring/TDRA/FDRA/HARQ, etc. 
2. Optional features are usually requiring optional R15-17 UE capabilities reporting. 
The basic capability of R18 mc-scheduling should include the monitoring of DCI format 0_X/1_X. Additionally, as per RAN1 agreement, separate reporting for the maximum number of the supported co-scheduled cells for UL and DL is needed considering that the UE’s capabilities of uplink CA and downlink CA may be asymmetric.
Regarding PDCCH monitoring of DCI format 0_X/1_X, it is agreed that the BD/CCE of mc-DCI is counted on the reference cell, which may also be configured with sc-DCI monitoring. The monitoring capability of mc-DCI and sc-DCI should share the legacy R17 BD/CCE limit. For basic UE, decoding both mc-DCI and sc-DCI simultaneously for the same reference cell should not be mandatory. Separate monitoring of mc-DCI and s-c-DCI is sufficient in most cases while supporting such kind of simultaneous monitor requires additional hardware processing capability. 
[bookmark: _Ref131787597]Proposal 1. Simultaneous monitoring of both DCI format 0_0/0_1/0_2(if supported) and DCI format 0_X simultaneously for the same reference cell is an optional feature for mc-scheduling.
[bookmark: _Ref131787599]Proposal 2. Simultaneous monitoring of both DCI format 1_0/1_1/1_2(if supported) and DCI format 1_X simultaneously for the same reference cell is an optional feature for mc-scheduling.

Regarding HARQ-ACK for mc-scheduling, as all co-scheduled cells have the same SCS and the same PUCCH resource, the generation procedure of Type-1 HARQ-ACK codebook for mc-scheduling is almost identical to that of for sc-scheduling, which is mandatorily supported with capability signalling reporting in R15. Thus, the support of Type-1 HARQ-ACK generation for mc-scheduling can be considered a basic capability. But for Type-2 HARQ-ACK codebook for mc-scheduling, as several changes, including changes on DAI counting, and the number of HARQ-ACK bits per DCI are introduced, Type-2 HARQ-ACK codebook for mc-scheduling should be an optional feature. 
[bookmark: _Ref131787600]Proposal 3. Support of Type-1 HARQ-ACK codebook is a basic feature for mc-scheduling.
[bookmark: _Ref131787601]Proposal 4. Support of Type-2 HARQ-ACK codebook is an optional feature for mc-scheduling.

Regarding whether/how to support existing optional features of other WIs in earlier releases or future releases, some issues need to be discussed.
Firstly, in R15-17, 3GPP introduced a series of capability signaling to indicate the support for some specific features in sc-DCI. When it comes to mc-DCI, an issue that needs to be resolved is how to determine which of these features/DCI fields the UE mandatorily supports for the mc-scheduling. Should RAN1 introduce a new R18 capability for each of the features/DCI fields that have introduced UE capability signaling, or should RAN1 simply reuse the existing capabilities defined for a legacy DCI format (e.g., DCI format 0-1/1-1) and extend the corresponding features to mc-DCI? 
An example is DCI-based BWP switching. In R15, NW can include a BWP indicator in a sc-DCI and trigger BWP switching via a sc-DCI only if the UE reported a per Band capability bwp-SameNumerology or bwp-DiffNumerology for DCI-based BWP switching. For mc-scheduling, whether new mc-DCI-based BWP switching capabilities, e.g., bwp-SameNumerology-DCI-0-X-And-DCI-1-X, bwp-DiffNumerology-DCI-0-X-And-DCI-1-X are needed? Or, legacy capability can be directly reused, and NW assumes that mc-DCI-based BWP switching capability is supported by UE if the UE reported bwp-SameNumerology or bwp-DiffNumerology for at least one of the co-scheduled cells? Another example is Type-3 HARQ-ACK codebook, which is an optional feature with capability signalling in NRU, it seems that the legacy capability signalling can be reused in this case.
In most cases, reusing the existing capabilities could be feasible. But for dormancy/deactivation, one question that needs clarification is whether the dormancy/deactivation of the reference cell needs additional capability indication. Similar discussions had occurred in R17 DSS regarding the dormancy/deactivation of sScell. In R17 DSS, scheduling from Pcell falls back to self-scheduling only, and the BD/CCE budget for Pcell self-scheduling changes after the sScell becomes dormant or deactivated. As this dormancy/deactivation procedure results in the redistribution of BD/CCE counting, new UE capabilities were introduced for dormancy/deactivation of the sScell. Similarly, if the reference cell becomes dormant or deactivated, the mc-DCI scheduling function should be disabled. As discussed earlier, when the UE monitors both mc-DCI and sc-DCI for a reference cell, the monitoring of mc-DCI and sc-DCI shares the legacy R17 BD/CCE limit dynamically. If mc-scheduling is disabled, the reference cell falls back to sc-DCI-based scheduling only, and the single-cell scheduling for the reference cell is subject to the R17 BD/CCE limit. On the other hand, since PDCCH monitoring for sc-DCI scheduling the reference cell is not performed when the reference cell is dormant or deactivated, the dormancy/deactivation procedure of the reference cell may not cause a BD/CCE budget re-allocation. Therefore, reusing existing capability is also feasible for this case.
[bookmark: _Ref131697486][bookmark: _Ref131697556]Proposal 5. For each existing optional NR UE feature that corresponds to a field agreed to be included in mc-DCI, consider one of the following:
-  Alt1. Existing UE capabilities for the feature can be directly reused to indicate the support of this feature and the corresponding DCI field for mc-DCI when the UE capabilities are reported together with the basic capability of mc-DCI monitoring.
-  Alt2. Introduce new UE capabilities for supporting the feature for mc-scheduling.

Secondly, in addition to the existing fields, mc-DCI also introduces some new fields and functions. 
It should be noted that although ‘Antenna port(s)’, ‘Precoding information and number of layers’ and ‘SRS resource indicator’ are existing fields, they are different from the legacy sc-scheduling in that the types of these fields are configurable between Type-1A and Type2. Since Type-1A and Type-2 lead to different field structures and interpretations, it is unreasonable to force basic UEs to support both types for a single field. The support of type configurability should be an optional feature. For simplicity, basic UE may only support these three fields as Type-2. If UE is not informed by NW of the field type for these fields, Type-2 is assumed by default.
[bookmark: _Ref131697488]Proposal 6. Support of configurability between Type 1A and Type-2 is an optional feature. If UE does not report the support of configurability between Type 1A and Type-2 for ‘Antenna port(s)’, ‘Precoding information and number of layers’ or ‘SRS resource indicator’, it means that UE only supports these fields as Type-2.

The indicator of cell sets and the indicator of co-scheduled cells are new fields introduced in R18. Regarding the ‘cell set indication’, support of one cell set should be a basic capability, and advanced UEs can further report the number of supported cell sets. Regarding indicating cell combinations, two solutions are agreed: 
1) indication based on cell combination indicator; 
2) indication based on FDRA. 
The two solutions would result in different DCI structures and interpretations. Both solutions work. But it is not necessary to force basic UEs to support both solutions. If each cell combination in a cell set only contains a subset of the cell set, the solution 1) is favorable as it makes the DCI decoding easier to UE (as the cell indication is a standalone dedicated field), and it has better flexibility and a smaller DCI size. If there is a cell combination containing all the cells in the cell set, these two solutions are almost the same in terms of DCI structures and interpretations. Whether to support a cell combination that includes all cells in a cell set can be considered a prerequisite for supporting the FDRA-based solution. In other words, the cell combination indicator-based solution, which is always applicable, should be a mandatory capability, while the support of a cell combination that includes all cells in a cell set can be an optional capability.
[bookmark: _Ref131697489]Proposal 7. The cell combination indicator-based solution should be a basic feature, while the support of a cell combination that includes all cells in a cell set and FDRA-based cell combination indication can be an optional capability.
[bookmark: _Ref131697490]Proposal 8. Regarding the cell set indication, the support of one cell set should be a basic feature, and advanced UEs can further report the support of more cell sets.

In 38.306, the number of unicast DCIs that can be processed per scheduled cell per scheduling CC slot has been specified. With mc-DCI introduced in R18, it should be clarified whether these restrictions are applicable to mc-DCI. For simplicity, a mc-DCI should be considered as a unicast DCI from the perspective of the reference cell, and the total number of unicast sc-DCIs and mc-DCIs that can be proceeded simultaneously in a scheduling CC slot should not exceed the maximum number specified in the 38.306:
	crossCarrierSchedulingProcessing-DiffSCS-r16
Indicates the UE cross carrier scheduling processing capability for DL carrier aggregation processing up to X unicast DCI scheduling for DL per scheduled CC. X is based on pair of (scheduling CC SCS, scheduled CC SCS) where a pair of (15,120), (15,60), (30,120) kHz SCS can have X = {1,2,4} while a pair of (15,30), (30,60), (60,120) kHz SCS can have X = {2}, and X applies per slot of scheduling CC.
	FS
	No
	N/A
	N/A

	crossCarrierSchedulingProcessing-DiffSCS-r16
Indicates the UE cross carrier scheduling processing capability for UL carrier aggregation processing up to X unicast DCI scheduling for UL per scheduled CC. X is based on pair of (scheduling CC SCS, scheduled CC SCS) where a pair of (15,120), (15,60), (30,120) kHz SCS can have X = {1,2,4} while a pair of (15,30), (30,60), (60,120) kHz SCS can have X = {2}, and X applies per slot of scheduling CC.
	FS
	No
	N/A
	N/A


[bookmark: _Ref131697491]Proposal 9. From the perspective of the reference cell counting toward the BD/CCE/DCI size of mc-DCI, a mc-DCI is considered as a unicast DCI, and the total number of mc-DCI and sc-DCI for the reference cell should not exceed the legacy restriction of the maximum number of unicast DCI specified in 38.306.

With the above logic, an example of the corresponding UE feature for DCI monitoring in R18 mc-scheduling is as below. The previous agreements on the restrictions for mc-scheduling are also reflected in the table.
[bookmark: _Ref131787004]Proposal 10. For mc-scheduling, consider the FGs in Table 1.
[bookmark: _Ref131787299]Table 1. Example of UE feature for mc-scheduling
	Index
	Feature group
	Components
	note

	XX-1
Basic
(mandatory with signalling)
	Monitoring DCI format 0_X and DCI format 1_X
	1. Support monitoring DCI format 0_X for UL scheduling 
a)The maximum number of co-scheduled UL CCs supported by the UE
2, Support monitoring DCI format 1_X for DL scheduling
a)The maximum number of co-scheduled DL CCs supported by the UE
3. UE is not expected to monitor both DCI format 0_0/0_1/0_2(if supported) and DCI format 0_X simultaneously for the same reference cell
4. UE is not expected to monitor both DCI format 1_0/1_1/1_2(if supported) and DCI format 1_X simultaneously for the same reference cell
5. Number of cell set N
6. Support HARQ enhancements for Type 1 HARQ codebook for multi-cell PDSCH scheduling with same SCS/carrier type/duplex mode among the co-scheduled cells
7. DCI format 0_X/1_X includes an indicator to indicate the co-scheduled cells

	Component 1-a), the candidate value are {2,3,4}
Component 2-a) , the candidate values are {2,3,4}
Component 5, the candidate values are {1,2}
Note:
UE supports that a DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same SCS is used among all the co-scheduled cells including the scheduling cell.
UE supports that a DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same SCS is used among all the co-scheduled cells which may be same or different to the SCS of the scheduling cell.
UE does not support that a DCI format 0-X/1-X on a scheduling cell can schedule multiple cells and different SCS are used among all the co-scheduled cells.
UE only supports that a DCI format 0-X/1-X on a scheduling cell can schedule multiple cells and the same carrier type (licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells.
UE does not support both CBG-based PDSCH/PUSCH transmission and the multi-cell PDSCH/PUSCH scheduling on the same or different cells within a same PUCCH group
UE does not support both multi-PDSCH scheduling and multi-cell PDSCH scheduling on the same or different cells within a same PUCCH group.
UE does not support enhanced Type-2 HARQ-ACK codebook for the multi-cell PUSCH/PDSCH scheduling by a DCI format 0-X/1-X.
UE supports Type-1 HARQ-ACK codebook only for the case where co-scheduled cells by a DCI format 1_X have same SCS/carrier type/duplex mode.
UE does not support that more than one scheduling cells are configured for DCI format 0_X/1_X for each scheduled cell.
UE does not support PUSCH repetition Type B operation with DCI format 0_X (i.e. UE cannot be configured with PUSCH repetition Type B applicable for DCI format 0_1)
UE does not support that SCell schedules multiple cells including P(S)Cell.
UE does not support that both multi-cell PDSCH/PUSCH scheduling and multi-TRP are configured for a scheduled cell.
UE does not support that PCell schedules multiple cells by DCI format 0_X/1_X when a sSCell is configured to schedule PCell

	XX-1a
optional
	Monitoring both DCI format 0_1/0_0/0_2(if supported) and DCI format 0_X simultaneously
	Support monitoring of both DCI format 0_0/0_1/0_2(if supported) and DCI format 0_X simultaneously for the same reference cell
	

	XX-1b
optional
	Monitoring both DCI format 1_1/1_0/1_2(if supported) and DCI format 1_X simultaneously
	Support monitoring of both DCI format 1_0/1_1/1_2(if supported) and DCI format 1_X simultaneously for the same reference cell
	

	XX-2
optional
	Type-2 HARQ-ACK codebook for multi-cell PDSCH scheduling
	Support HARQ enhancements for type 2 HARQ codebook for multi-cell PDSCH scheduling
	

	XX-3
optional
	FDRA-based cell combination indicator
	Support all the cells in a cell set to be scheduled by a DCI format 0-X/1-X 
Support indicating a scheduled cell combination by FDRA
	The UE determines the actually scheduled cell(s) based on the FDRA field of each cell of the set of cells.
-For Type 0 FDRA, all 0s indicates the cell is not scheduled.
-For Type 1 FDRA, all 1s indicates the cell is not scheduled.

	XX-4
optional
	Configurable field Type
	Support ‘Antenna port(s)’, ‘Precoding information and number of layers’ and ‘SRS resource indicator’ being configurable between Type 1A and Type-2
	



1. 
2. 
3. UE features for TX switching
	Agreement in RAN1 112[1] 
Confirm the working assumption with following updates
(working assumption) If two uplink switching are triggered and UL transmissions involved in the two uplink switching are on more than 2 bands within any two consecutive reference slots, then the time duration between the start of all transmission(s) after the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a maximum of X us and the switching gap required for the second uplink switching.
X us is subject to UE capability with a value set of {0us, 500us}


[bookmark: OLE_LINK1]It has been agreed that the minimum separation time is a maximum of X us and the switching gap required for the second uplink switching, and the X us is subject to UE capability with a value set of {0us, 500us}. Regarding the granularity of this UE capability, it can be reported per UL Tx switching band combination for simplicity.
[bookmark: _Ref131697493]Proposal 11. UE reports the value of X us per UL Tx switching band combination.
	1Tx-1Tx switching case[2]：
In RAN4 #106, RAN4 discussed the scenario of 1Tx-1Tx switching, i.e., the UL carriers in both bands before and after switching are capable of one transmit antenna connector, and agreed to apply the same length of switching period for 1Tx-1Tx switching and 1Tx-2Tx switching.


It has been agreed to apply the same length of switching period for 1Tx-1Tx switching and 1Tx-2Tx switching in RAN4’s LS. However, how to report the 1Tx-1Tx switching period needs clarification. One understanding is that a single parameter is reported (e.g.: uplinkTxSwitchingPeriod-r16) applying for both 1Tx-1Tx switching and 1Tx-2Tx switching. Another understanding is that two parameters (e.g.: uplinkTxSwitchingPeriod-r16, uplinkTxSwitching1T1T-r18) are reported separately applying for 1Tx-2Tx switching and 1Tx-1Tx switching respectively, but the two parameters should have the same value. In our view, there is no additional benefit to introducing a new parameter to indicate 1Tx-1Tx switching period. For simplicity, the legacy parameter uplinkTxSwitchingPeriod-r16 is applied for both 1Tx-1Tx switching and 1Tx-2Tx switching.
[bookmark: _Ref131697494]Proposal 12. The legacy parameter uplinkTxSwitchingPeriod-r16 is applied for both 1Tx-1Tx switching and 1Tx-2Tx switching.
4. Conclusion
In this contribution, we have the following proposals:
Proposal 1. Simultaneous monitoring of both DCI format 0_0/0_1/0_2(if supported) and DCI format 0_X simultaneously for the same reference cell is an optional feature for mc-scheduling.
Proposal 2. Simultaneous monitoring of both DCI format 1_0/1_1/1_2(if supported) and DCI format 1_X simultaneously for the same reference cell is an optional feature for mc-scheduling.
Proposal 3. Support of Type-1 HARQ-ACK codebook is a basic feature for mc-scheduling.
Proposal 4. Support of Type-2 HARQ-ACK codebook is an optional feature for mc-scheduling.
Proposal 5. For each existing optional NR UE feature that corresponds to a field agreed to be included in mc-DCI, consider one of the following:
-  Alt1. Existing UE capabilities for the feature can be directly reused to indicate the support of this feature and the corresponding DCI field for mc-DCI when the UE capabilities are reported together with the basic capability of mc-DCI monitoring.
-  Alt2. Introduce new UE capabilities for supporting the feature for mc-scheduling.
Proposal 6. Support of configurability between Type 1A and Type-2 is an optional feature. If UE does not report the support of configurability between Type 1A and Type-2 for ‘Antenna port(s)’, ‘Precoding information and number of layers’ or ‘SRS resource indicator’, it means that UE only supports these fields as Type-2.
Proposal 7. The cell combination indicator-based solution should be a basic feature, while the support of a cell combination that includes all cells in a cell set and FDRA-based cell combination indication can be an optional capability.
Proposal 8. Regarding the cell set indication, the support of one cell set should be a basic feature, and advanced UEs can further report the support of more cell sets.
Proposal 9. From the perspective of the reference cell counting toward the BD/CCE/DCI size of mc-DCI, a mc-DCI is considered as a unicast DCI, and the total number of mc-DCI and sc-DCI for the reference cell should not exceed the legacy restriction of the maximum number of unicast DCI specified in 38.306.
Proposal 10. For mc-scheduling, consider the FGs in Table 1.
Proposal 11. UE reports the value of X us per UL Tx switching band combination.
Proposal 12. The legacy parameter uplinkTxSwitchingPeriod-r16 is applied for both 1Tx-1Tx switching and 1Tx-2Tx switching.
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