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1. Introduction
RRM requirements for FR1+FR1 NR-DC are missing in TS 38.133. The objective of defining corresponding requirements is included in Rel-18 WI [1] and further revised [2]. In RAN4#104-bis-e, the scope of the objective and RRM impacts are initially discussed with agreements captured in [3]. In this paper, we further provide our views of RRM impact of the objective.
2. Discussion
In last RAN4 meeting, the scope was initially discussed with following agreements:
	Issue 1-1-1: Applicability of the existing requirement for FR1+FR1 NR-DC
<Agreement on Friday GTW>:
For the features/requirements that have already been complied with FR1+FR1 NR-DC
· keep current applicability rules as they are.
For requirements explicitly listed in the WID:
· If applicability rules are specified for FR1+FR2 NR-DC requirements in the existing spec, applicability rules for FR1+FR1 NR-DC requirements are also specified;

< Way forward >:
For requirement not listed in the WID, 
· Option 1(Intel): If it can be applied for FR1+FR2 NR-DC, check whether it can apply for FR1-FR1 NR DC. If yes, some applicability update may be needed. Otherwise, not applicable to FR1-FR1 NR-DC.
· Option 2(OPPO, MTK, QC, Apple): Not applicable to FR1-FR1 NR-DC, i.e. no UE requirement applies. Any extension of scope needs to be discussed in RAN-P.
· Option 3(vivo): Further Check whether there need any additional changes at drafting CR stage.



The controversial part is how to treat the requirements which is not explicitly mentioned in the WID. Based on the WID, other R16/17 features are not considered. For R15 requirements, they can be discussed in WI stage. 
Objective 1: R16/17 features not listed in the WID are not to be considered. R15 requirements are not precluded and are subject to WI stage discussion.
Thus, it is clear that R16/17 features not listed in the WID are not to be considered for FR1+FR NR-DC. For Rel-15 requirements which are mainly basic features/requirements, e.g. timing requirements, SCell activation requirements. Whether these requirements need to be additionally considered can be further check at CR stage.
Proposal 1: Focus on requirements explicitly listed in the WID. R16/17 features not listed in the WID will not be considered. For R15 requirements, it can be further check at CR stage.
Another controversial discussion is about the scheduling availability. The current status are summarized as follows:
	Issue 1-4-1: Scheduling availability for RLM/BFD/CBD/L1-RSRP measurements
<Way forward>: Candidate options:
· Option 1: For RLM/BFD/CBD/L1-RSRP, the existing scheduling availability requirement for FR1 inter-band CA is used for FR1-FR1 NR-DC scenario.
· When inter-band carrier aggregation within FR1 or FR1+FR1+NR-DC is performed, there are no scheduling restrictions on FR1 serving cell(s) in the bands due to radio link monitoring performed on FR1 serving PCell or PSCell in different bands.
· Option 2: there are no scheduling restrictions on FR1 serving cells in the CG which is not the same CG that RLM/BFD/CBD/L1-RSRP performed.


Issue 1-4-2: Scheduling availability for intra-frequency measurement without MG
<Way forward>: Candidate options:
· Option 1: the existing scheduling availability requirement of UE performing measurements in TDD bands in FR1 inter-band CA case is used for FR1-FR1 NR-DC scenario. 
· No need to introduce scheduling availability requirement of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1 for FR1-FR1 NR-DC scenario.
· Option 2: No need to introduce scheduling availability requirements of UE performing measurements for FR1+FR1 NR-DC scenario. 


Issue 1-4-3: Scheduling availability for inter-frequency measurement without MG
<Way forward>: Candidate options:
· Option 1:
· No need to introduce scheduling availability requirement of UE performing measurements in TDD bands for FR1-FR1 NR-DC scenario unless such requirement is introduced for FR1 inter-band CA. 
· No need to introduce scheduling availability requirement of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1 for FR1-FR1 NR-DC scenario.
· Option 2: No need to introduce scheduling availability requirements of UE performing measurements for FR1+FR1 NR-DC scenario.




Based on the discussion in last meeting, we did not observe significant difference among options. The common understanding is that there is no scheduling for FR1+FR1 inter-band NR-DC. The only difference is about how to reflect such principle in the spec. Thus, regarding the specification drafting, it is preferred to use the existing spec as much as possible.
	simultaneousRxTxInterBandCA
Indicates whether the UE supports simultaneous transmission and reception in TDD-TDD and TDD-FDD inter-band NR CA. If this field is included in ca-ParametersNR-ForDC, it indicates the UE supports simultaneous transmission and reception between any UL/DL band pair within a cell group and across MCG and SCG in TDD-TDD and TDD-FDD inter-band NR-DC. It is mandatory for certain TDD-FDD and TDD-TDD band combinations defined in TS 38.101-1 [2], TS 38.101-2 [3] and TS 38.101-3 [4].
	BC
	CY
	N/A
	N/A



	simultaneousRxDataSSB-DiffNumerology
Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].
	UE
	No
	No
	Yes



	simultaneousRxDataSSB-DiffNumerology-Inter-r16
Indicates whether the UE supports concurrent SSB based inter-frequency measurement without measurement gap on neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5]. UE indicates support of this indicates support of interFrequencyMeas-NoGap-r16. If this parameter is indicated for FR1 and FR2 differently, each indication corresponds to the frequency range where the SSB and PDCCH/PDSCH are received.
	UE
	No
	No
	Yes



A measurement is defined as an inter-frequency SSB based measurements without measurement gaps (either legacy measurement gap or NCSG) for UE capable of interFrequencyMeas-NoGap provided
-	the UE supports interFrequencyMeas-Nogap-r16 [15], and
-	the SSB is completely contained in the active BWP of the UE.
The related UE capabilities are copied above. It could be observed that simultaneousRxTxInterBandCA can also apply to NR-DC between band pairs within and across CGs. For simultaneousRxDataSSB-DiffNumerology, it is only used for intra-frequency which is apparently it will not impact the scheduling for FR1+FR1 inter-band NR-DC. Similarly, for inter-frequency without gap, according to the conditions that SSB is completely contained in the active BWP of the UE, the simultaneousRxDataSSB-DiffNumerology-Inter-r16 is also not impact data scheduling for FR1+FR1 inter-band NR-DC.
Proposal 2: For RLM/BFD/CBD/L1-RSRP, the existing scheduling availability requirement for FR1 inter-band CA is used for FR1-FR1 NR-DC scenario.
-	When inter-band carrier aggregation within FR1 or FR1+FR1+NR-DC is performed, there are no scheduling restrictions on FR1 serving cell(s) in the bands due to radio link monitoring performed on FR1 serving PCell or PSCell in different bands.
Proposal 3: For intra-frequency measurement without MG, the existing scheduling availability requirement of UE performing measurements in TDD bands in FR1 inter-band CA case is used for FR1-FR1 NR-DC scenario. 
-	No need to introduce scheduling availability requirement of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1 for FR1-FR1 NR-DC scenario.
Proposal 4: For inter-frequency measurement without MG:
No need to introduce scheduling availability requirement of UE performing measurements in TDD bands for FR1-FR1 NR-DC scenario unless such requirement is introduced for FR1 inter-band CA. 
No need to introduce scheduling availability requirement of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1 for FR1-FR1 NR-DC scenario.
For measurement restriction, the status are quite similar with following options:
	< Way forward >:
· Option 1(Huawei, OPPO, Xiaomi, Intel, MediaTek, vivo, Apple, Qualcomm): the existing measurement restriction requirement can be reused for FR1-FR1 NR-DC scenario.	
· Option 2(Ericsson, Nokia): No measurement restriction is needed for NR-DC scenario including FR1+FR1 and FR1+FR2. 



For option 1, it does not mean RAN4 to define additional measurement restrictions for FR1-FR1 NR-DC. Instead, it means that there is no spec impacts on existing measurement restrictions. Take the measurement restriction for L1-RSRP as example which is shown as follows. It could be observed that the measurement restrictions are defined for the case when SSB/CSI-RS for measurement are overlapped with each other, which is within the same serving cell, and it is irrelevant to CA or DC. In other words, for UE supporting FR1+FR1 NR-DC, the following measurement restrictions shall also apply when the SSB and CSI-RS for L1-RSRP measurement are overlapped in one serving cell.
	9.5.5.2	Measurement restriction for CSI-RS based L1-RSRP
For both FR1 and FR2, when the CSI-RS for L1-RSRP measurement is in the same OFDM symbol as SSB for RLM, BFD, CBD or L1-RSRP measurement, UE is not required to receive CSI-RS for L1-RSRP measurement in the PRBs that overlap with an SSB.
For FR1, when the SSB for RLM, BFD, CBD or L1-RSRP measurement is within the active BWP and has same SCS than CSI-RS for L1-RSRP measurement, the UE shall be able to perform CSI-RS measurement without restrictions.
For FR1, when the SSB for RLM, BFD, CBD or L1-RSRP measurement is within the active BWP and has different SCS than CSI-RS for L1-RSRP measurement, the UE shall be able to perform CSI-RS measurement with restrictions according to its capabilities:
-	If the UE supports simultaneousRxDataSSB-DiffNumerology the UE shall be able to perform CSI-RS measurement without restrictions.
-	If the UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not both CSI-RS for L1-RSRP measurement and SSB. Longer measurement period for CSI-RS based L1-RSRP measurement is expected, and no requirements are defined.
For FR1, when the CSI-RS for L1-RSRP measurement is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement, UE shall be able to measure the CSI-RS for L1-RSRP measurement without any restriction.



Proposal 5: The existing measurement restriction requirement can be reused for FR1-FR1 NR-DC scenario (No spec impact).
For the additional uncertainty delay for collision between PCell RACH and PSCell RACH. The related RAN1 spec are shown as follows:
	TS 38.213
[bookmark: _Toc12021456][bookmark: _Toc20311568][bookmark: _Toc26719393][bookmark: _Toc29894824][bookmark: _Toc29899123][bookmark: _Toc29899541][bookmark: _Toc29917278][bookmark: _Toc36498152][bookmark: _Toc45699178][bookmark: _Toc99993795]7.6.2	NR-DC
If a UE is configured with an MCG using NR radio access in FR1 or in FR2 and with a SCG using NR radio access in FR2 or in FR1, respectively, the UE performs transmission power control independently per cell group as described in clauses 7.1 through 7.5.

[bookmark: _Toc12021452][bookmark: _Toc20311564][bookmark: _Toc26719389][bookmark: _Toc29894820][bookmark: _Toc29899119][bookmark: _Toc29899537][bookmark: _Toc29917274][bookmark: _Toc36498148][bookmark: _Toc45699174][bookmark: _Toc99993791]7.5	Prioritizations for transmission power reductions
For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion [image: ] would exceed [image: ], where [image: ] is the linear value of [image: ] in transmission occasion [image: ] as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to [image: ] for that frequency range in every symbol of transmission occasion [image: ].



It could be observed from above requirements that, clause 7.6.2 are only for FR1+FR1 or FR1+FR2 NR-DC. For NR-DC with MCG and SCG in different frequency range, UE shall perform power control independently per cell group. For FR1+FR1 NR-DC, there is no transmission dropping as discussed for EN-DC. Thus, there is no need of additional uncertainty delay assuming UE has independent power control and no transmission will be delayed or dropped for FR1+FR1 NR-DC.
Proposal 6: No need of additional uncertainty delay assuming UE has independent power control and no transmission will be delayed or dropped for FR1+FR1 NR-DC
For CSSF requirements, one remaining issue is for CSSF within gap on whether to update the mapping to group A and group B. The status are shown as follows:
	· FFS Option 1: For CSSF within gap, update the grouping rule:
If the number of configured interfrequency and interRAT measuerement objects and NR PRS measurements on all positioning frequency layers is zero and the UE is configured with per UE gaps:
   - intrafrequency measurement objects of MCG belong to group A
		- intrafrequency measurement objects of SCG belong to group B



Based on the explanations from companies, it seems current spec is still working without updating. For FR1+FR1 NR-DC, it belongs to the case when MgroupB,i,j = 0. Then for equal sharing or non-equal sharing, current CSSF calculation can cover FR1+FR1 NR-DC.
		If measGapSharingScheme is equal sharing, CSSFwithin_gap,i= max(ceil(Ri×Mtot,i,j)), where j=0…(160/MGRP)-1
	If measGapSharingScheme is not equal sharing and
-	measurement object i is a group A measurement object, CSSFwithin_gap,i is the maximum among
-	ceil(Ri×Kintra×MgroupA,i,j) in gaps where MgroupB,i,j≠0, where j=0…(160/MGRP)-1
-	ceil(Ri×MgroupA,i,j) in gaps where MgroupB,i,j=0, where j=0…(160/MGRP)-1




For CSSF within gap for FR1+FR1 NR-DC, existing requirements can apply.
Proposal 7: For CSSF within gap for FR1+FR1 NR-DC, existing requirements can apply.


3. Conclusions
Objective 1: R16/17 features not listed in the WID are not to be considered. R15 requirements are not precluded and are subject to WI stage discussion.
Proposal 1: Focus on requirements explicitly listed in the WID. R16/17 features not listed in the WID will not be considered. For R15 requirements, it can be further check at CR stage.
Proposal 2: For RLM/BFD/CBD/L1-RSRP, the existing scheduling availability requirement for FR1 inter-band CA is used for FR1-FR1 NR-DC scenario.
-	When inter-band carrier aggregation within FR1 or FR1+FR1+NR-DC is performed, there are no scheduling restrictions on FR1 serving cell(s) in the bands due to radio link monitoring performed on FR1 serving PCell or PSCell in different bands.
Proposal 3: For intra-frequency measurement without MG, the existing scheduling availability requirement of UE performing measurements in TDD bands in FR1 inter-band CA case is used for FR1-FR1 NR-DC scenario. 
-	No need to introduce scheduling availability requirement of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1 for FR1-FR1 NR-DC scenario.
Proposal 4: For inter-frequency measurement without MG:
No need to introduce scheduling availability requirement of UE performing measurements in TDD bands for FR1-FR1 NR-DC scenario unless such requirement is introduced for FR1 inter-band CA. 
No need to introduce scheduling availability requirement of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1 for FR1-FR1 NR-DC scenario.
Proposal 5: The existing measurement restriction requirement can be reused for FR1-FR1 NR-DC scenario (No spec impact).
Proposal 6: No need of additional uncertainty delay assuming UE has independent power control and no transmission will be delayed or dropped for FR1+FR1 NR-DC
Proposal 7: For CSSF within gap for FR1+FR1 NR-DC, existing requirements can apply.
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