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1. Introduction
RAN plenary has agreed Rel-18 WI for Even Further RRM requirement for NR and MR-DC [1], to define RRM requirements for FR1-FR1 NR-DC scenarios is one of the objectives in this WI. Initial discussion on RRM requirements for FR1-FR1 NR-DC scenarios started in RAN4#104e meeting. In last RAN4#104e-bis meeting, RAN4 mainly focused on high level impact according to the description in WID and the agreement are captured in the agreed way forward [3].
In this paper, we will provide our view on the RRM requirements for FR1-FR1 NR-DC scenarios based on the discussion in last meeting.
2. Discussion
In the objective description for FR1-FR1 NR-DC in the WID, the RRM requirements in Rel-15 requirements and in Rel-16 and Rel-17 features are needed to be supported for FR1-FR1 NR-DC. In RAN4#104e meeting, we have discussed the RRM requirements listed in the objective description and have some agreement also. All the discussion and agreements are captured in the agreed way forward [3]. 
2.1 Rel-15 RRM requirements
As listed in the WID, For Rel-15 requirements, below RRM requirements need to be supported:
· Number of serving carriers
· [bookmark: _Hlk110846017]PScell addition/release delay
· PSCell change/conditional PSCell change delay
· Scheduling availability
· CSSF
· Others not precluded.
After RAN4#104-e and RAN4#104bis-e meetings’ discussion, we have achieved some conclusion and agreements. In this clause, we will continue the discussion for the open issues in Rel-15 RRM requirements.
Scheduling availability
Scheduling availability during radio link monitoring and link recovery requirements in section 8.1.7, 8.5.7 and 8.5.8 are defined only for CA and FR1-FR2 NR-DC. To support FR1-FR1 NR-DC, the scheduling availability requirements need to be updated.
In last meeting, we have discussed scheduling availability and captured in the WF [3] as below:
	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.


In DC scenarios, when UE perform RLM/BFD/CBD/L1-RSRP on PCell or PSCell, the scheduling restriction will only be applied for the serving cell in the same CG as PCell or PSCell.  it should not impact the scheduling on the serving cells in the other CG. 
Proposal 1: For FR1+FR1 NR-DC, when UE perform RLM/BFD/CBD/L1-RSRP on PCell or PSCell, there are no scheduling restrictions on FR1 serving cells in the other CG. The current requirements for scheduling restriction for FR1 CA are applied for the serving cells within the same CG. 
Current scheduling restriction requirements due to RLM/BFD/CBD/L1-RSRP for NR-DC is specified only for FR1+FR2 NR-DC and also indicated this in the section title, we will need a new section for scheduling restriction for FR1+FR1 NR-DC. 
Proposal 2: New section for Scheduling availability requirements for FR1+FR1 NR-DC is needed to support FR1-FR1 NR-DC due to RLM/BFD/CBD/L1-RSRP performed. Take RLM as an example, the scheduling restriction for RLM could be:  
· There are no scheduling restrictions on FR1 serving cells in SCG due to radio link monitoring performed on FR1 PCell.
· There are no scheduling restrictions on FR1 serving cells in MCG due to radio link monitoring performed on FR1 PSCell.
[bookmark: _Hlk118302982]When UE perform intra-frequency or inter-frequency measurement without gaps in DC scenarios, the scheduling restriction will only be applied for the serving cell in the same CG as PCell or PSCell, it should not impact the scheduling on the serving cells in the other CG. The current requirements for scheduling restriction for FR1 CA are applied for the serving cells within the same CG.

Proposal 3: For FR1+FR1 NR-DC, when UE performing inra-frequency or inter-frequency measurements without gaps, there is no need to introduce scheduling availability requirements for the serving cells in the other CG. The current requirements for scheduling availability for FR1 CA are applied for the serving cells within the same CG.
Measurement restriction
Similar as the discussion for scheduling restriction, in principle, for DC scenarios, UE performing measurement on cells in MCG do not impact the measurement in SCG, no measurement restriction is needed for DC scenarios. And for the measurement restriction within the same CG, the current requirements for measurement restriction for FR1 CA are applied for the cells within the same CG.
Proposal 4: No measurement restriction is needed for NR-DC scenario between MCG and SCG. The current requirements for measurement restriction for FR1 CA are applied for the cells within the same CG.
CSSF
CSSF requirements for NR-DC are defined in section 9.1.5. In last meeting, we have discussed CSSF outside gaps and CSSF within gaps for FR1+FR1 NR-DC. For CSSF outside gaps, RAN4 has agreed that the same rule in FR1+FR2 NR-DC is applied for FR1+FR1 NR-DC and the values are agreed. For CSSF within gaps, current requirements for NR-DC is in section 9.1.5.2.4 (NR-DC: carrier-specific scaling factor for SSB-based and CSI-RS-based L3 measurements performed within gaps). one option was raised to split two groups of intra-F measurement objects for MCG and SCG as below: 
	Issue 1-6-2: CSSF within gap
< Way forward >:
· 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




Our understanding is that a need for split into group A and group B would have to be justified in whether UE is assumed to have a separate searcher available for each CG. Hence, a UE supporting FR1 NR-DC will have a searcher dedicated for MCG and a searcher dedicated for SCG. Such assumption would be aligned with LTE DC.
RAN4 assume that a UE supporting FR1-FR1 NR-DC will have a dedicated searcher for MCG and for SCG.
Assuming that the UE has a dedicated searcher per CG, a split of intra-frequency measurement objects into two groups should be done in order to ensure group (CG) specific requirements in a similar manner as defined for FR1-FR2 NR-DC. This will enable re-using the requirements defined for FR1-FR2 NR-DC:
	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:
	FR1 intrafrequency measurement objects of MCG belong to group A
	FR1 intrafrequency measurement objects of SCG belong to group B
	MgroupA,i,j: The number of FR1 MCG intrafrequency measurement objects Mintra-FR1,i,j , including both SSB and CSI-RS based, which are candidates to be measured in gap j where the measurement object i is also a candidate. Otherwise MgroupA,i,j  equals 0.
	MgroupB,i,j : The number of FR1 SCG intrafrequency measurement objects Mintra-FR1,i,j , including both SSB and CSI-RS based, which are candidates to be measured in gap j where the measurement object i is also a candidate. Otherwise MgroupB,i,j  equals 0.
Proposal 5: [bookmark: _Hlk118757111]CSSF within gaps for FR1+FR1 NR-DC requirements can be based on group A group B assuming UE has dedicated searcher for each CG. 

2.2 Rel-16 and Rel-17 features
As listed in the WID, For Rel-16 and Rel-17 features, below RRM requirements need to be supported:
· HO with PSCell
· SCG activation/deactivation and CPAC
In last meeting, we also discussed the impact of other features like NR-U, MG-enhancement and Redcap, etc. Since they are not in the WID scope, and RAN4 agreed only the listed Rel-16&Rel-17 features in WID will be discussed.

HO with PSCell
In Rel-17 HO with PSCell, we have defined the requirements for HO with PSCell from NR-DC to NR-DC, and only FR1+FR2 NR-DC is supported. In last meeting, we have discussed the new scenarios to support FR1+FR1 NR-DC and agreed on the scenarios and requirements. One open issue is whether to consider the additional uncertainty delay in FR1+FR1 NR-DC to FR1+FR1 NR-DC: 
	Issue 1-7-2: Additional uncertainty delay
< Way forward >: 
FFS:
· Option 1: Additional uncertainty delay for collision between PCell RACH and PSCell RACH occasion need to be counted in HO with PSCell delay requirements and follow the agreement in R17 HO with PSCell to support FR1+FR1 to FR1+FR1 NR-DC 
· Option 2: 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


Based on the discussion in last RAN4 meeting, FR1+FR1 NR-DC is different from EN-DC in HO with PSCell. In EN-DC, collision between PCell RACH and PSCell RACH occasion need to be considered according to TS38.213 7.6.1 because of the power sharing between LTE and NR. However, UE has independent power control and no transmission will be delayed or dropped in FR1+FR1 NR-DC, the RACH occasion collision problem will not exist in HO with PSCell from FR1+FR1 NR-DC to FR1+FR1 NR-DC. 
Proposal 6: No need of additional uncertainty delay for collision between PCell RACH and PSCell RACH occasion in HO with PSCell delay requirements with the assumption of UE has independent power control and no transmission will be delayed or dropped for FR1+FR1 NR-DC. 
[bookmark: _Hlk115429045] 
SCG activation/deactivation and CPAC
SCG activation/deactivation requirements are defined in section 8.17. In the SCG activation delay requirements, Tprocessing, Tsearch and cell known condition are defined only for FR2 PSCell. To support FR1-FR1 NR-DC, the SCG activation delay requirements need to be updated to include FR1 PSCell.
	8.17.2	SCG Activation Delay Requirement
The requirements in this clause shall apply for the UE configured with one deactivated SCG in NR-DC and when PScell in one SCG is being activated.
The delay within which the UE shall be able to activate the deactivated SCG depends upon the specified conditions.
Upon receiving SCG activation command in slot n, the UE shall be capable to transmit PRACH preamble or PUCCH or PUSCH towards PSCell no later than in slot  ,
where:
	Tactivation_time = TRRC_delay + Tprocessing + Tsearch + T∆ + TIU + 2 ms
	TRRC_delay is the RRC procedure delay as specified in TS 38.331 [2].
	Tprocessing is the SW processing time needed by UE, including RF warm up period. When PSCell is activated from deactivated state, if any PSCell parameter is modified, Tprocessing = 20ms. Otherwise, Tprocessing = 5 ms.
[bookmark: _Hlk115446696]	Tsearch is the time for AGC settling and PSS/SSS detection. 
	For RACH based PSCell activation, if the target cell is a known NR FR2 PSCell, Tsearch = 0 ms. If the target cell is an unknown FR2 PSCell and Es/Iot ≥ -2 dB, then Tsearch = 24* Trs ms.
	For RACH-less based PSCell activation, if RLM and BFD are configured and TCI state is known, Tsearch = 0 ms if the target cell is a known FR2 PScell. There are no requirements if PSCell is unknown.
	…….


In last meeting, we discussed Tsearch and FR1 cell known condition in SCG activation and agreed on the Tsearch for RACH based SCG activation and FR1 cell known condition. One open issue is the Tsearch for RACH-less SCG activation which is captured in the WF[3] as below: 
	Issue-1-8-3: Tsearch for RACH-less SCG activation
< Way forward >: 
· Option 1: For RACH-less SCG activation, if the target cell is a known NR FR1 PSCell, Tsearch = 0 ms, and if the target cell is an unknown FR1 PSCell and Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms.
· Option 2: FFS, pending on R17 progress.


Since the discussion in Rel-17 is still ongoing, we would propose to keep it open until we have conclusion in Rel-17 WI.
Proposal 7: FFS on Tsearch for RACH-less based SCG activation since it is pending on R17 progress.

3. Conclusion
In this contribution we have discussed the RRM requirements for FR1-FR1 NR-DC. We have made the following proposals:
1. For FR1+FR1 NR-DC, when UE perform RLM/BFD/CBD/L1-RSRP on PCell or PSCell, there are no scheduling restrictions on FR1 serving cells in the other CG. The current requirements for scheduling restriction for FR1 CA are applied for the serving cells within the same CG. 
Proposal 9: New section for Scheduling availability requirements for FR1+FR1 NR-DC is needed to support FR1-FR1 NR-DC due to RLM/BFD/CBD/L1-RSRP performed. Take RLM as an example, the scheduling restriction for RLM could be:  
· There are no scheduling restrictions on FR1 serving cells in SCG due to radio link monitoring performed on FR1 PCell.
· There are no scheduling restrictions on FR1 serving cells in MCG due to radio link monitoring performed on FR1 PSCell.
Proposal 10: For FR1+FR1 NR-DC, when UE performing inra-frequency or inter-frequency measurements without gaps, there is no need to introduce scheduling availability requirements for the serving cells in the other CG. The current requirements for scheduling availability for FR1 CA are applied for the serving cells within the same CG.
Proposal 11: No measurement restriction is needed for NR-DC scenario between MCG and SCG. The current requirements for measurement restriction for FR1 CA are applied for the cells within the same CG.
RAN4 assume that a UE supporting FR1-FR1 NR-DC will have a dedicated searcher for MCG and for SCG.
Proposal 12: CSSF within gaps for FR1+FR1 NR-DC requirements can be based on group A group B assuming UE has dedicated searcher for each CG. 
Proposal 13: No need of additional uncertainty delay for collision between PCell RACH and PSCell RACH occasion in HO with PSCell delay requirements with the assumption of UE has independent power control and no transmission will be delayed or dropped for FR1+FR1 NR-DC. 
Proposal 14: FFS on Tsearch for RACH-less based PSCell activation in SCG activation requirements for FR1+FR1 NR-DC since it is pending on R17 progress.
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