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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 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 the 1st meeting’s discussion, we have achieved some conclusion and agreements. In this clause, we will continue the discussion for Rel-15 RRM requirements.
Number of serving carriers
In last meeting, we had discussed the the number of serving carriers, and get the below agreements captured in WF [3]: 
	Issue 3-2-1: Number of serving carriers
Agreement:
· RRM requirements for supported number of serving carriers for NR-DC need be updated  for FR1-FR1 NR-DC according to RF specification.
· FFS on exact number of serving carriers for NR-DC.
· Option 1: For FR1+FR1 NR-DC, the number of serving carriers in RRM requirement is up to 6 NR DL CCs in total, with 1 UL in PCell, 1 UL in PSCell and 1 UL in SCell.
· Option 2: Exact number of serving carriers will be updated until the late phase of Rel-18 when RF spec is in more stable.


For number of serving carriers in RRM requirements, it shall be aligned with RF specification based on RRM support requirements. Currently, based on latest RF specification 38.101-1 v17.7.0, we support up to 6 NR DL CCs in total, and up to 3 NR UL CCs in total which include 1 UL in PCell, 1 UL in PSCell and 1 UL in SCell. 
1. [bookmark: _Hlk78994546]In Rel-17 RF specification it is up to 6 NR DL CCs and up to 3 NR UL CCs which include 1 UL in PCell + 1 UL in PSCell + 1 UL in SCell. 
Proposal 1: RRM requirements for supported number of serving carriers for NR-DC need to be updated for FR1-FR1 NR-DC according to RF specification which is up to 6 NR DL CCs and up to 3 NR UL CCs including 1 UL in PCell + 1 UL in PSCell + 1 UL in SCell.
Since we just start Rel-18 work, RF side may have some update during Rel-18 discussion, RRM requirements will be synchronized with RF specification. We will need to check and update to align with RF specification if RF specification has been updated when we start to prepare draftCR. 
1. RRM requirements for supported serving carrier numbers will be updated to align with RF specification if any update has been introduced in RF specification.
PSCell addition/release delay
NR-DC PSCell addition/release delay requirements are defined in section 8.9 in RRM requirements. In last meeting, it was agreed on the updated contents for PSCell addition delay requirements for FR1+FR1 NR-DC after discussion, and it is aligned with the EN-DC case defined in Rel-15. 
One remaining issue is about the interruption requirements in the PSCell release requirements. In section 8.9.3 for PSCell release requirements, about the interruption requirements is described as below highlight part: 
	8.9.3 PSCell Release Delay Requirement 
The requirements in this clause shall apply for a UE which is configured with PCell and one PSCell. 
Upon receiving PSCell release in subframe n, the UE shall accomplish the release actions specified in TS 38.331 [2] no later than in slot n+𝑇𝑅𝑅𝐶_𝑑𝑒𝑙𝑎𝑦𝑁𝑅 𝑠𝑙𝑜𝑡 𝑙𝑒𝑛𝑔𝑡ℎ:
where 
TRRC_delay is the RRC procedure delay as specified in TS 38.331 [2]. 
The PCell interruption specified in clause 8.2 is allowed only during the RRC reconfiguration procedure [2].


This interruption requirements are general and not related to any scenarios. If we need to update the interruption requirements for PSCell release, then, section 8.2 for interruption requirements is the right place. Hence, PSCell release delay requirements defined in section 8.9.3 can be reused directly for FR1+FR1 NR-DC. 
1. The actual interruption requirements for PSCell addition/release are specified in section 8.2. Only reference given in PSCell addition/release delay requirements
Proposal 2: PSCell release delay requirements defined in section 8.9.3 can be reused directly for FR1+FR1 NR-DC.
The interruption requirements in section 8.2.4.2.1 for PSCell/SCell addition/release have already defined the interruption length with considering FR1+FR1 NR-DC, hence we can reuse the interruption requirements directly.
Proposal 3: Interruption requirements in section 8.2.4.2.1 for PSCell addition/release can be reused directly for FR1+FR1 NR-DC.
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.
	Issue 3-2-8: Scheduling availability requirement for RLM/BFD/CBD/L1-RSRP in FR1+FR1 NR-DC
Agreement:
· Scheduling restrictions for UE performing RLM/BFD/CBD/L1-RSRP in case of FR1-FR1 NR-DC needs to be clarified/updated in the specification.
· FFS on option 1a and 2 and 3.
· [bookmark: _Hlk115479497]Option 1a(Apple, OPPO, Intel, Xiaomi, QC, vivo): For RLM/BFD/CBD/L1-RSRP, the existing scheduling availability requirement for FR1 inter-band CA is used for FR1-FR1 NR-DC scenario.
· Option 2(MediaTek, QC): Add inter-band NR-DC scenario in scheduling availability for both FR1+FR1 and FR1+FR2.
· Option 3(Nokia): Other solutions are not excluded. 

Issue 3-2-9: Scheduling availability requirement for L3 measurement in FR1+FR1 NR-DC
FFS:
· Option 1(Apple, OPPO, Intel, Xiaomi, MTK, HW): 
· 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.
· 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.


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. 
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 4: 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.
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. 
Proposal 5: No need to introduce scheduling availability requirements of UE performing measurements for FR1+FR1 NR-DC scenario. 
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.
Proposal 6: No measurement restriction is needed for NR-DC scenario including FR1+FR1 and FR1+FR2. 
CSSF
CSSF requirements for NR-DC are defined in section 9.1.5. it was agreed in last meeting that no change is needed on existing NR-DC CSSF within gaps requirement for FR1+FR1 NR-DC. NR-DC CSSF outside gaps is only specified for FR1+FR2 NR-DC as below, and need to be updated to support FR1+FR1 NR-DC scenarios.
	Table 9.1.5.1.3-1: CSSFoutside_gap,i scaling factor for NR-DC mode
	Scenario
	CSSFoutside_gap,i for FR1 PCC
	CSSFoutside_gap,i for FR1 SCC
	CSSFoutside_gap,i for FR2 PSCC
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is not required
	CSSFoutside_gap,i for inter-frequency MO with no measurement gap

	FR1 + FR2 NR-DC (FR1 PCell and FR2 PScell) Note 1
	1+NPCC_CSIRS 
	2×( NSCC_SSB +Y+2xNSCC_CSIRS)
	2x(1+ NPSCC_CSIRS) Note 2 
	2x(NSCC_SSB +Y+2x NSCC_CSIRS )
	2x(NSCC_SSB +Y+2x NSCC_CSIRS )

	Note 1:	NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG in FR1 and all serving cells in SCG in FR2. 
Note 2:	CSSFoutside_gap,i =1 if  no SCell is configured and no inter-frequency MO without gap and only SSB based L3 measurement is configured on PSCC; CSSFoutside_gap,i =2 if no SCell is configured and no inter-frequency MO without gap and either both SSB and CSI-RS based L3 configured or only CSI-RS based L3 measurement is configured on PSCC.
Note 3:	Y is the number of configured inter-frequency SSB based frequency layers without MG that are being measured outside of MG; otherwise, it is 0.
Note 4:	NPCC_CSIRS=1 if PCC is with either both SSB and CSI-RS based L3 configured or only CSI-RS based L3 measurement configured; otherwise, NPCC_CSIRS =0.
Note 5:	NPSCC_CSIRS=1 if PSCC is with either both SSB and CSI-RS based L3 configured or only CSI-RS based L3 measurement configured; otherwise, NPSCC_CSIRS =0.
Note 6:	NSCC_CSIRS=Number of configured SCell(s) with either both SSB and CSI-RS based L3 measurement configured or only CSI-RS based L3 measurement configured
Note 8:	NSCC_SSB=Number of configured SCell(s) with only SSB based L3 measurement configured, which is measured without MG.






How to update the requirements to support FR1+FR1 NR-DC was also discussed in last meeting, the options are below: 
	Issue 3-2-11: CSSF outside gap for FR1+FR1 NR-DC
Agreement:
· For CSSF, add the scenario of FR1 PCell + FR1 PSCell in CSSFoutside_gap,i.
· FFS on option 1a and 2.
· Option 1a(Apple, Xiaomi, OPPO, vivo, MTK, Ericsson, HW): CSSF outside gap for FR1+FR1 NR-DC is:
	Scenario
	CSSFoutside_gap,i for FR1 PCC
	CSSFoutside_gap,i for FR1 SCC
	CSSFoutside_gap,i for FR1 PSCC
	CSSFoutside_gap,i for FR2 PSCC
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is not required
	CSSFoutside_gap,i for inter-frequency MO with no measurement gap

	FR1 + FR1 NR-DC (FR1 PCell and FR1 PScell) 
	1+NPCC_CSIRS 
	2×( NSCC_SSB +Y+2xNSCC_CSIRS)
	2x(1+ NPSCC_CSIRS) Note 2
	N/A 
	N/A
	2x(NSCC_SSB +Y+2x NSCC_CSIRS )



· Option 2(Intel, QC): For FR1+FR1 NR-DC, further discuss whether similar rule to derive CSSFoutside_gap and CSSFwithin_gap based on FR1+FR2 NR DC can be re-used.




Option1a seems to use the same rule as FR1+FR2 NR-DC, however, all cells in MCG and SCT are all in FR1 in FR1+FR1 NR-DC, it will be different from FR2+FR2 DC as cells in MCG is FR1 and cells in SCG is FR2. Further study is needed for CSSF to support FR1+FR1 NR-DC. 
Proposal 7: CSSF outside gaps for FR1+FR1 NR-DC requirements need further study

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.  Since we start to support FR1+FR1 NR-DC, we will have another 3 cases need to consider in NR-DC to NR-DC scenario:  
· FR1-FR1 NR-DC to FR1-FR1 NR-DC
· FR1-FR1 NR-DC to FR1-FR2 NR-DC
· FR1-FR2 NR-DC to FR1-FR1 NR-DC
With considering these three cases for the HO with PSCell from NR-DC to NR-DC requirements, current requirements for PCell handover defined for FR1 to FR1 still be appliable, PSCell change need to be updated to consider FR1 to FR2 or FR2 to FR1 or FR1 to FR1 PSCell change. Beside this, since PSCell could be possible in FR1, we need to consider parallel or sequential process in the HO with PSCell NR-DC to NR-DC scenario. Hence, the processing time in PCell HO and PSCell change should also be updated.
· FR1+FR1 NR-DC to FR1+FR1 NR-DC
In this case, HO with PSCell will include FR1 PCell HO and FR1 to FR1 PSCell change. All source & target PCell and source &target PSCell are in FR1, according to the discussion and agreements in HO with PSCell in Rel-17, below issues need to be considered in the delay requirements: 
· Both parallel process and sequential process 
· collision between PCell RACH and PSCell RACH occasion also need to be considered according to TS38.213 7.6.1.
Proposal 8: Tprocessing will be 25 ms for parallel process and 30ms for sequential process in current HO with PSCell for NR-DC to NR-DC requirements in section 6.1.5.4 to support FR1+FR1 to FR1+FR1 NR-DC 
Proposal 9: 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 
· FR1+FR1 NR-DC to FR1+FR2 NR-DC
In this case, HO with PSCell will include FR1 PCell HO and FR1 to FR2 PSCell change. Since source PSCell and target PSCell are in different FRs, Tprocessing time will need to be updated to apply different FRs case. Hence, it will increase 20ms based on current definition. 
· FR1+FR2 NR-DC to FR1+FR1 NR-DC
This case is similar as the above case. In this case, HO with PSCell will include FR1 PCell HO and FR2 to FR1 PSCell change. Since source PSCell and target PSCell are in different FRs, Tprocessing time will need to be updated to apply different FRs case. Hence, it will increase 20ms based on current definition. 
Proposal 10: [bookmark: _Hlk115429045]Additional 20ms will be needed for Tprocessing in current HO with PSCell for NR-DC to NR-DC requirements in section 6.1.5.4 to support FR1+FR1 to FR1+FR2 NR-DC and FR1+FR2 to FR1+FR1 NR-DC 
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 or 10ms]. 
[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.
	T∆ is time for fine time tracking and acquiring full timing information of the target PSCell. T∆ = 1*Trs ms. 
	TIU: When RACH based PSCell activation is configured, it is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. TIU is up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in Table 8.1-1 of TS 38.213 [3].
	When RACH-less based PSCell activation is configured, it is the uncertainty in acquiring the first PUSCH transmission occasion [or SR on PUCCH]. 
	Trs is the SMTC periodicity of the PSCell if the UE has been provided with an SMTC configuration for the target cell in PSCell addition message, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs = 5 ms assuming the SSB transmission periodicity is 5 ms. There is no requirement if the SSB transmission periodicity is not 5
In FR2, the PSCell is known if it has been meeting the following conditions: 
-	During the last 5 seconds before the reception of the SCG activation command:
-	the UE has sent a valid measurement report for the PSCell being activated and
-	One of the SSBs measured from the PSCell being activated remains detectable according to the cell identification conditions specified in clause 9.3.
-	One of the SSBs measured from PSCell being activated also remains detectable during the PSCell activation delay Tactivation_time according to the cell identification conditions specified in clause 9.3.
otherwise it is unknown.
If the UE is configured to perform BFD while the SCG is deactivated
-	The TCI state is known if the following conditions are met:
-	During the period from the PSCell deactivation to the completion of PSCell activation, while PSCell was deactivated, 
-	UE has not detected beam failure
-	Otherwise, the TCI state is unknown.
The PCell interruption specified in clause 8.2 is allowed only during the RRC reconfiguration procedure [2].




In last meeting, below issues were discussed: 
	Issue 3-2-16: RACH based PSCell activation for FR1+FR1 NR-DC
Agreements:
· SCG activation/deactivation requirements need to be updated to support FR1-FR1 NR-DC
· FFS on option 1a and 1b
· Option 1a(Apple, Xiaomi, OPPO, MediaTek, vivo, Intel, Ericsson, HW): 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 1b(Ericsson): further study the potential enhancement in T∆

Issue 3-2-17: Known condition for PSCell activation for FR1+FR1 NR-DC
FFS:
· Option 1(Apple, Intel, Xiaomi, OPPO, MTK, QC, HW, vivo): In FR1, the PSCell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown.


Tsearch is the time for AGC settling and PSS/SSS detection. Two cases to consider here, RACH based PSCell activation and RACH-less based PSCell activation. RACH based PSCell activation is still under discussion in R17 WI, before we have the final conclusion, the discussion in R18 should be hold-on.
Proposal 11: FFS on Tsearch for RACH based PSCell activation and RACH-less based PSCell activation since it is pending on R17 progress.
For cell known conditions, current known conditions for FR2 can be applied for FR1 as well. 
Proposal 12: Existing cell known condition for FR2 in SCG activation requirements can be applied for FR1 as well.


3. Conclusion
In this contribution we have discussed the RRM requirements for FR1-FR1 NR-DC. We have made the following proposals:
Observation 1: In Rel-17 RF specification it is up to 6 NR DL CCs and up to 3 NR UL CCs which include 1 UL in PCell + 1 UL in PSCell + 1 UL in SCell. 
1. RRM requirements for supported number of serving carriers for NR-DC need to be updated for FR1-FR1 NR-DC according to RF specification which is up to 6 NR DL CCs and up to 3 NR UL CCs including 1 UL in PCell + 1 UL in PSCell + 1 UL in SCell.
Observation 2: RRM requirements for supported serving carrier numbers will be updated to align with RF specification if any update has been introduced in RF specification.
Observation 3: The actual interruption requirements for PSCell addition/release are specified in section 8.2. Only reference given in PSCell addition/release delay requirements
Proposal 14: PSCell release delay requirements defined in section 8.9.3 can be reused directly for FR1+FR1 NR-DC.
Proposal 15: Interruption requirements in section 8.2.4.2.1 for PSCell addition/release can be reused directly for FR1+FR1 NR-DC.
Proposal 16: 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 17: No need to introduce scheduling availability requirements of UE performing measurements for FR1+FR1 NR-DC scenario. 
Proposal 18: No measurement restriction is needed for NR-DC scenario including FR1+FR1 and FR1+FR2. 
Proposal 19: CSSF outside gaps for FR1+FR1 NR-DC requirements need further study
Proposal 20: Tprocessing will be 25 ms for parallel process and 30ms for sequential process in current HO with PSCell for NR-DC to NR-DC requirements in section 6.1.5.4 to support FR1+FR1 to FR1+FR1 NR-DC 
Proposal 21: 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 
Proposal 22: Additional 20ms will be needed for Tprocessing in current HO with PSCell for NR-DC to NR-DC requirements in section 6.1.5.4 to support FR1+FR1 to FR1+FR2 NR-DC and FR1+FR2 to FR1+FR1 NR-DC 
Proposal 23: FFS on Tsearch for RACH based PSCell activation and RACH-less based PSCell activation in SCG activation requirements for FR1+FR1 NR-DC since it is pending on R17 progress.
Proposal 24: Existing cell known condition for FR2 in SCG activation requirements can be applied for FR1 as well.
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