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1	Introduction
A WID on Rel-18 even Further RRM enhancement for NR and MRDC was approved in RAN#96 meeting [1].
In this contribution, we initially discuss the RRM requirements for FR1-FR1 NR-DC.
· Define RRM requirements for FR1-FR1 NR-DC scenarios [RAN4]
· RRM requirements include the number of serving carriers, PSCell addition/release delay requirement, PSCell change and conditional PSCell change delay, scheduling availability, and CSSF. Other Rel-15 requirements are not precluded and are subject to WI stage discussion.
· For R16 and R17 features, RRM requirements for FR1-FR1 NR-DC including HO with PSCell, SCG activation/deactivation and CPAC.
· Note: no other R16/17 features are considered.
2	Discussion
2.1 Rel-15 features
In general，we consider to try to reuse the legacy requirements for FR1-FR1 NR-DC.
1) [bookmark: _GoBack]the number of serving carriers
	[bookmark: _Toc5952526][bookmark: _Toc5952530]3.6.2.1	Number of serving carriers for SA
Requirements for standalone NR with NR PCell are applicable for the UE configured with the following number of serving NR CCs:
-	up to 10 NR DL CCs in total, with 1 UL (or 2 UL if SUL is configured) in PCell and up to 8 UL (or 9 UL if SUL is configured) in total for SCells.
-	SUL may be configured together with one of the UL
3.6.2.4	Number of serving carriers for NR-DC
Requirements for NR-DC are applicable for the UE configured with the following number of serving NR CCs:
-	up to 2 NR DL CCs in total in FR1, up to 8 NR DL CCs in total in FR2, with 1 UL in PCell, 1 UL in PSCell, and up to 1 UL in each SCell.


For FR1+FR1 NR-DC，the number of serving NR CCs is suggested up to 6 NR DL CCs in total in FR1, with 1 UL in PCell, 1 UL in PSCell, and up to 3 UL in total for SCells. For SUL, we also think one more UL can be used if SUL is configured. 
Proposal 1: For FR1+FR1 NR-DC，the number of serving NR CCs is suggested up to 6 NR DL CCs in total in FR1, with 1 UL in PCell, 1 UL in PSCell, and up to 3 UL in total for SCells.

2) PSCell addition/release delay requirement
As stated in the equation, Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms. For NR-DC FR-FR1, only Tprocessing and Tsearch should be updated for FR1 PScell addition. The following requirements can be considered.
· Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 20 ms for FR1 PScell, and Tprocessing = 40 ms for FR2 PScell addition,
· Tsearch is the time for AGC settling and PSS/SSS detection. If the target cell is known, Tsearch = 0 ms. If the target FR1 PSCell is unknown and the target cell Ês/Iot ≥ -2dB, Tsearch = 3* Trs ms. If the target cell is unknown FR2 PScell and the target cell Ês/Iot ≥ -2dB, Tsearch = 24* Trs ms.
Proposal 2: For FR1+FR1 NR-DC, PSCell addition/release delay requirement should be updated with 
· Tprocessing = 20 ms for FR1 PScell addition, and Tprocessing = 40 ms for FR2 PScell addition,
· [bookmark: _Hlk110620472]If the target FR1 PSCell is unknown and the target cell Ês/Iot ≥ -2dB, Tsearch = 3* Trs ms. If the target cell is unknown FR2 PScell and the target cell Ês/Iot ≥ -2dB, Tsearch = 24* Trs ms.
3) PSCell change and conditional PSCell change delay
Current spec can cover FR1-FR1 NR-DC. 
4) Scheduling availability
In general，the scheduling availability requirements for FR1 inter-band CA case can be reused for FR1-FR1 NR-DC.
· For RLM/BFD/CBD/L1-RSRP, the existing scheduling availability requirement for FR1 inter-band CA can be reused for FR1-FR1 NR-DC scenario.
· 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.
Proposal 3: The R15 requirements of scheduling availability for FR1 inter-band CA case can be reused for FR1-FR1 NR-DC.
	Rel-15 Scenrios for Scheduling availability
	Changes for FR1-FR1 NR-DC
	Note

	intra-frequency measurement without MG
	FR1 inter-band CA can be reused
	

	inter-frequency measurement without MG
	N/A 
	The basic requirements for FR1 inter-band CA should be defined first.

	RLM/BFD/CBD/L1-RSRP measurements
	FR1 inter-band CA case is used
	



5) CSSF
The current requirements of CSSF within MG for NR-DC does not differentiate the scenarios of FR1-FR1 or FR1-FR2.
For CSSF outside MG, according to the existing FR1-FR2 NR-DC requirements, the same assumption of searchers can be reused. The requirements in Table 9.1.5.1.3-1 should be further updated for FR1-FR1 NR-DC.
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 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 
	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 )

	FR1 + FR2 NR-DC (FR1 PCell and FR2 PScell) Note 1
	1+NPCC_CSIRS 
	2×( NSCC_SSB +Y+2xNSCC_CSIRS)
	N/A
	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.



Proposal 4: For CSSF outside MG, the same assumption of searchers of FR1-FR2 NR-DC can be reused for FR1-FR1 NR-DC. The requirements in Table 9.1.5.1.3-1 should be updated as the following:
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 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 
	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 )

	FR1 + FR2 NR-DC (FR1 PCell and FR2 PScell) Note 1
	1+NPCC_CSIRS 
	2×( NSCC_SSB +Y+2xNSCC_CSIRS)
	N/A
	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.



2.2 Rel-16 and Rel-17 features
1) HO with PSCell
For HO with PSCell from NR-DC to NR-DC, the following cases should be considered:
· Case 1: FR1-FR1 NR-DC to FR1-FR1 NR-DC
· Case 2: FR1-FR2 NR-DC to FR1-FR1 NR-DC
· Case 3: FR1-FR1 NR-DC to FR1-FR2 NR-DC
· Case 4: FR1-FR2 NR-DC to FR1-FR2 NR-DC (existing)
As Tsearch is referred to PSCell addition requirements, the related changes for NR-DC FR1-FR1 can also apply(as proposed in the Proposal 2). Tprocessing in PCell Interruption time and PSCell change delay can be reused based on those for handover with PSCell from NR SA to EN-DC.
	handover with PSCell from NR SA to EN-DC:
[bookmark: _Hlk110623033]Tprocessing is the SW processing time needed by UE, including RF warm up period.  When target PSCell is unknown and SMTC configuration of target unknown PSCell is present in RRCConnectionReconfiguration [2], Tprocessing = 30ms if new PSCell is in FR1, Tprocessing = 50ms if new PSCell is in FR2; otherwise, Tprocessing = 25ms if new PSCell is in FR1, Tprocessing = 45ms if new PSCell is in FR2.
handover with PSCell from NR-DC FR1-FR2 to NR-DC FR1-FR2 (case 4):
Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 30 ms if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync. Otherwise, Tprocessing = 25 ms.


For case 1 and case 2, since the target PSCell is FR1, the existing requirements (also for case 4) can be reused. For case 3, the requirements for target FR2 PScell can apply.
When target PSCell is unknown and SMTC configuration of target PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 30ms if new PSCell is in FR1, Tprocessing = 50ms if new PSCell is in FR2 Otherwise, Tprocessing = 25 ms if new PSCell is in FR1, Tprocessing = 45ms if new PSCell is in FR2.
Proposal 5: When target PSCell is unknown and SMTC configuration of target PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 30ms if new PSCell is in FR1, Tprocessing = 50ms if new PSCell is in FR2 Otherwise, Tprocessing = 25 ms if new PSCell is in FR1, Tprocessing = 45ms if new PSCell is in FR2.

2) SCG activation/deactivation 
As stated, Tactivation_time = TRRC_delay + Tprocessing + Tsearch + T∆ + TIU + 2 ms. The impacted parameter of NR-DC FR1-FR1 could be Tsearch.
	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.


For RACH based PSCell 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.
The FR1 and FR2 known PSCell definition are still under discussion in the remaining issues of R17 LTE-NR_DC_enh.
We think the definition can be reused. If any new conclusion is achieved, we can further update. 
Proposal 6: For RACH based PSCell 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.

3) Conditional PSCell Addition/change (CPAC).
FR1 PScell has been considered for Tprocessing and Tsearch for Conditional PSCell Addition Delay Requirement in clause 8.9A.2 and Conditoinal PSCell Change delay in clause 8.11B.2. There is no technical change is needed.

4) Others
Besides, since it is agreed not to consider other R16/17 features, the impact of features such as NR-U, Redcap and MG-enhancement are not expected to be discussed in FR1-FR1 NR-DC at first stage. Subject to WI stage discussion, they may be further involved if the WI scope was extended. 
Proposal 7: The impact of features such as NR-U, Redcap and MG-enhancement are not expected unless the WI scope was extended.
3	Conclusion
Proposal 1: For FR1+FR1 NR-DC，the number of serving NR CCs is suggested up to 6 NR DL CCs in total in FR1, with 1 UL in PCell, 1 UL in PSCell, and up to 3 UL in total for SCells.
Proposal 2: For FR1+FR1 NR-DC, PSCell addition/release delay requirement should be updated with 
· Tprocessing = 20 ms for FR1 PScell addition, and Tprocessing = 40 ms for FR2 PScell addition,
· If the target FR1 PSCell is unknown and the target cell Ês/Iot ≥ -2dB, Tsearch = 3* Trs ms. If the target cell is unknown FR2 PScell and the target cell Ês/Iot ≥ -2dB, Tsearch = 24* Trs ms.
Proposal 3: The R15 requirements of scheduling availability for FR1 inter-band CA case can be reused for FR1-FR1 NR-DC.
Proposal 4: For CSSF outside MG, the same assumption of searchers of FR1-FR2 NR-DC can be reused for FR1-FR1 NR-DC. The requirements in Table 9.1.5.1.3-1 should be updated as the following:
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 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 
	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 )



Proposal 5: When target PSCell is unknown and SMTC configuration of target PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 30ms if new PSCell is in FR1, Tprocessing = 50ms if new PSCell is in FR2 Otherwise, Tprocessing = 25 ms if new PSCell is in FR1, Tprocessing = 45ms if new PSCell is in FR2.
Proposal 6: For RACH based PSCell 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.
Proposal 7: The impact of features such as NR-U, Redcap and MG-enhancement are not expected unless the WI scope was extended.
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