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1. Introduction
In RAN4 #104-bis-e meeting, RRM requirements for FR1-FR1 NR-DC scenarios have been discussed. The WF of eFeRRM has been agreed in [1], and the open issues were also captured. In this paper, we further discuss the RRM requirements for FR1-FR1 NR-DC scenario.
2. Discussion on FR1+FR1 NR-DC RRM
2.1 General
Issue 1-1-1: Applicability of the existing requirement for FR1+FR1 NR-DC

The options we discussed in last meeting were:
	Issue 1-1-1: Applicability of the existing requirement for FR1+FR1 NR-DC
< 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.



In WID of R18 eFeRRM (RP-221696), it was clearly stated that,

· 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
For R16/17 and later requirement not listed in the WID, they are not applicable to FR1-FR1 NR-DC, i.e. no UE requirement applies. Any extension of scope needs to be discussed in RAN-P. For R15 requirement not listed in the WID, they are not precluded and are subject to WI stage discussion.

Proposal 1:
For R16/17 and later requirement not listed in the WID, 
· not applicable to FR1-FR1 NR-DC, i.e., no UE requirement applies. Any extension of scope needs to be discussed in RAN-P. 
For R15 requirement not listed in the WID, 
· not precluded in FR1-FR1 NR-DC and subject to WI stage discussion.

2.2 PSCell addition/release delay and conditional PSCell addition delay
Issue 1-3-2: UE preparation time for FR1-FR1 NR-DC conditional Pscell addition delay
The options we discussed in last meeting were:
	<Way forward>:
Option 1: TUE_preparation for FR1-FR1 could keep the legacy value (10ms).
Option 2: FFS for improvement of TUE_preparation for FR1-FR1 NR-DC
	Option 2a: TUE_preparation for FR1-FR1 NR-DC could be 8ms



Regarding the conditional PSCell addition, the existing requirement has already somehow covered FR1+FR1 NR-DC, as following,
Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 20 ms when PSCell is in FR1, and Tprocessing = 40 ms when PSCell is in FR2.
However, some clarification is needed to say that “The requirements in this clause shall apply for the UE configured with only PCell in FR1.”
In CHO requirement, the UE preparation time is same for FR1 HO case and FR2 HO case; and here for conditional PSCell addition, the same preparation time from FR1-FR2 NR-DC can also be used for FR1-FR1 NR-DC. In our view, the preparation time after measurement shall at least include SSB processing, L3 filtering, and condition checking(to see if the preconfigured condition is met or not), and therefore conditional HO, CPC and CPA have commonality on this preparation time.
Proposal 2: For FR1-FR1 NR-DC conditional Pscell addition delay requirement, TUE_preparation for FR1-FR1 NR-DC could keep the legacy value (10ms).

2.3 Scheduling availability
Issue 1-4-1: Scheduling availability for RLM/BFD/CBD/L1-RSRP measurements
The options we discussed in last meeting were:
	<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.


The existing scheduling availability requirement are used in both L1 measurement (including RLM/BFD/CBD/L1-RSRP) and L3 measurement(including intra-/inter-freq measurement without MG).
Regarding the scheduling availability requirement for L1 measurement, the following requirement is specified in current spec:
	8.1.7.2	Scheduling availability of UE performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH on FR1
For UEs which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability due to radio link monitoring based on SSB as RLM-RS. For UEs which do not support simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to radio link monitoring based on SSB as RLM -RS.
-	The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for tracking or CSI-RS for CQI on SSB symbols to be measured for radio link monitoring.
When intra-band carrier aggregation in FR1 is performed, the scheduling restrictions on FR1 serving PCell or PSCell applies to all serving cells in the same band on the symbols that fully or partially overlap with the restricted symbols. When inter-band carrier aggregation within FR1 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.



We think the FR1 inter-band CA case is very much similar as FR1-FR1 NR-DC case, and therefore we propose to use the same scheduling availability requirement from FR1 inter-band CA case.
Proposal 3: For RLM/BFD/CBD/L1-RSRP, the existing scheduling availability requirement for FR1 inter-band CA is used for FR1-FR1 NR-DC scenario.

Issue 1-4-2: Scheduling availability for intra-frequency measurement without MG
Issue 1-4-3: Scheduling availability for inter-frequency measurement without MG
The options we discussed in last meeting were:
	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.



Regarding the scheduling availability requirement for L3 measurement, the following requirement is specified in current spec:
	9.2.5.3.1	Scheduling availability of UE performing measurements in TDD bands on FR1
[omit irrelevant part]
When TDD intra-band carrier aggregation is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with the aforementioned restricted symbols. 
When TDD inter-band carrier aggregation is performed, the scheduling restrictions due to a given serving cell should also apply to another serving cell in a different band on the symbols that fully or partially overlap with the aforementioned restricted symbols, if UE does not have the capability of supporting simultaneousRxTxInterBandCA for this band pair.
9.2.5.3.2	Scheduling availability of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1
[omit irrelevant part]
When intra-band carrier aggregation is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with the aforementioned restricted symbols. 



In TS38.306, it specified that, the capability IE of simultaneousRxTxInterBandCA can also used for NR-DC case.
	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].



Thus, in intra-frequency measurement without MG, the same scheduling availability requirement of UE performing measurements in TDD bands in FR1 inter-band CA case can be used for FR1-FR1 NR-DC scenario. Moreover, existing scheduling availability requirement of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1 didn’t have a case of FR1 inter-band CA, and therefore there is also no need to have it for FR1-FR1 NR-DC case.
For inter-frequency measurement without MG, no scheduling availability requirement is specified for FR1 inter-band CA, and we think we don’t need to specify scheduling availability requirement for FR1-FR1 NR-DC either unless such requirement is introduced for FR1 inter-band CA.
Proposal 4: 
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.
2.4 Measurement restriction
The options we discussed in last meeting were:
	< 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. 



In our view the current measurement restriction is quite general for all cases, and therefore we think the existing measurement restriction requirement can also be used for FR1+FR1 NR-DC.
Proposal 5: the existing measurement restriction requirement can be reused for FR1-FR1 NR-DC scenario.
2.5 CSSF
Issue 1-6-2: CSSF within gap

The options we discussed in last meeting were:
	< 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



The existing grouping method for CSSF inside MG is specified as following:
	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 belong to group A
	FR2 intrafrequency measurement objects belong to group B



The grouping has been discussed in R15, and the principle is reused from NE-DC case. The principle has been mentioned in CR R4-19101158 and it was an agreement from RAN4 #91 meeting,
Agreement: 
· Whether to account for FR2 intra-frequency measurements in Pool A (intra-frequency MOs) or Pool B (inter-frequency/RAT MOs)
· In Pool B when there are no inter-frequency/RAT MOs configured, otherwise in Pool A.

Thus, when there is no inter-frequency/RAT MOs configured, the FR2 intra-frequency measurement shall be counted in group B, like inter-frequency and inter-RAT MOs. It’s a common design for both NE-DC and NR-DC, including FR1+FR2 and FR1+FR1 (or LTE+FR1).

Proposal 6: the existing CSSF inside MG and grouping rule for NR-DC can be reused for FR1+FR1 NR-DC. No change is needed.
2.6 HO with PSCell 
Issue 1-7-2: Additional uncertainty delay
The options we discussed in last meeting were:
	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



In previous cases like HO with PSCell to FR1+FR1 EN-DC or FR1+FR1 NE_DC, the reason why we need this uncertainty for such collision is because the following RAN1 definition in TS38.213:
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However, for FR1+FR1 NR-DC, UE has independent power control and no transmission will be delayed or dropped based on the RAN1 definition in TS38.213 section 7.6.2.

Proposal 7: 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
2.7 SCG activation/deactivation
Issue-1-8-3: Tsearch for RACH-less SCG activation
The options we discussed in last meeting were:
	< 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.



The existing RRM requirement for RACH-lessSCG activation is defined as following, and it is only specified for FR1+FR2 NR-DC.
	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 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].
	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.




If PSCell is unknown, no requirement shall be applied, and we think this condition shall also be used for FR1+FR1 NR-DC since the TA is also not available for an unknown PSCell during SCG activation. Moreover, So the SCG activation for FR1+FR1 NR-DC shall be:
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 FR1 PScell. There are no requirements if FR1 PSCell is unknown.
Proposal 8: 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 FR1 PSCell. There are no requirements if FR1 PSCell is unknown.
3. Conclusion
In this paper, we further discuss the RRM requirements for FR1-FR1 NR-DC scenario.

Proposal 1:
For R16/17 and later requirement not listed in the WID, 
· not applicable to FR1-FR1 NR-DC, i.e., no UE requirement applies. Any extension of scope needs to be discussed in RAN-P. 
For R15 requirement not listed in the WID, 
· not precluded in FR1-FR1 NR-DC and subject to WI stage discussion.

Proposal 2: For FR1-FR1 NR-DC conditional Pscell addition delay requirement, TUE_preparation for FR1-FR1 NR-DC could keep the legacy value (10ms).

Proposal 3: For RLM/BFD/CBD/L1-RSRP, the existing scheduling availability requirement for FR1 inter-band CA is used for FR1-FR1 NR-DC scenario.

Proposal 4: 
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 5: the existing measurement restriction requirement can be reused for FR1-FR1 NR-DC scenario.

Proposal 6: the existing CSSF inside MG and grouping rule for NR-DC can be reused for FR1+FR1 NR-DC. No change is needed.

Proposal 7: 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 8: 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 FR1 PSCell. There are no requirements if FR1 PSCell is unknown.
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EN-DC:
If a UE is configured with p,, + B, > P>, where p . is the linear value of P, , B, is the linear value of B,

and p°¢ is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS
38.101-3] for FR1, the UE determines a transmission power for the SCG as follows.

- If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 or by tdm-
PatternConfig-r16 in [13, TS 36.213])

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for EN-DC,
hen a corresponding subframe on the MCG is an UL
subframe in the reference TDD configuration.

- If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC, and does
not indicate a capability uplinkTxSwitching-OptionSupport = dualUL in [16, TS 38.306], and is configured

with tdm-PatternConfig-r16, the UE does not transmit on the SCG in FRT when the UE has overlapped

transmission on a subframe on the MCG.
NE-DC:
If a UE is configured with p

e + Py > PREPC, Where Py 1s the linear value of P, , P, is the linear value of
Py »and ﬁT’;E"C is the linear value of a configured maximum transmission power for NE-DC operation as defined in

[8-3, TS 38.101-3] for FR1, the UE determines a transmission power for the MCG as follows

- If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 in [13, TS
36.213])

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for NE-DC,
hen a corresponding subframe on the SCG
is an UL subframe in the reference TDD configuration.




