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1 Introduction
The latest WID [1] has been approved in the RAN plenary RAN#98 meeting. The objectives of Rel-18 NTN enhancement are described in [1] including: 
	4.1.1	Coverage enhancement
4.1.2	NR-NTN deployment in above 10 GHz bands
[bookmark: OLE_LINK1]4.1.3	Network verified UE location
4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements


In this contribution, we analyze some potential impact to RRM requirements related to the above objectives. 
In addition, we discuss the LS from RAN1 [2].
2 Discussion
Firstly, the objectives are divided to four areas. 
For objective 4.1.1:
	· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To specify if necessary, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) [RAN1]


It may impact to UE performance requirements but no impact to RRM requirements. 
Proposal 1: For objective of coverage enhancement, no impact on RRM requirements.

For objective 4.1.2:
	The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start after June 2022.

· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Consider the satellite harmonized Ka band as a reference, according to ITU allocation; taking into account deployment type (e.g. VSAT, ESIM), scenarios, and ITU-R/regional regulations, define an example band suitable for development of generic 3GPP minimum performance requirements (the example RAN4 band may be a portion of or the entire harmonized Ka band). [RAN4]
· Study implications of FDD operation in FR2 and derive requirements for the identified example band appropriately. Satellite bands introduced in 3GPP for NTN for FDD shall not impact the existing 3GPP TDD specifications for terrestrial bands adjacent to the NTN band (see note 3 of the approved way forward RP-211596 in RAN#92-e). [RAN4]
· [bookmark: _Hlk90540445]Relevant coexistence scenarios and analysis to be considered in RAN4, if and where applicable, to ensure that satellite bands introduced in 3GPP for NTN shall not impact the existing specifications and shall not cause degradation (in the sense of RAN4 co-existence studies) to networks in 3GPP specified terrestrial bands adjacent to the NTN band. In that, it is assumed that the NTN-TN adjacent band coexistence will be performed at the harmonized Ka band edges. The outcome is expected to be applicable to all NTN-TN adjacent band scenarios (if any) in the whole Ka band range where applicable and regulations allow. [RAN4]
· For all the above, RAN4 process as agreed for NTN in FR1 should be used for coexistence analysis in above 10 GHz bands [RAN4].
· [bookmark: _Hlk89787333]Definition of NTN band(s) above 10 GHz does not change the current FR1/FR2 definition, nor automatically apply to future terrestrial bands defined in this frequency region; (see proposal 2 of the approved way forward RP-211596 in RAN#92-e) [RAN4]
· Specify Rx/Tx requirements for satellite access node and different VSAT UE class (not only 60 cm aperture) as appropriate for the identified example band [RAN4]
· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g. K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.


But in Objective of Performance part WI:
	The performance part objectives are applicable to the NR-NTN deployment in above 10 GHz bands objective.

· Specify RRM performance requirements and test cases [RAN4]


Observation 1: The scope is identified as “study and identify NTN example band”. It doesn’t mention there will be fully support of satellite system in above 10GHz such as RRM core requirements. But there will be RRM performance requirements and test cases for support of NTN in above 10GHz. We believe RRM core requirements to support satellite system in above 10GHz is in the scope. 
Proposal 2: Confirm RRM core requirements of satellite in above 10GHz is in Rel-18 NTN enhancement. If so, the analysis of RRM impact with support for NTN system in above 10GHz band in Proposal 8 can be included. 

For objective 4.1.3:
	Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.

Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4 : Multiple satellite in view by the UE may be considered if time allows
Note 5 : The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6 : The enhancements should take into account the mirror-image ambiguity
Note 7 : Network verified UE location is an optional UE feature


Proposal 3: FFS on UE Rx-Tx time difference measurements and RSTD measurements etc. More other WGs progress is needed.

For objective 4.1.4:
	· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]


In Rel-17, the NTN-NTN cell reselection requirement is introduced. It is different from TN system. Consider the special character in NTN system, it is not only based on RSRP but also with time/location information. In Rel-17, the mechanism is limited for earth fixed cell. In Rel-18, according to the objective, new mechanism or enhancement should be introduced for earth moving cell. There will be RRM impact on NTN-NTN cell reselection requirements. More inputs from RAN2 are needed. 
Proposal 4: There will be RRM impact on NTN-NTN cell reselection requirements. More inputs from RAN2 are needed.
In the second bullet, though RAN4 is not in the groups. In RAN2#120 meeting, several ways for HO/CHO were discussed. In Rel-17, HO and CHO are introduced for NTN system. If new HO/CHO mechanisms are introduced, we believed the HO/CHO delay can be enhanced/updated. 
Proposal 5: If new HO/CHO mechanisms are introduced, there will be RRM impact for HO/CHO requirements. More inputs from RAN2 are needed.
For the third bullet, in RAN2#120 meeting, there are discussions on cell reselection enhancements. The agreement is listed as below:
Agreements:
1. RAN2 will first continue the investigation on the details of the TN coverage data (e.g. accuracy requirements for describing where TN network(s) is/are available) and UE storage overhead before deciding how to send the information to the UE.
2. Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.
Proposal 6: There will be RRM impact on cell reselection requirements. More inputs from RAN2 are needed.

We summarized in the below table:
Proposal 7:
	
	Analysis
	RRM impact

	Coverage enhancement
	PUCCH enhancement for Msg4 HARQ-ACK
	No/Limited

	NR-NTN deployment in above 10 GHz bands
	Introduce new NTN system in above 10GHz, according to the agreements [3] in RAN4#105 meeting, 
NRB configuration per BandWidth size and SCS is agreed as following 
	Configuration FR2 Ka-band
	NRB (200MHz BW)

	SCS 120 kHz
	132


Lots of RRM requirements are different in FR1/FR2, FDD/TDD, also depends on SCS. 
In Rel-17, only 15kHz/30kHz in FR1 FDD deployment are considered.
	Various

	Network verified UE location
	RRM potential impact: 
Check with UE Rx-Tx time difference measurements and RSTD measurements etc. 
	FFS

	NTN-TN and NTN-NTN mobility and service continuity enhancements
	RRM impact on NTN-NTN cell reselection requirement.
RRM impact on NTN-NTN handover in RRC_CONNECTED state
RRM impact on NTN-TN cell reselection requirement
	Various



Proposal 8:
For overall RRM parts:
	RRM Category
	Sub-Category
	Samsung’s View of RRM impact

	Idle/inactive state mobility
	Cell selection/re-selection
	RRM impact: Yes
Related to objective 4.1.2 and 4.1.4.
· UE measurement capability
· In above 10GHz band
· NTN-NTN
· NTN-TN
· Relaxation for NGSO neighbour cell measurement

	Connected state mobility
	Handover
	RRM impact: Yes
Related to objective 4.1.2 and 4.1.4.
· Above 10GHz band – intra band handover
· FR1 – above 10GHz band handover
· Above 10GHz band – FR1 handover
· Handover with signalling reduced


	
	CHO
	RRM impact: Yes
Related to objective 4.1.2
Similar as handover

	
	Connection Mobility Control - 
RRC re-establishment
	RRM impact: Yes
Related to objective 4.1.2

	
	Connection Mobility Control - 
Random Access
	RRM impact: FFS. Depends on other WGs

	
	Connection Mobility Control - RRC Release with Redirection
	RRM impact: Yes
Detailed requirements need to be revisited.

	Timing
	TX timing, timer, TA, Cell Phase Sync accuracy, MRTD/MTTD, deriveSSB-IndexFromCell tolerance
	RRM impact: Yes
Related to objective 4.1.2

	Signalling
	RLM
	RRM impact: Yes
Related to objective 4.1.2

	
	Interruption
	No impact identified 

	
	SCell Activation and Deactivation Delay
	No impact identified

	
	UE UL carrier RRC reconfiguration delay
	Not applicable

	
	Link Recovery
	RRM impact: Yes
Related to objective 4.1.2

	
	Active BWP switch delay
	No impact identified 

	
	Active TCI state switching delay
	FFS Detailed requirements needs to be revisited.

	
	PSCell Change
	Not applicable

	
	Uplink spatial relation switch delay
	FFS Detailed requirements needs to be revisited.

	
	UE-specific CBW change
	No impact identified

	
	Pathloss reference signal switching delay
	No impact identified 

	Measurement Procedure
	General measurement requirement
	No impact identified

	
	NR intra-frequency measurements
	RRM impact: Yes
Related to objective 4.1.2

	
	NR inter-frequency measurements
	RRM impact: Yes
Related to objective 4.1.2

	
	Inter-RAT measurement 
	Not applicable

	
	L1-RSRP/L1-SINR Measurement
	RRM impact: Yes
Related to objective 4.1.2

	
	CSI-RS based L3 measurements
	FFS

	
	NR measurements with autonomous gaps
	Not applicable



For RAN1 LS R1-2213001:
In RAN1#111 meeting, an LS from RAN1 [2] was sent to RAN4. 
	RAN1 would like to thank RAN2 for their LS in R1-2210807 (R2-2211017) and provide response to the following question asked by RAN2.
	For mobility enhancement in Rel-18 NR NTN, RAN2 has discussed RACH-less handover. RAN2 would like to check with RAN1 in which of the following listed scenarios RACH-less handover is possible.

(1) Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB
(2) Intra-satellite handover with different feeder links, i.e., with gateway/gNB switch
(3) Inter-satellite handover with gateway/gNB switch
(4) Inter-satellite handover with same gateway/gNB

ACTION:	RAN2 respectfully asks RAN1 to provide response to the above question.




RAN1 response
For scenario (1), from RAN1 perspective the RACH-less handover is possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell. 
For scenario (2)-(4), from RAN1 perspective the RACH-less handover may be possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell. 
Note 1: RAN1 assumes that the RAN4 UL synchronization requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell.
Note 2: gNB is expected to provide valid assistance information of the target cell to UE.
Note 3: gNB is expected to ensure the UE can perform the UL transmission while respecting common TA and UE processing time.

To RAN4: 
RAN1 respectfully asks RAN4 whether RAN1’s assumption in Note 1 is correct.


By our understanding, RACH-less HO is the HO with removing RACH procedure for target cell. We think the assumption is the timing of target cell and serving cell are synchronized or the uplink timing difference is a known fixed offset. 
For RAN1’s assumption in Note 1, we think there can be multiple scenarios. 
Observation 2: Table 7.1C.2-1 of TS38.133 is only for FR1 with 15kHz/30kHz SCS in Rel-17. 
Proposal 9: In reply LS to RAN1, separate the handover for FR1-FR1 and other cases such as FR1-above 10GHz. Above 10GHz-Above 10GHz.
Proposal 10: If the assumption is only for NTN-NTN FR1-FR1 handover, we think RAN1’s assumption is correct. 
For other cases, RAN4 should define Te requirements firstly. When Te requirements were discussed in Rel-17, GNSS positioning accuracy 50m is used to consider the component of “Te_GNSS”.
· Te_GNSS = 2* (GNSS positioning accuracy/c), where c = 3*108 m/s.
Observation 3: For the same UE, we think the GNSS positioning accuracy should be the same if there is only one GNSS receiver.
Observation 4: If use the same positioning accuracy and same principle in Rel-17 NTN, the part of “Te_GNSS” cannot be accepted for 120kHz/240kHz SCS compared to the CP ratio. 
Proposal 11: Introduce higher UE positioning accuracy capability in above 10GHz band.
3 Conclusion
In this contribution, we provide our consideration of some potential RRM impact for Rel-18 NTN enhancement and LS from RAN1 and our proposals are:
Proposal 1: For objective of coverage enhancement, no impact on RRM requirements.
Observation 1: The scope is identified as “study and identify NTN example band”. It doesn’t mention there will be fully support of satellite system in above 10GHz such as RRM core requirements. But there will be RRM performance requirements and test cases for support of NTN in above 10GHz. We believe RRM core requirements to support satellite system in above 10GHz is in the scope. 
Proposal 2: Confirm RRM core requirements of satellite in above 10GHz is in Rel-18 NTN enhancement. If so, the analysis of RRM impact with support for NTN system in above 10GHz band in Proposal 8 can be included.
Proposal 3: FFS on UE Rx-Tx time difference measurements and RSTD measurements etc. More other WGs progress is needed.
Proposal 4: There will be RRM impact on NTN-NTN cell reselection requirements. More inputs from RAN2 are needed.
Proposal 5: If new HO/CHO mechanisms are introduced, there will be RRM impact for HO/CHO requirements. More inputs from RAN2 are needed.
Proposal 6: There will be RRM impact on cell reselection requirements. More inputs from RAN2 are needed.
Proposal 7:
	
	Analysis
	RRM impact

	Coverage enhancement
	PUCCH enhancement for Msg4 HARQ-ACK
	No/Limited

	NR-NTN deployment in above 10 GHz bands
	Introduce new NTN system in above 10GHz, according to the agreements [3] in RAN4#105 meeting, 
NRB configuration per BandWidth size and SCS is agreed as following 
	Configuration FR2 Ka-band
	NRB (200MHz BW)

	SCS 120 kHz
	132


Lots of RRM requirements are different in FR1/FR2, FDD/TDD, also depends on SCS. 
In Rel-17, only 15kHz/30kHz in FR1 FDD deployment are considered.
	Various

	Network verified UE location
	RRM potential impact: 
Check with UE Rx-Tx time difference measurements and RSTD measurements etc. 
	FFS

	NTN-TN and NTN-NTN mobility and service continuity enhancements
	RRM impact on NTN-NTN cell reselection requirement.
RRM impact on NTN-NTN handover in RRC_CONNECTED state
RRM impact on NTN-TN cell reselection requirement
	Various


Proposal 8:
For overall RRM parts:
	RRM Category
	Sub-Category
	Samsung’s View of RRM impact

	Idle/inactive state mobility
	Cell selection/re-selection
	RRM impact: Yes
Related to objective 4.1.2 and 4.1.4.
· UE measurement capability
· In above 10GHz band
· NTN-NTN
· NTN-TN
· Relaxation for NGSO neighbour cell measurement

	Connected state mobility
	Handover
	RRM impact: Yes
Related to objective 4.1.2 and 4.1.4.
· Above 10GHz band – intra band handover
· FR1 – above 10GHz band handover
· Above 10GHz band – FR1 handover
· Handover with signalling reduced


	
	CHO
	RRM impact: Yes
Related to objective 4.1.2
Similar as handover

	
	Connection Mobility Control - 
RRC re-establishment
	RRM impact: Yes
Related to objective 4.1.2

	
	Connection Mobility Control - 
Random Access
	RRM impact: FFS. Depends on other WGs

	
	Connection Mobility Control - RRC Release with Redirection
	RRM impact: Yes
Detailed requirements need to be revisited.

	Timing
	TX timing, timer, TA, Cell Phase Sync accuracy, MRTD/MTTD, deriveSSB-IndexFromCell tolerance
	RRM impact: Yes
Related to objective 4.1.2

	Signalling
	RLM
	RRM impact: Yes
Related to objective 4.1.2

	
	Interruption
	No impact identified 

	
	SCell Activation and Deactivation Delay
	No impact identified

	
	UE UL carrier RRC reconfiguration delay
	Not applicable

	
	Link Recovery
	RRM impact: Yes
Related to objective 4.1.2

	
	Active BWP switch delay
	No impact identified 

	
	Active TCI state switching delay
	FFS Detailed requirements needs to be revisited.

	
	PSCell Change
	Not applicable

	
	Uplink spatial relation switch delay
	FFS Detailed requirements needs to be revisited.

	
	UE-specific CBW change
	No impact identified

	
	Pathloss reference signal switching delay
	No impact identified 

	Measurement Procedure
	General measurement requirement
	No impact identified

	
	NR intra-frequency measurements
	RRM impact: Yes
Related to objective 4.1.2

	
	NR inter-frequency measurements
	RRM impact: Yes
Related to objective 4.1.2

	
	Inter-RAT measurement 
	Not applicable

	
	L1-RSRP/L1-SINR Measurement
	RRM impact: Yes
Related to objective 4.1.2

	
	CSI-RS based L3 measurements
	FFS

	
	NR measurements with autonomous gaps
	Not applicable



Observation 2: Table 7.1C.2-1 of TS38.133 is only for FR1 with 15kHz/30kHz SCS in Rel-17. 
Proposal 9: In reply LS to RAN1, separate the handover for FR1-FR1 and other cases such as FR1-above 10GHz. Above 10GHz-Above 10GHz.
Proposal 10: If the assumption is only for NTN-NTN FR1-FR1 handover, we think RAN1’s assumption is correct. 
Observation 3: For the same UE, we think the GNSS positioning accuracy should be the same if there is only one GNSS receiver.
Observation 4: If use the same positioning accuracy and same principle in Rel-17 NTN, the part of “Te_GNSS” cannot be accepted for 120kHz/240kHz SCS compared to the CP ratio. 
Proposal 11: Introduce higher UE positioning accuracy capability in above 10GHz band.
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