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Introduction
WID on NR NTN (Non-Terrestrial Networks) enhancements [1] is introduced in Rel-18 release. In this contribution, we present our viewpoints and proposals on the RRM requirements for this feature.
Discussion
General
In WID [1], the following main objectives are listed for study:
	Coverage enhancement
NR-NTN deployment in above 10 GHz bands
Network verified UE location
NTN-TN and NTN-NTN mobility and service continuity enhancements




First of all, we capture some applicable scenario as baseline for discussion to get a clear picture of the scope of the WI.
Proposal 1: The applicable scenarios for RRM requirements according to the WID shall include:
· Only single carrier scenario is supported, multi-carrier(e.g., CA) isn’t covered by the WI.
· NTN->TN mobility only applies to RRC low-activity mode; NTN->TN RRC connected mode isn’t covered by the WI.
· For NTN->TN mobility, TN system only covers NR; other RATs, e.g. LTE isn’t covered by the WI.
· For NTN-Ka bands, mobility among NTN-Ka bands ( e.g., intra-frequency and inter-frequency) is supported. Mobility between FR1 and NTN-Ka band isn’t covered by the WI.
· TN->NTN mobility is not supported by the WI. 
In the following, the aforementioned objectives are discussed separately with close attention to particulars.


Overview of RRM for NR-NTN deployment in NTN-Ka bands 
As per plan in WID [1], the objective is mainly focused in RAN4 RF & Demod sessions. The RF session/group is currently specifying Ka bands for the NTN in Rel-18. Despite the ongoing discussions in other sessions, there’re still some prevalent issues apparently related to RRM requirements which depend on the operating frequency in NTN-Ka bands.
Proposal 2: RAN4 shall revisit existing NTN RRM requirements to check if operations on NTN-Ka bands have impacts on them, in which two high band characteristics shall be considered carefully:
· Timing characteristics in NTN-Ka bands
· Link-budget in NTN-Ka bands which may affect existing assumptions on cell detection, measurement accuracy, side condition etc.
Observation 1：NTN-Ka frequency band may have different characteristics than the existing NTN FR1 bands based on the RF session outcome.
Proposal 3: Table 1 below provides high level overview of existing RRM requirements which are possibly impacted due to the NTN operation in the NTN-Ka bands. Note: the reference for comparison is existing NTN requirements in Rel-17.

Table 1 Summary of RRM requirements which are possibly impacted by NTN operation in the NTN-Ka bands
	Requirements
	Potential impact due to NR-NTN deployment in Ka bands (i.e. above 10 GHz bands according to the WID)


	Cell reselection
	UE measurement capability
	Different capability in NTN-Ka bands

	
	Measurements on intra/inter-frequency NR cells
	Impacted due to new frequency band category, possible side condition change.

	
	﻿Maximum interruption in paging reception
	No impact

	
	﻿Measurements of intra/inter-frequency NR cells for UE configured with relaxed measurement criterion
	Impacted due to new frequency band category, possible side condition change.

	Handover
	Handover
	Impacted due to new frequency band category

	
	NR conditional handover
	Impacted due to new frequency band category

	
	﻿RRC Connection Mobility Control: RRC re-establishment
	No impact

	Timing
	UE transmit timing
	Impacted due to new SCS and frequency band category

	
	UE timer accuracy
	Impacted due to new SCS and frequency band category

	
	Timing advance
	Impacted due to new SCS and frequency band category

	Signaling
	RLM
	Impacted due to new frequency band category

	
	LR
	Impacted due to new frequency band category

	
	BWP switch
	No impact

	
	TCI state switch 
	No impact

	Measurement procedure
	UE Measurement capability
	Different capability in NTN-Ka bands

	
	Intra/inter-frequency measurements
	Impacted due to new frequency band category, possible side condition change.

	
	L1-RSRP measurements
	Impacted due to new frequency band category




Subcarrier spacing for different UL/DL signals/channels and RRM UL timing requirements
The basic uncertainty budget for UE UL can be written as:

Where:
·  is Cyclic Prefix 
· Dispersion is radio channel delay dispersion (time spanned of delayed signals).
·  is UE UL initial timing error (TS 38.133, 7.1.2), the +/- difference of UE TX actual transmission time compared to the nominal transmission time given by 
DL time reference and TA command.
·  is TA command quantization error () 
·  is UE TA adjustment error (TS 38.133, 7.3.2). 
The factor of 2 originates from the fact that one UE can be off  and another UE in the same cell can be off  when received at BS RX. The same is true for the other error factors.
3GPP release-17
This means that the Dispersion term is bounded by:
 			(1)
For 3GPP RAN4 has specified for FR1:
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Plugging in into (1) we get:
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In 3GPP release 17 we assumed 50 meters position error for the UE and 30 meters of position error for the satellite.  The actual error is doubled, i.e., 2*(50 + 30) m = 160 m, since all UE UL timing has to transmit early to compensate for Round Trip Time (RTT) => we can have +160 m RTT or  –160 m RTT added or deleted to the path, due to UE and satellite position errors, worst case.  In release 17 a UE GNSS position accuracy of 50 m was assumed together with a 30 m position error for the satellite. This led to the exclusion of SCS = 60 kHz for FR1.
Observation 2: In release 17 a UE GNSS position accuracy of 50 m was assumed together with a 30 m position error for the satellite. This led to the exclusion of SCS = 60 kHz for FR1.
For example, in legacy SCS = 15 kHz for data and SSB has = 12 =>  = 12 + 16.4 = 28.4 (29 in 3GPP due to some additional margins), where 16.4  = (160 m)/c.
3GPP release-18
If we consider equation (1) for SCS = 120 kHz in FR2 we have:
· SCS = 120 kHz, SSB DL = 120 kHz.
·  is Cyclic Prefix = 18 ≈ 0,585 µs
· Dispersion ≈ 0.26 µs (say)
·  is TA command quantization error () = 1 ≈ 0.032 µs
·  is UE TA adjustment error (TS 38.133, 7.3.2). = 0.5 ≈ 0.0163 µs

We get 0.114 µs ≈ 3.5  >  
This is = 3.5  for terrestrial today => This is impossible with GNSS margin on top.
Observation 3: With current release-17 GNSS position inaccuracies for UE and satellite (50 m and 30 m, respectively), then SCS = 120 kHz would result in zero margin for GNSS error.
Proposal 4: RAN4 shall investigate the UL time budget for the short CP for NTN-Ka band.

New NTN aspects 
Following are the new NTN features/aspects in Rel-18 which were not covered in Rel-17. The impact on the RRM requirements for these new NTN features is analyzed below:
Coverage enhancement
The objective is focused on the applicability of the solutions developed by general NR coverage enhancement to NTN.
	The detailed objectives are for NTN:
· 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]



The ongoing discussions in RAN1/RAN2 haven’t triggered or initiate any issues in RRM requirements yet. We can wait for further outcome from them. 
Observation 4: Coverage enhancement has no impact on RRM.

Network verified UE location
As per update in WID [1], 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. Legacy Rel. 17 Multi-RTT based positioning technique relies on positioning measurement performed on PRS resources transmitted from multiple/different TRPs. In contrast to the legacy method, network verified UE positioning in NTN is expected to exploit multiple RTT measurements performed on PRS resource(s) transmitted from the same satellite over different time occasions. In this regard, existing RRM requirement on UE Rx-Tx time difference measurements may be influenced by multi-RTT solution in NTN.
Observation 5:  Network verified UE positioning in NTN is expected to exploit multiple RTT measurements performed on PRS resource(s) transmitted from the same satellite over different time occasions.
Another aspect of multi-RTT in NTN different from terrestrial system is satellite(s) for positioning may face frequent handover resulting from LEO satellite moving characteristics. It is evitable and common that the measurement period may happen at any time instance before/during/after HO procedure. It shall be checked whether cell change, especially satellite switch, impacts UE Rx-Tx time difference measurements and corresponding requirements. 
Proposal 5: RAN4 shall study RRM requirements on UE Rx-Tx time difference measurements charactered by single/multi-satellite based multi-RTT solution in NTN, e.g. measurement period requirements, report mapping.
Observation 6: Frequently encountering cell changes in NTN (LEO deployment) in multi-RTT measurement procedure isn’t corner case. 
Proposal 6: Study multi-RTT measurement requirements in NTN compatible with cell change, e.g. HO. 

NTN-TN and NTN-NTN mobility and service continuity enhancements 
Regarding NTN-NTN enhancements, we observed some ongoing activities in RAN2, e.g. reduction of signaling, RACH-less HO in connected mode and  reference location in Earth moving cells, feeder link switch scenario in idle mode. These new features and aspects in mobility shall be studies from RRM perspective in our view.
Proposal 7: RAN4 shall track progress and outcome of RAN2 on NTN-NTN  mobility enhancements, below are some topics which may affect existing RRM requirements but not all of possible.
· HO chain
· RACH-less HO
· Reselection for Earth moving cells
· feeder link switch scenario
When UE measures downlink signals in the new cell taking over as the cell serving the area, and during measurement gaps, no data scheduling in the serving cell is allowed. A UE may be configured to perform such measurements and report to the serving gNB so that the serving gNB can trigger a handover to the new cell when appropriate. More preferably, however, the UE is configured with a CHO anticipating the switch from an old to a new NTN cell (i.e. the candidate target cell of the CHO configuration is the new cell), and then the UE has to measure on the downlink signals in the new cell in order to monitor the execution condition of the CHO configuration. However, these downlink signals in the new cell are available only when the cell has been “turned on or appeared”, i.e., in practice during the period of coexistence of the old and the new cell, and thus the UE cannot measure (at least not successfully) on these downlink signals during at other times than during the coexistence period of the old and the new cell. 
Proposal 8: RAN4 shall further study the possibilities to avoid useless/too early measurements in idle and connected mode with light of satellite assistance information.
Regarding NTN-TN mobility, the issue differs depending upon the type of network where UE is camping, a UE camping in TN with NTN neighbor cells or a UE. Ranking, measurements for cell reselection both could be affected. An agreed understanding in RAN2 is an NTN/TN capable UE isn’t required to measure at TN frequencies if it is located far from the TN coverage. On the contrary, it’s also may be true that an NTN/TN capable UE isn’t required to measure at NTN frequencies if it is situated in TN coverage. 
In NR NTN Rel-17, it was agreed that assistance information of neighbor cells, e.g. ephemeris data, frequency layer and PCI shall be mandatory, otherwise UE is not required to perform neighbor cell measurements if the corresponding assistance information is not present. Back to NTN-TN scenario, for a UE camping in TN with NTN neighbor cells(especially for LEO deployment), the agreement demands TN cell always broadcasts NTN satellite information which may be renewed dynamically, it  causes extremely numerous signaling overhead and brings difficulties to network configurations.
Proposal 9: RAN shall revisit the applicability of mandatory assistance information of neighbor NTN cells ( e.g. ephemeris data, frequency layer and PCI) in NTN-TN scenario. The information is beneficial but shall not be mandatory to mobility from TN to NTN.
Proposal 10: RAN4 study shall comply with the following essential guidelines in NTN-TN scenario and use them as baseline to adapt or update corresponding RRM requirements.
· UE isn’t required to measure at TN frequencies if it is located outside the TN coverage.
· UE shall prioritize TN frequencies if it is located in the both NTN/TN coverage.
Proposal 11: Priority (explicit or implicit) on TN cell in  NTN/TN mobility  requests differentiation between cell reselection from NTN to TN and cell reselection from TN to NTN. How to prioritize TN cell in the two cases shall be studied.
Upon UE acquiring definition of TN coverage provided the coverage is signaled by TN/NTN network node, it’s clear that UE is requested to change to corresponding procedure. The provided TN coverage can’t guarateen the practical TN cell is detected by UE, due to complex deployment and environment scenario, e.g. macro cell, micro cell, urban scenario, rural scenario. Depending on coarse/fine accuracy of TN coverage, UE may fall into false mobility operations, e.g. unnecessary measurements/missing measurements/ping pong between TN/NTN. Avoid making the coverage bound the only differentiator, instead, using gradations of some sort to make measuring and mobility easier and smoother shall be studied. 
Proposal 12:  Definition of TN cell coverage is placed in RAN2, consequently, measurement optimization/robustness to deal with inaccuracy of coverage information shall be studied further in RAN4.

R1-2213001 Reply LS on RACH-less handover in NTN
In LS R1-2213001, [2] RAN1 asks, “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”. 
	…
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.
…



What is specified in TS 38.133 section 7.1C.2 is this:
	…
7.1C.2	     Requirements
The UE initial transmission timing error shall be less than or equal to Te_NTN where the timing error limit value Te_NTN is specified in Table 7.1C.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission.
The UE shall meet the Te_NTN requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. and the UE has a validity time running for NTA,common  and  NTA,UE-specific. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus .
The downlink timing is defined as the time when the first path (in time) of the corresponding downlink frame used by the UE to determine downlink timing is received from the reference cell at the UE antenna. 
NTA for PRACH is defined as 0.  (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied. or after the last update in   or .
The value of NTA-offset depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). NTA-offset is defined in Table 7.1.2-2.
 and  are as defined in TS38.211 [6].

[bookmark: _Hlk125637924]Table 7.1C.2-1: Te_NTN Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	29*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N/A

	
	30
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N/A

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell, the updating of  and the updating of , except when the timing advance in clause 7.3C is applied.
…



Currently, up to and including release 17, the UE initial transmission timing error, is specified for:
“…when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission”.
RACH-less handover in NTN is not yet developed in 3GPP and therefore not implemented in TS 38.133. Only the cases of first transmission in a DRX cycle for PUCCH, PUSCH and SRS, PRACH transmission, or msgA transmission is currently covered. This means that the existing specification does not state anything about UL synchronization requirement for first UL transmission in the target cell for RACH-less handover in NTN.
However, if and when, RACH-less handover in NTN is implemented it is reasonable to assume that Table 7.1C.2-1, Te_NTN, Timing Error Limit, applies to the first UL transmission in the target cell, provided the preconditions are fulfilled, i.e., that at least one SSB is available at the UE during the last 160 ms and the UE has a validity time running for NTA,common  and  NTA,UE-specific. 
Proposal 13:  Regarding LS R1-2213001, Table 7.1C.2-1, Te_NTN, Timing Error Limit, applies to the first UL transmission in the target cell, also for RACH-less handover, provided the preconditions are fulfilled, i.e., that at least one SSB is available at the UE during the last 160 ms and the UE has a validity time running for NTA,common  and  NTA,UE-specific.
Conclusion
Observation 1：NTN-Ka frequency band may have different characteristics than the existing NTN FR1 bands based on the RF session outcome.
Observation 2: In release 17 a UE GNSS position accuracy of 50 m was assumed together with a 30 m position error for the satellite. This led to the exclusion of SCS = 60 kHz for FR1.
Observation 3: With current release-17 GNSS position inaccuracies for UE and satellite (50 m and 30 m, respectively), then SCS = 120 kHz would result in zero margin for GNSS error.
Observation 4: Coverage enhancement has no impact on RRM.
Observation 5:  Network verified UE positioning in NTN is expected to exploit multiple RTT measurements performed on PRS resource(s) transmitted from the same satellite over different time occasions.
Observation 6: Frequently encountering cell changes in NTN (LEO deployment) in multi-RTT measurement procedure isn’t corner case.

Proposal 1: The applicable scenarios for RRM requirements according to the WID shall include:
· Only single carrier scenario is supported, multi-carrier(e.g., CA) isn’t covered by the WI.
· NTN->TN mobility only applies to RRC low-activity mode; NTN->TN RRC connected mode isn’t covered by the WI.
· For NTN->TN mobility, TN system only covers NR; other RATs, e.g. LTE isn’t covered by the WI.
· For NTN-Ka bands, mobility among NTN-Ka bands ( e.g., intra-frequency and inter-frequency) is supported. Mobility between FR1 and NTN-Ka band isn’t covered by the WI.
· TN->NTN mobility is not supported by the WI. 
Proposal 2: RAN4 shall revisit existing NTN RRM requirements to check if operations on NTN-Ka bands have impacts on them, in which two high band characteristics shall be considered carefully:
· Timing characteristics in NTN-Ka bands
· Link-budget in NTN-Ka bands which may affect existing assumptions on cell detection, measurement accuracy, side condition etc.
Proposal 3: Table 1 below provides high level overview of existing RRM requirements which are possibly impacted due to the NTN operation in the NTN-Ka bands. Note: the reference for comparison is existing NTN requirements in Rel-17.
Table 1 Summary of requirements which are possibly impacted by application of NTN-Ka bands
	Requirements
	NR-NTN deployment in above 10 GHz bands
(cell change doesn’t cover the case between FR1 and NTN-Ka bands)

	Cell reselection
	UE measurement capability
	Different capability in NTN-Ka bands

	
	Measurements on intra/inter-frequency NR cells
	Impacted due to new frequency band category, possible side condition change.

	
	﻿Maximum interruption in paging reception
	No impact

	
	﻿Measurements of intra/inter-frequency NR cells for UE configured with relaxed measurement criterion
	Impacted due to new frequency band category, possible side condition change.

	Handover
	Handover
	Impacted due to new frequency band category

	
	NR conditional handover
	Impacted due to new frequency band category

	
	﻿RRC Connection Mobility Control: RRC re-establishment
	No impact

	Timing
	UE transmit timing
	Impacted due to new SCS and frequency band category

	
	UE timer accuracy
	Impacted due to new SCS and frequency band category

	
	Timing advance
	Impacted due to new SCS and frequency band category

	Signaling
	RLM
	Impacted due to new frequency band category

	
	LR
	Impacted due to new frequency band category

	
	BWP switch
	No impact

	
	TCI state switch 
	No impact

	Measurement procedure
	UE Measurement capability
	Different capability in NTN-Ka bands

	
	Intra/inter-frequency measurements
	Impacted due to new frequency band category, possible side condition change.

	
	L1-RSRP measurements
	Impacted due to new frequency band category



Proposal 4: RAN4 shall investigate the UL time budget for the short CP for NTN-Ka band.
Proposal 5: RAN4 shall study RRM requirements on UE Rx-Tx time difference measurements charactered by single/multi-satellite based multi-RTT solution in NTN, e.g. measurement period requirements, report mapping.
Proposal 6: Study multi-RTT measurement requirements in NTN compatible with cell change, e.g. HO. 
Proposal 7: RAN4 shall track progress and outcome of RAN2 on NTN-NTN  mobility enhancements, below are some topics which may affect existing RRM requirements but not all of possible.
· HO chain
· RACH-less HO
· Reselection for Earth moving cells
· feeder link switch scenario
Proposal 8: RAN4 shall further study the possibilities to avoid useless/too early measurements in idle and connected mode with light of satellite assistance information.
Proposal 9: RAN shall revisit the applicability of mandatory assistance information of neighbor NTN cells ( e.g. ephemeris data, frequency layer and PCI) in NTN-TN scenario. The information is beneficial but shall not be mandatory to mobility from TN to NTN.
Proposal 10: RAN4 study shall comply with the following essential guidelines in NTN-TN scenario and use them as baseline to adapt or update corresponding RRM requirements.
· UE isn’t required to measure at TN frequencies if it is located outside the TN coverage.
· UE shall prioritize TN frequencies if it is located in the both NTN/TN coverage.
Proposal 11: Priority (explicit or implicit) on TN cell in  NTN/TN mobility  requests differentiation between cell reselection from NTN to TN and cell reselection from TN to NTN. How to prioritize TN cell in the two cases shall be studied.
Proposal 12:  Definition of TN cell coverage is placed in RAN2, consequently, measurement optimization/robustness to deal with inaccuracy of coverage information shall be studied further in RAN4.
Proposal 13:  Regarding LS R1-2213001, Table 7.1C.2-1, Te_NTN, Timing Error Limit, applies to the first UL transmission in the target cell, also for RACH-less handover, provided the preconditions are fulfilled, i.e., that at least one SSB is available at the UE during the last 160 ms and the UE has a validity time running for NTA,common  and  NTA,UE-specific.
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Table 7.1C.2 - 1: T e_NTN   Timing Error Limit  

Frequency  Range  SCS of SSB  signals (kHz)  SCS of uplink  signals (kHz)  T e  

1  15  15  29*64*T c  

  30  24*64*T c  

  60  N/A  

 30  15  24*64*T c  

  30  22*64*T c  

  60  N/A  

Note   1:   T c   is the basic timing unit defined in TS 38.211 [6]  
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DL SCS (kHz)  UL SCS  (kHz)  CP (µs)  𝑇 𝑒   (µs)  ∆ 𝑇𝐴 _ 𝑐𝑜𝑚𝑚𝑎𝑛𝑑   (µs)  ∆ 𝑇𝐴 _ 𝑎𝑑𝑗𝑢𝑠𝑡   (µs)  Dispersion   (µs)  

15  15  4,69  0,94  0,26  0,13  2,02  

15  30  2,34  0,78  0,13  0,13  0,26  

30  15  4,69  0,78  0,26  0,13  2,34  

30  30  2,34  0,72  0,13  0,13  0,39  

 


