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Introduction
During 3GPP TSG RAN WG4 Meeting #106bis-e, the discussions on RRM requirements for NR NTN enhancement were collected in WF [1]. In this contribution, we present our views and proposals on the remaining issues herein. 
Discussion
Network verified UE location
As per RAN2’s agreements, network verified UE positioning in NTN Rel-18 is expected to exploit multiple RTT measurements performed on PRS resource(s) transmitted from the same satellite over different time occasions, and same to gNB Rx-Tx time difference measurements. Consequently, the legacy requirements to UE Rx-Tx time difference measurements for multiple RTT positioning, as the citation in below, shall be adapted to fulfill the characteristics of NTN scenario. 

	· 9.9.4.6	Measurement Period Requirements without Measurement Gaps
When physical layer receives last of NR-Multi-RTT-ProvideAssistanceData message and NR-Multi-RTT-RequestLocationInformation message from LMF via LPP [34], UE shall be able to measure multiple (up to the UE capability specified in clause x.x.x) UE Rx-Tx time difference measurements as defined in TS 38.215 [4] in configured positioning frequency layers within the measurement period  ms.
, if any of the positioning frequency layers are in Case 1, or
, if all the positioning frequency layers are in Case 2.
Where,
	 is the index of positioning frequency layer, and
	 is total number of positioning frequency layers, and
	 is the periodicity of the PRS RSTD measurement in positioning frequency layer i, and
	 is the time from the start of the first PPW occasion for positioning frequency layer i to the start of measurement period .
	A positioning frequency layer is in Case 1 if UE reports ppw-durationOfPRS-Processing1-r17 for the band containing the positioning frequency layer, and a positioning frequency layer is in Case 2 if UE reports ppw-durationOfPRS-Processing2-r17 for the band containing the positioning frequency layer.	
	 is the measurement period for UE Rx-Tx time difference measurement in positioning frequency layer i as specified below.
	
Where
	 is the periodicity of the UE Rx-Tx time difference measurement in positioning frequency layer i as defined further in this clause.
	 is the scaling factor for measurement of same PRS resource with multiple Rx TEGs.
	=1 if UE is not supported measureSameDL-PRS-ResourceWithDifferentRxTEGs-r17 or not requested by LMF to measure a PRS resource with multiple Rx TEGs via measureSameDL-PRS-ResourceWithDifferentRxTEGs-r17 [34] in NR-DL-TDOA-RequestLocationInformation;
	otherwise,
	=, if UE is not capable of receiving same DL PRS resource simultaneously from multiple Rx TEGs, and 
	= if UE is capable of receiving the same DL PRS resource simultaneously from multiple Rx TEGs.
	where
	 is the number of Rx TEGs with which UE is requested to measure a PRS resource indicated via measureSameDL-PRS-ResourceWithDifferentRxTEGs-r17 [34] in NR-Multi-RTT-RequestLocationInformation, and in case ‘n0’ is indicated,  is the maximum number of Rx TEGs with which UE can support to measure the same PRS resource as reported in NR-UE-TEG-Capability, and
	 is the number of Rx TEGs UE can measure simultaneously which is reported via measureSameDL-PRS-ResourceWithDifferentRxTEGsSimul.
	is the scaling factor for Rx beam sweeping, and =1 if positioning frequency layer i is in FR1.  If positioning frequency layer i is in FR2, is equal to the value reported by the UE in lowerRxBeamSweepingThan8-FR2 if the UE supports the capability for the band containing positioning frequency layer i, and the LMF indicates lowerRxBeamSweepingThan8-FR2 in NR-TDOA-RequestLocationInformation.  is equal to 8, otherwise.
	 is the time duration of available PRS resources in the positioning frequency layer i, to be measured during , and is calculated in the same way as PRS duration K defined in clause 5.1.6.5 of TS 38.214 [26].  For calculation of ,
	only the unmuted PRS resources that meet the applicability conditions and fully or partially overlapped with PRS processing window are considered, if positioning frequency layer i is in Case 1, or 
	only the PRS resources unmuted and fully or partially overlapped with the first (PPWL-T2) ms of PPW are considered, if positioning frequency layer i is in Case 2, where PPWL is the PPW length and T2 corresponds to ppw-durationOfPRS-ProcessingSymbolsT2.
	 is the maximum number of DL PRS resources of positioning frequency layer i configured in a slot,
	 is UE capability combination per band where N is a duration of DL PRS symbols in ms corresponding to ppw-durationOfPRS-ProcessingSymbolsN  in TS 37.355 [34] if positioning frequency layer i is in Case 1, or corresponding to ppw-durationOfPRS-ProcessingSymbolsN2 in TS 37.355 [34] if positioning frequency layer i is in Case 2,
-	 is UE capability for number of DL PRS resources that it can process in a slot corresponding to ppw-maxNumOfDL-PRS-ResProcessedPerSlot as specified in clause 6.4.3 of TS 37.355 [34],
-	 is the number of UE Rx-Tx time difference measurement samples:
-	= 4 if the UE is not capable of supportedDL-PRS-ProcessingSamples defined in [34].
-	= 1 if the UE is capable of supportedDL-PRS-ProcessingSamples defined in [34] and LMF requests the UE to perform positioning measurements with reduced number of samples by requestedDL-PRS-ProcessingSamples [34] and the following conditions are met:
-	PRS bandwidth is within the active BWP and 
-	Magnitude of difference between the serving cell’s SS-RSRP and the neighbor cell’s PRS-RSRP is within [6] dB.
-	=  [2] if the UE is capable of supportedDL-PRS-ProcessingSamples defined in [34] and the LMF requests the UE to perform positioning measurements with reduced number of samples by requestedDL-PRS-ProcessingSamples [34] but the following conditions are not met:
-	PRS bandwidth is within the active BWP and
-	Magnitude of difference between the serving cell’s SS-RSRP and the neighbor cell’s PRS-RSRP is within [6] dB.
-	= 4 otherwise.
-	 is the measurement duration for the last UE Rx-Tx time difference measurement sample in the positioning layer i, including the sampling time and processing time.
	If positioning frequency layer i is in Case 1 and all of the PRS resources to be measured are available in the same PPW occasion during Tavailable, then  =  +PPWL, else
	if positioning frequency layer i is in Case 2 and all of the PRS resources to be measured are available in the same PPW occasion during Tavailable, then   = PPWL; 
	otherwise,  =  + .
-	 is periodicity of UE Rx-Tx time difference measurement in positioning frequency layer i: 
	
where
		corresponds to ppw-durationOfPRS-ProcessingSymbolsT  in TS 37.355 [34] if positioning frequency layer i is in Case 1, or corresponds to the sum of ppw-durationOfPRS-ProcessingSymbolsT2 and ppw-durationOfPRS-ProcessingSymbolsN2 in TS 37.355 [34] if positioning frequency layer i is in Case 2,
	, the least common multiple between  and  	 
	 is the PRS processing window repetition periodicity in positioning frequency layer i.
	 is the PRS resource periodicity in positioning frequency layer i. If the positioning frequency layer i has more than one DL PRS resource sets with different PRS periodicities with muting,  , the least common multiple of  among DL PRS resource sets is used to derive , where
	 is the periodicity of PRS resource sets given by the higher-layer parameter DL-PRS-Periodicity.
	 is the scaling factor considering PRS resource muting. , where  is the muting repetition factor given by the higher-layer parameter DL-PRS-MutingBitRepetitionFactor, and  is the size of the bitmap 
Note:	For the purpose of calculating TPRS,i, only the PRS resources that meet the applicability conditions and fully or partially covered by the PRS processing window are considered. 
The time  starts from the first PRS processing window instance aligned with DL PRS resources in the assistance data after both the NR-Multi-RTT-RequestLocationInformation message and NR-Multi-RTT-ProvideAssistanceData message from LMF via LPP [34] are delivered to the physical layer of UE.
The UE Rx-Tx time difference measurement period is restarted if HO occurs during the measurement period and after SRS reconfiguration on the target cell is complete. 
The measurement requirements do not apply for a PRS resource:
-	if the PRS resource is across two sampling duration of N within duration  or 
-	if time span of the PRS resource instance (including at least the minimum number of repetitions specified in the accuracy requirements) is greater than UE reported capability N.
If during the measurement period of one or more positioning frequency layers, the PRS processing window is reconfigured or reactivated either per UE request or not per UE request, the measurement period can be longer.
The requirements in this section apply, provided no PRS symbols are dropped during the measurement period  within PRS processing window due to collisions with other signals; otherwise, a longer measurement period may be used.
When PRS-RSRP is configured for multi-RTT, the UE Rx-Tx time difference measurements and PRS-RSRP measurements are performed over the same measurement period. 
The requirements in clause 9.9.4.6 do not apply if the PRS configuration given by higher layer paramters NR-DL-PRS-AssistanceData exceeds any of the UE measurement capabilities given by NR-DL-PRS-ResourcesCapability in NR-Multi-RTT-ProvideCapabilities, and it is up to UE implementation which PRS resources are measured, subject to UE measurement capabilities.
When PSCell or SCell addition or release does not cause SRS reconfiguration during the measurement period, UE continues the UE Rx-Tx time difference measurement, and the measurement period requirements apply.
When PSCell or SCell addition or release causes SRS reconfiguration during the measurement period, UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete.
When SRS is reconfigured without cell change during the measurement period, UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete.
If UE uplink transmission timing changes due to the network-configured Timing Advance command during the UE Rx-Tx measurement period, then the UE Rx-Tx time difference measurement period is restarted after uplink transmission timing changes, and the UE Rx-Tx time difference measurement period requirements in this clause shall not apply.
If UE uplink transmission timing changes due to the change in the NTA_offset defined in Table 7.1.2-2 during the UE Rx-Tx measurement period, then the UE Rx-Tx time difference measurement period is restarted after uplink transmission timing changes, and the UE Rx-Tx time difference measurement period requirements in this clause shall not apply.
If UE uplink transmission timing changes due to the UE autonomous timing adjustment defined in clause 7.1.2 during the UE Rx-Tx measurement period, then:
-	UE Rx-Tx measurement period requirements in this clause shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1) for SRS transmission.
-	UE Rx-Tx measurement period requirements in this clause shall not apply for a cell, which is not the downlink reference cell (defined in section 7.1.1) for SRS transmission. The UE Rx-Tx time difference measurement period may be restarted in such case.
If any positioning frequency layer is in Case 2, the requirements in this clause apply provided that the PPWL corresponding to the positioning frequency layer is larger than (T2+X) ms.
The requirements in this clause apply provided that a single positioning frequency layer is configured for measurement in each PPW.



Since Single-satellite based multiple RTT measurements essentially are on single frequency layer, then the total measurement samples   and  shall be revisited.  originally is designed for measuring multiple contiguous measurement samples on reference signals from one or more than one gNB(s)/TRP(s) and   corresponds to the periodicity of reference signal (i.e. periodicity of measurement samples). 
In contrast, because only one satellite is involved into positioning in NTN, to permit positioning with single satellite meeting particular accuracy, there must be a trade-off between total measurement time (satellite’s moving distance) and positioning accuracy. There’re various approaches to increase total measurement time, including the following:
Option1: increase 
Option2: Set PRS resource periodicity in  of a large number
Proposal 1: RAN4 shall check measurement accuracy requirement in NTN.
Proposal 2: RAN4 shall check the shortest total measurement time that can satisfy measurement accuracy requirement.
Proposal 3: RAN4 shall check how to define  and  to derive the required total measurement time.

NTN-TN and NTN-NTN cell reselection enhancements
Issue 4-1: NTN-NTN Cell reselection enhancements for earth moving cell
Issue 4-1-A: Time-based cell reselection in earth moving cell NTN deployments
Quote RAN2’s agreements as following:

Agreements:
1. RAN2 understands that for earth-moving cell reselection, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (FFS whether a new epochTime IE is needed). RAN2 understanding is that both PVT and orbital parameters can be used for this. FFS if additional information is needed to allow more accurate measurements.
2. For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.
3. For cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19.
4. For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.
5. Time-based cell reselection criteria is not pursued in R18.

By combining agreement 4 and agreement 5, to our understanding, these agreements can be interpretated that no enhancement on measurement requirements for time-based cell reselection in earth moving cell NTN deployments.
Proposal 4: RAN4 to check if it can be agreed that no enhancements on measurements for time-based cell reselection in earth moving cell NTN deployments in Rel-18.

Issue 4-1-B: For location-based cell reselection in earth moving cell NTN deployments
Following agreement 3, the location-based measurement initiation reuses distanceThresh in SIB19 same as the case for Earth fixed satellites. Even indication of the reference location of serving cell isn’t fixed, we suppose the impact to RRM requirements is limited.
Proposal 5: From RRM perspective, RAN4 to check if same location-based measurement initiation is applicable to earth moving and earth fixed NTN deployments besides of the IE indicating reference location of serving cell.

Issue 4-2: NTN-TN Cell reselection enhancements (to reduce UE power consumption)
	· No agreement. Wait for further progress from RAN2. Companies can provide further analyses in the next meeting as usual. The analyses and discussions may depend on the following aspects:
· The direction of cell reselection, e.g. from TN to NTN, from NTN to TN
· The type of satellites, e.g. GEO, GSO, NGSO
· The type of NTN cell deployment, e.g. earth fixed cell vs. earth moving cell
· Accuracy of TN coverage information provided by NTN cell. 
· Whether assistance information of neighbour NTN cells ( e.g. ephemeris data, frequency layer and PCI) provided by serving TN cell is mandatory in terms of RRM requirement definition/applicability



As per agreements in RAN2 which also are depicted in below table, TN coverage information is defined as a via a list of (possibly overlapping) areas where each area is defined using center location coordinates + radius. Furthermore, frequency information for each TN coverage area is FFS.
Agreements:
1. For signaling the TN coverage, the corresponding geographical area information is provided by broadcast signalling by the network via a list of (possibly overlapping) areas where each area is defined using center location coordinates + radius (where the area is meant to describe a group of cells, not just a single one). FFS on the SIB. FFS on whether additional information in dedicated signalling is needed/useful

Agreements via email – from offline 106:
1. Area center location and its radius for TN coverage information is signalled using Ellipsoid-Point and radius separately. FFS if Rel-17 referenceLocation and distanceThresh are directly reused
2. Decision on the size of TN coverage area list is postponed until more is known on the format of this information and how is it sent.

Agreements online:
1. The discussion on how to indicate the frequency information for each TN coverage area should be combined with the discussion on which SIB will be used to indicate the TN coverage area, possibly based on evaluation of the signalling overhead
2. The acquired TN area coverage information remains valid until the next system information update of the SIB including TN coverage info
Working assumption:
1. We do not introduce new triggers making the UE reacquire the TN coverage information from SI



The UE may have to change to the TN cell upon acquiring information about the TN coverage signaled by TN/NTN network node. However, it's probable that the TN coverage information should only be used as a very approximate estimate:
· In some cases, a UE may have been covered by a TN cell even its position is out of the indicated TN coverage, or
· On the contrary, a UE may have not covered by a TN cell even its position already is in the indicated TN coverage with margin. 
It has been agreed in RAN2 that UE isn’t required to measure TN frequencies if it is outside of the TN coverage, thus UE shall determine when to initiate measure TN frequencies with respect to TN coverage information and its position. Depending on variety of TN coverage information, the UE may be leveraged to perform unnecessary measurements or not able to perform necessary  measurements if UE initiate measurements strictly based on TN coverage information. 
Observation 1: Accuracy of TN coverage information is questionable. Wasting/missing measurements on TN frequencies might become an issue if the accuracy of TN coverage information can’t be granularized and guaranteed.
Proposal 6: RAN4 to study measurement initiation from NTN to TN with respect to TN coverage information, the following gives a few instances.
1. UE shall initiate measurements marginally, before UE moves into the area indicated by TN coverage information.
2. If UE could not detect any TN cell after UE’s position is within the area indicated by TN coverage information, UE can relax measurement on TN cell at the least in a particular period.

Another agreement in RAN2 is copied in below:

Agreements via email – from offline 107:
1. On a frequency band number shared by TN and NTN (e.g., n1), if NTN-specific assistance information is NOT provided for a neighbour cell configured in SIB3/SIB4, UE assumes this is a TN neighbour cell. This understanding is also applicable for Rel-17 and it does not need any spec update

The agreement indeed promises that assistance information of neighbor NTN provided by serving TN cell is mandatory to RRM requirement definition/applicability.
Proposal 7: Assistance information of neighbor NTN cells provided by serving TN cell is mandatory to RRM requirement definition/applicability.

Issue 4-3: NTN-NTN Cell reselection enhancements (to reduce UE power consumption)
	· No agreement. In the future meetings, companies can provide further analyses on whether and to what extent UE measurement for LEO NTN-NTN cell reselection can be relaxed to reduce power consumption. The analyses should take into account, e.g. LEO cell type, cell deployment type (earth moving and quasi-earth fixed cell), UE implementation vs. RAN2 spec support based approach, feasibility, quantitative analyses in terms of gain-loss, etc.



We re-present our view raised in last meeting but with plenty of updates based on comments by companies. Firstly, the relevant requirements are copied in below:
	If [serving cell service time information] is broadcasted and applicable, UE shall be able to detect, measure, and evaluate neighbour cells before the serving cell stops serving the area regardless of whether the distance condition based on serving cell reference location is met [or the legacy Srxlev/Squal condition are met], and when to start the detection, measurement and evaluation on neighbour cells is up to UE implementation. This requirement does not apply when the time span from the last slot of SI transmission within SI modification period  where the broadcasting of the last updated value for t-Service is acquired by the UE for the first time to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than Ttrigger.
	Ttrigger = max(Tdetect,NR_Intra, Kcarrier* Tdetect,NR_Inter),
where
-	Kcarrier is the number of NR inter-frequency carriers indicated by the serving cell,
-	Tdetect,NR_Intra refers to HST intra-frequency cell detection delay in IDLE/INACTIVE mode defined Table Table 4.2C.2.3-2,
-	Tdetect,NR_Inter refers to HST inter-frequency cell detection delay in IDLE/INACTIVE mode defined Table 4.2C.2.4-2.




In NTN Rel-17, above agreements request UE shall start at least before Ttrigger, otherwise no intra-frequency or inter-frequency detection, measurement or evaluation requirements are applicable to UE. 
The agreements implicitly imply that the UE hasn’t any known knowledge of any cell on each frequency layer, then UE has to go through intra-frequency and all inter-frequency layers in Ttrigger. But in legacy requirements on  neighbor cell measurements, there already are a set of conditions of applicability of  Tevaluate,NR_Intra  and Tevaluate,NR_Inter  in specification for UE to shorten measurements for cell reselection, which is copied below.
	For an intra-frequency cell that has been already detected, but that has not been reselected to, the filtering shall be such that the UE shall be capable of evaluating that the intra-frequency cell has met reselection criterion defined in [clause TBD] within Tevaluate,NR_Intra if the UE does not support [capability for enhanced requriements] or if the [NW configuration for enhanced requirements] is not enabled, or within Tevaluate,NR_Intra_enh if the UE supports [capability for enhanced requriements] and the [NW configuration for enhanced requirements] is enabled, when Treselection = 0 as specified in table 4.2C.2.3-1 or table 4.2C.2.3-2 provided that:
-	when rangeToBestCell is not configured:
-	the cell is at least 3dB better ranked in FR1 or 4.5dB better ranked in FR2.
-	when rangeToBestCell is configured:
-	the cell has the highest number of beams above the threshold absThreshSS-BlocksConsolidation among all detected cells whose cell-ranking criterion R value in [clause TBD] is within rangeToBestCell of the cell-ranking criterion R value of the highest ranked cell. 
-	if there are multiple such cells, the cell has the highest rank among them. 
-	the cell is at least 3dB better ranked in FR1 or 4.5dB better ranked in FR2 if the current serving cell is among them.



In same manner, Ttrigger can be abbreviated under same conditions.
Proposal 8: To improve efficiency of measurements for reselection (applicable to Earth-fixed and Earth-moving cell, but more necessary to the latter), additional associated conditions can be added under the framework of Ttrigger:
· To an intra-frequency cell that has been already detected, but that has not been reselected to [detailed conditions to be added ], and If time span from broadcast time of T-Service to the time instant of T-Service is longer than [Tevaluate,NR_Intra], then the cell evaluation requirement: [Tevaluate,NR_Intra] is valid.
· To an inter-frequency cell that has been already detected, but that has not been reselected to[detailed conditions to be added ], and If time span from broadcast time of T-Service to the time instant of T-Service is longer than Kcarrier* [Tevaluate,NR_Inter], then the cell evaluation requirement: [ Tevaluate,NR_Inter] is valid.

NTN-NTN handover enhancements

Issue 5-1: RACH-less (C)HO
In last meeting, below agreements were achieved, the main concerns focus on known/unknown condition and fine time tracking issues. In legacy RACH-less HO, only neighbor cell with same/similar TA is applicable for RACH-less HO. That is the reason why fine time tuning isn’t needed. 
In NTN, the situation is different, the use case of RACH-less HO comprises  inter-satellite handover with gateway/gNB switch, and inter-satellite. The TA might be totally different in serving cell/satellite and neighbor cell/satellite involved in RACH-less HO. UE shall utilize ephemeris data to estimate and determine UL timing without TA information.
Given that satellites move, accurate time tracking might be advantageous because the legacy known condition permits up to 5 seconds of duration. In the period, an accurate time tracking may be beneficial even at the expense of extra HO delay. 
	Agreement:
· RAN4 to define RACH-less NTN HO requirements based on the RACH-less LTE HO requirements. NR and NTN specific adjustments shall be made. The adjustments to investigate may include:
· FFS on known/unknown condition
· FFS on necessity of fine time tracking if target cell is known
· FFS on others if identified
· Note: some aspects would need to wait for further RAN2 progress.



The basic stages for RACH-less HO are available based on the agreements in RAN2 that are stated below. We understand RRM requirements aren’t impacted by those unclear open issues.

Agreements via email – from offline 109:
1. NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
2. NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB.
3. RAN2 confirms the general UE procedure for NTN RACH-less HO 
	1.	receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)
	2.	start timer T304 for the target cell (RRC)
	3.	perform DL and UL synchronization, and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)
	4.	start time alignment timer (MAC)
	5.	monitor target cell PDCCH for dynamic grant if pre-allocated grant is not configured in RACH-less HO command (MAC, PHY)
	6.	send initial UL transmission including RRCReconfigurationComplete message using the available UL grant (RRC, MAC, PHY)
	7.	consider RACH-less HO is completed upon receiving NW confirmation. FFS how to confirm RACH-less HO is successfully completed. (RRC, MAC)
	8.	stop timer T304 for the target cell. (RRC)
	FFS whether to release UL grant if pre-allocated after RACH-less HO completion
	FFS RACH-less HO failure handling, e.g. whether UE fallback to RACH-based HO to the target cell
	FFS procedure for RACH-less HO combined with PCI unchanged or CHO if supported
4.	The pre-allocated grant is provided as type-1 CG
5.	Send an LS to RAN1 informing RAN2 agreements on NTN RACH-less HO and check RAN1 views on the following aspects:
	1. whether the pre-allocated grant is provided with association to SSBs; if so, whether a RSRP threshold is configured for SSB selection.
	2. to monitor target cell PDCCH for dynamic grant for initial UL transmission, whether beam indication can be provided in RACH-less HO command.
	3. power control for initial UL transmission


Agreements online:
1. At least for pre-allocated grant, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field. FFS if anything else is needed for dynamic grant
2. Consider to support combining RACH-less HO with time-based CHO for NTN, taking into account the 1) validity of pre-allocated grant and potential waste of reserved resource; 2) when/how to provide dynamic grant in PDCCH.

Proposal 9: RAN4 to check any steps/operations in RACH-less procedure still are uncertain to definition of RRM RACH-less HO delay. For example, the below step is still unclear and not sure if fine time tracking with one reference signal occasion (like T∆ in NR handover) can cover the time period of DL and UL synchronization.
Proposal 10: We are open to consider adding fine time tracking in RACH-less HO if no enhancement on legacy known condition.

On UE timing for FR2
In revised WF from RAN4#106bis [1] the following open agreements and open issues were listed in relation to UE UL SCS and associated requirements:
	…
Issue 2-1: Numerologies in NR-NTN above 10 GHz bands
Agreement:
· RAN4 to consider the following numerologies for RRM requirement definition for NR-NTN above 10 GHz bands:
· Consider SSB SCS larger than 30kHz, i.e. 120kHz and 240kHz
· Consider UL SCS larger than 30kHz, i.e. 60kHz and 120kHz
· RAN4 to send an LS to RAN1 and RAN2

Issue 2-2: UE UL Timing Accuracy Requirements for higher UL SCS than 30kHz in NR-NTN above 10 GHz bands
Agreement:
· The assumption of the maximum total positioning error due to UE location and Satellite position estimation error shall be tightened compared to the assumption of the existing Rel-17 NR NTN.
· The exact values and required conditions will be further discussed/determined in the future meetings.
· Alternatives can be further discussed, e.g. ECP (only for 60kHz SCS), limiting UL SCS, limiting SSB SCS, limiting UE mobility, etc.
· Note: the above “maximum total positioning error due to UE location and Satellite position estimation error” will not be specified in the requirement but it’s only used as an assumption to derive the UE Tx timing requirement.
…



In this contribution we highlight potential issues regarding UE UL time budget which affect BS RX performance. 
Subcarrier spacing for different UL/DL signals/channels
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:
[image: ]
Plugging in into (1) we get:

[image: ] 
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: SCS = 120 kHz would result in zero margin for GNSS error.
If we focus on SCS = 60 kHz UE UL, we have different options:
· Stricter GNSS positioning error in RAN4, for SCS = 60 kHz and normal CP 
· Extended Cyclic prefix, ECP, for SCS = 60 kHz.
For SCS = 60 kHz, UL data, SSB DL = 120 kHz,  normal CP we have:
·  is Cyclic Prefix = 36 ≈ 1.17 µs
· Dispersion ≈ 0.26 µs (say)
·  is TA command quantization error () = 2 ≈ 0.0651 µs
·  is UE TA adjustment error (TS 38.133, 7.3.2). = 1 ≈ 0.032 µs

0.358 µs >   11  , 
 = 3.5  for terrestial today => 7.5  margin => RTT error of 7.5  * c = 73 m = pos error of 37 meters in total = 23 meters UE GNSS pos error + 14 meters satellite pos error
Proposal 11: A total positioning error of 37 meters (23 meters UE GNSS and 14 meters of satellite position error) would suffice for UE UL SCS = 60 kHz, corresponding to Te_NTN = 11 Ts.
For SCS = 60 kHz, UL data, SSB DL = 120 kHz, Extended CP (12 symbols per slot instead of 14), we get:
· ECP is optional in TS 38.306 UE capability spec.
·  is Cyclic Prefix = 144 ≈ 4.69 µs
· Dispersion ≈ 0.26 µs (say)
·  is TA command quantization error () = 2 ≈ 0.0651 µs
·  is UE TA adjustment error (TS 38.133, 7.3.2). = 1 ≈ 0.032 µs

2.25 µs >   69  , 
 = 3.5  for terrestial today => 65.5  margin => RTT error of 65.5  * c = 640 m = pos error of 320 meters in total allowed => Existing 50 m UE position error and 30 m satellite position error fit nicely.
Proposal 12: ECP and UL SCS = 60 kHz work with existing 50 m UE position error and 30 m satellite position error.
Conclusion
Observation 1: Accuracy of TN coverage information is questionable. Wasting/missing measurements on TN frequencies might become an issue if the accuracy of TN coverage information can’t be granularized and guaranteed.
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: SCS = 120 kHz would result in zero margin for GNSS error.

Proposal 1: RAN4 shall check measurement accuracy requirement in NTN.
Proposal 2: RAN4 shall check the shortest total measurement time that can satisfy measurement accuracy requirement.
Proposal 3: RAN4 shall check how to define  and  to derive the required total measurement time.
Proposal 4: RAN4 to check if it can be agreed that no enhancements on measurements for time-based cell reselection in earth moving cell NTN deployments in Rel-18.
Proposal 5: From RRM perspective, RAN4 to check if same location-based measurement initiation is applicable to earth moving and earth fixed NTN deployments besides of the IE indicating reference location of serving cell.
Proposal 6: RAN4 to study measurement initiation from NTN to TN with respect to TN coverage information, the following gives a few instances.
1. UE shall initiate measurements marginally, before UE moves into the area indicated by TN coverage information.
2. If UE could not detect any TN cell after UE’s position is within the area indicated by TN coverage information, UE can relax measurement on TN cell at the least in a particular period.
Proposal 7: Assistance information of neighbor NTN cells provided by serving TN cell is mandatory to RRM requirement definition/applicability.
Proposal 8: To improve efficiency of measurements for reselection (applicable to Earth-fixed and Earth-moving cell, but more necessary to the latter), additional associated conditions can be added under the framework of Ttrigger:
· To an intra-frequency cell that has been already detected, but that has not been reselected to [detailed conditions to be added ], and If time span from broadcast time of T-Service to the time instant of T-Service is longer than [Tevaluate,NR_Intra], then the cell evaluation requirement: [Tevaluate,NR_Intra] is valid.
· To an inter-frequency cell that has been already detected, but that has not been reselected to[detailed conditions to be added ], and If time span from broadcast time of T-Service to the time instant of T-Service is longer than Kcarrier* [Tevaluate,NR_Inter], then the cell evaluation requirement: [ Tevaluate,NR_Inter] is valid.
Proposal 9: RAN4 to check any steps/operations in RACH-less procedure still are uncertain to definition of RRM RACH-less HO delay. For example, the below step is still unclear and not sure if fine time tracking with one reference signal occasion (like T∆ in NR handover) can cover the time period of DL and UL synchronization.
Proposal 10: We are open to consider adding fine time tracking in RACH-less HO if no enhancement on legacy known condition.
Proposal 11: A total positioning error of 37 meters (23 meters UE GNSS and 14 meters of satellite position error) would suffice for UE UL SCS = 60 kHz, corresponding to Te_NTN = 11 Ts.
Proposal 12: ECP and UL SCS = 60 kHz work with existing 50 m UE position error and 30 m satellite position error.
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image1.emf
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]  

 


image2.emf
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  

 


