[bookmark: _GoBack]3GPP TSG-RAN4 Meeting #107	                                                            R4-2307418
Incheon, KR, May 22 – May 26, 2023

Title:	Discussion on RRM requirements for NTN enhancement
Source:	CATT
Agenda Item:	8.27.5
[bookmark: DocumentFor]Document for:	Discussion
1 Introduction
In last meeting, the RRM requirements for NR NTN enhancement were discussed and the conclusions were captured in the approved WF [1]. Most of the issues are still open. In this paper, we have some further discussions on the possible RRM impact based on the agreed WF and give our views. 
2 Discussion
2.1 NR-NTN deployment in above 10 GHz bands
In last meeting, the numerologies supported for Ka band were agreed, i.e. 120kHz and 240kHz for SSB and 60kHz and 120kHz for UL transmission. With that, the timing requirements for higher SCS need to be considered. 
	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 FR1 NTN, the UL timing requirements were not defined for 60kHz due to the large timing error which cannot be guarantee the system performance. But for Ka band, only larger SCS are supported and the requirements should be defined. To define the requirements, the tightened assumption of the maximum total positioning error e.g. 30m should be used. Based on the new assumption, the definition of UL timing error limit in FR1 NTN can be reused as baseline. 
Besides to limit the assumption of maximum total positioning error, there are also other alternatives raised in last meeting. We understand to limit the UE mobility is more reasonable and general. And the other mechanisms e.g. pre-compensation of timing errors can also be considered. 
Proposal 1: Tightened assumption e.g. 30m total positioning error can be used by limiting UE mobility for defining UL timing error limit requirements. 
Proposal 2: The other mechanisms e.g. pre-compensation of timing errors can also be considered for defining UL timing error limit requirements. 
2.2 NTN-TN cell reselection
For NTN-TN cell reselection enhancement, there is the following agreement in RAN#121bis-e meeting as Annex. And in last meeting, some issues on the scope of this feature were raised in RAN4. 
	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


We think all the cases can be considered unless critical issues identified. For the direction of cell reselection, we understand based on the defined reselection conditions, both NTN-TN and TN-NTN reselection can be considered. Also for the types of satellite, the types of cell deployment, we think all types can be considered. For the TN coverage information, it was agreed in RAN2 that 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). We think there is no need to define the accuracy of coverage information. 
Proposal 3: Define requirements for NTN-TN cell reselection and TN-NTN cell reselection. 
Proposal 4: Define requirements for GEO and non-GEO. 
Proposal 5: Define requirements for earth fixed cell and earth moving cell. 
Proposal 6: Not to define accuracy of TN coverage information provided by NTN cell. 
2.3 NTN-NTN cell reselection
	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
· No agreement.
Issue 4-1-B: For location-based cell reselection in earth moving cell NTN deployments
Agreement:
· For location-based cell reselection in earth moving cell NTN deployments:
· Whether the coverage information of serving cell is (absolutely) necessary:
· [bookmark: OLE_LINK43]No consensus in the group on whether serving cell coverage information is absolutely necessary.
· Consider further progress and conclusion from RAN2, if any
· Whether and to what extent restrict the use of the values of DRX cycle:
· FFS: Do not further restrict DRX cycle beyond Rel-17 NR NTN.
Issue 4-1-C: whether and how to manipulate Kcarrier in Ttrigger
· No agreement. Further discussion in May meeting for “earth moving cell” and “quasi-earth fixed cell.”
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.


For NTN-NTN cell reselection, based on RAN2 agreements, time-based initiation measurement is used to address feeder-link switch case and time-based cell reselection criteria are not pursued in R18. We understand we only need to define requirements for location-based cell reselection. For location-based cell reselection, the distance threshold and reference location of serving cell are provided by the network and we understand there is no need to further provide serving cell coverage information. 
Proposal 7: RAN4 to define requirements for location-based cell reselection only. 
Proposal 8: For location-based cell reselection, serving cell coverage information is not necessary. 
2.4 NTN-NTN handover
	Issue 5-1: RACH-less (C)HO
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.


In last meeting, RAN4 agreed to define RACH-less NTN HO requirements based on the RACH-less LTE HO requirements which are also aligned with RAN2 agreement in [3]. And RAN2 agreed to support RACH-less HO for Intra-satellite handover with the same feeder link, intra-satellite handover with different feeder links, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB. RAN4 should define requirements for the supported cases. For the NTN-NTN RACH-less handover requirements, the known condition in LTE HO can be reused. 
Proposal 9: RAN4 to define RACH-less HO requirements for intra-/inter-satellite handover with and without gateway/gNB switch. 
Proposal 10: The known/unknown condition in RACH-less LTE HO can be reused for RACH-less NTN HO. 
3 Summary
In this paper, we have some discussions on possible RRM impact for NTN enhancement, the following observations and proposals are given: 
Proposal 1: Tightened assumption e.g. 30m total positioning error can be used by limiting UE mobility for defining UL timing error limit requirements. 
Proposal 2: The other mechanisms e.g. pre-compensation of timing errors can also be considered for defining UL timing error limit requirements. 
Proposal 3: Define requirements for NTN-TN cell reselection and TN-NTN cell reselection. 
Proposal 4: Define requirements for GEO and non-GEO. 
Proposal 5: Define requirements for earth fixed cell and earth moving cell. 
Proposal 6: Not to define accuracy of TN coverage information provided by NTN cell. 
Proposal 7: RAN4 to define requirements for location-based cell reselection only. 
Proposal 8: For location-based cell reselection, serving cell coverage information is not necessary. 
Proposal 9: RAN4 to define RACH-less HO requirements for intra-/inter-satellite handover with and without gateway/gNB switch. 
Proposal 10: The known/unknown condition in RACH-less LTE HO can be reused for RACH-less NTN HO. 
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Annex RAN2#121bis agreements on NTN enhancement
NTN-TN cell reselection enhancement
	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
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



NTN-NTN cell reselection
	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.



NTN-NTN handover
	Agreements:
1.	In Rel-18 we don’t aim at RACH-less HO for NTN-TN mobility
2.	For initial UL transmission in RACH-less HO, support pre-allocated grant in RACH-less HO command
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.
Agreements:
1.	In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported, unless major technical issues are identified by RAN1 (as usual RAN2 will aim at minimizing the specification impact so that it fits in Rel-18)
2.	Remove the part in brackets “as usual RAN2 will aim at minimizing the specification impact so that it fits in Rel-18” in the LS to RAN1. The action to RAN1 will also ask for feedback for the hard satellite switch (not only the soft satellite switch case), e.g. action to RAN1 is to see if there are any major technical issues (as in the agreement).
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