Page 1
Draft prETS 300 ???: Month YYYY
[bookmark: Title]3GPP TSG-RAN WG4 Meeting # 106bis-e		R4-2304154
Online, April 17 – April 26, 2023

[bookmark: Source]Agenda item:	5.27.5
Source:	Apple
Title:	RRM impacts overview for eNTN
[bookmark: DocumentFor]Document for:	Discussion
1. Introduction
In RAN4#106 meeting, the RRM impacts of eNTN have been discussed and WF was agreed in [1]. The conclusion from last meeting is duplicated as following,
	Topic #1: Response to incoming LS on RACH-less handover in NTN
[bookmark: _Hlk119439158]Issue 1-1: UL synchronization requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell?
Agreement:
· RAN4 to send a reply-LS to RAN1 with the following contents:
· For NTN-NTN FR1-FR1 handover, RAN4 to confirm that Note 1 in the LS (R1-2213001) is correct, i.e. the timing requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission, including PUCCH, PUSCH, SRS, PRACH, and msgA, in the target cell, provided that
· at least one SSB is available at the UE during the last 160 ms.
· UE is provided with information such that the UE has valid  and  upon handover execution.
· the network and UE have a common understanding of NTA component upon HO execution.
· RAN4 assumes the determination of the value for NTA for the different scenarios is up to RAN1
· The timing requirement specified in Table 7.1C.2-1 of TS38.133 are applicable to FR1 only and there are no requirements for other frequency ranges
· There are no existing RAN4 NR RRM requirements for RACH-less HO and additional RAN4 work will be required to introduce requirements and identify side conditions

Topic #5: NTN-TN and NTN-NTN mobility and service continuity enhancements
Issue 5-4: NTN-TN Handover
Conclusion:
· It is a common understanding of the group that NTN-TN handover is not in the immediate scope of Rel-18 NR NTN enhancement.
Agreement:
· RAN4 to not define NTN-TN handover, i.e. mobility requirements between NTN and TN are applicable only when UE is in RRC Idle/Inactive mode.

Topic #6: Applicable scope of this WI
Issue 6-1: Applicable scope of this WI
Agreement:
· Unless any compelling reasons are identified and agreed, RRM requirements will be defined for non-CA.
· The following aspects will be discussed under relevant items:
· Whether/How to define RRM requirements for mobility between NTN and FR1/FR2 TN will be discussed under sub-AI of “NTN-TN and NTN-NTN mobility and service continuity enhancements” if needed. The discussion also includes whether TN is limited to NR or other RATs.
· Whether/How to define RRM requirements for mobility within NTN-Ka bands and between FR1/FR2 and NTN-Ka bands will be discussed under sub-AI of “NR-NTN deployment in above 10 GHz bands”



In this contribution we continue the discussion about the impact on RRM for the eNTN UE as well as the new RACH-less HO requirement for eNTN.
2. Discussion on eNTN RRM
The objectives in the WID[1] are as followings:
	4.1.1	Coverage enhancement
4.1.2	NR-NTN deployment in above 10 GHz bands
4.1.3	Network verified UE location
4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements



The main bullets to impact RAN4 RRM is the 4.1.2 and 4.1.4. Regarding the “NR-NTN deployment in above 10 GHz bands”, some agreements from RF session in RAN4#106 meeting were:
	Issue 3-1: conductive or radiated RF requirement for NTN UE [2]
Agreement: 
· Define the radiated requirement as the first priority.
Issue 1-1-1: Above 10 GHz NTN band definition [3] (updated during ad-hoc meeting 18h00-19h00 on 4th Day)
Agreement:
The following bands and frequency ranges were agreed, without square bracket.  Note that the DL lower frequency range was modified from 17.7 to 17.3 to reflect regional regulations.
	NTN operating band
	UL
Earth-to-Space
	DL
Space-to-Earth

	n5121
	27.5 - 30.0 GHz
	17.3 - 20.2 GHz

	n5112
	28.35 - 30.0 GHz
	17.3 - 20.2 GHz

	n5103
	27.5 - 28.35 GHz
	17.3 - 20.2 GHz






Since RF will prioritize the radiated requirement and the new NTN band was agreed in [17.3-20.2GHz] for DL and [27.5-30.0GHz] for UL, the beamforming related requirement shall also be considered in RRM. In the deployment in such Ka bands, if NTN UE has Rx beam-forming for a Non-GSO satellite, the new measurement behavior might need more investigation since the legacy Rx beam sweeping factor is up to 8 which can cause very long measurement delay; that is, different from FR1 NTN measurement, the Rx beam sweeping needs to be considered in 10GHz NTN case, however, since the Non-GSO satellite can move very fast, the legacy beam sweeping may not be able to track the DL signal timely, e.g., using SSB for beam tracking, beam_sweeping_factor * SSB periodicity * sharing factor = 8*160ms * sharing factor =1280ms * sharing factor. Sharing factor here is the measurement resource sharing with other UE activities, e.g., L1 UE behavior or measurement gap on different carriers. Thus, some enhancements are probably needed to support mobility measurement in such Ka band, e.g., VSAT UE may adaptively switch the Rx beam direction according to the trajectory of the target satellite, or the beam sweeping factor might be reduced if VSAT UE can roughly determine a direction range for target satellite.  
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Moreover, in R17 TCI switching requirement for PDCCH, the switching is triggered by MAC CE and followed by L1-RSRP measurement and fine time tracking in certain cases. In order to shorten the switching delay, the timer triggered TCI switching or UE triggered TCI switching (e.g., using RSRP to determine the best TCI to switch to) may need to be investigated. And those solutions also need to be evaluated in RAN1 and RAN2.
Another potential issue is about the existing UE capability of 
· maxNumber-NGSO-SatellitesWithinOneSMTC-r17 and 
· parallelMeasurementWithoutRestriction-r17,
[image: Graphical user interface, text, application

Description automatically generated]
In maxNumber-NGSO-SatellitesWithinOneSMTC-r17, it’s only for FR1 and no Rx beam related measurement collision has been considered, that means, in FR1 UE can indicate to support multiple NGSO within SMTC for parallel measurement, however, in 10GHz NTN, the beam condition shall also be considered, and therefore UE may not be able to support parallel measurement.
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In parallelMeasurementWithoutRestriction-r17, it’s only for FR1 and no Rx beam related measurement collision has been considered, e.g., if the serving cell belongs to GSO satellite, no scheduling restriction is applied. However, when beam is considered, the measurement restriction may need to be re-considered in this capability design.
Proposal 1: RAN4 to specify the RRM requirement for NR-NTN deployment above 10 GHz bands after concrete conclusion is made in RF session, e.g., Rx beam-forming related RRM requirement.
Another aspect of this WI is “NTN-TN and NTN-NTN mobility and service continuity enhancements”. The working scope is as followings:
	This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· 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]



And in last RAN2 #121 meeting, some conclusions have been made below,
	c) Mobility enhancements

Agreements:
1.	TN coverage area information will be associated to the frequency information.
2.	RAN2 adopts explicit description of geographical TN area, and focuses on the following options for further discussion, taking the signalling overhead into account (FFS on the accuracy of the information):
	Option 1: The corresponding geographical area information is provided by network with location coordinates of area center and radius.
	Option 2: a boundary line is provided by network in the format of a list of location coordinates, additionally an indication can be used to indicate which side is the TN side
	Option 6: for each TN area, a list of locations is provided by network, and the corresponding close shape could be illustrated by a polygon connecting these points within the list.

Agreements:
1.	As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
2.	Also based on the signalling overhead of the broadcast solution, RAN2 will further consider the option that UE-specific update can be optionally be provided via dedicated signalling, overriding the broadcast configuration (FFS if via RRC or higher layers. FFS on the validity time, if provided by RRC)

Agreements:
1.	We don’t introduce additional cell reselection prioritization rules for NTN vs TN in Rel-18 (e.g. per service type, per mobility state, or per UE type) on top of what specified in Rel-17

Agreements:
1.	In R18, for earth-moving system, satellite with steerable beam is not considered as part of mobility enhancement in NTN.
2.	A serving cell reference location and a distance threshold/radius will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris).
3.	For cell selection/reselection, location-based measurement initiation is supported in earth-moving cell

Agreements:
1.	For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold.

Agreements:
1.	Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.
2.	For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location

Working Assumption: 
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.



According to the RAN2 agreements, the open issues are not concretely addressed in RAN2 for NTN-NTN mobility with earth moving cell, NTN-TN mobility, group-HO, RACH-less HO, soft satellite switching (continuity enhancements), and so on. Thus, in our view RAN4 RRM work can start after RAN2 has more conclusion on these open issues. However, at least, we can agree with RAN understanding that 
· the RRM requirement for timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point for NTN-NTN cell reselection requirement with earth moving cell 
For instance, as RAN2 agreed, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN, in earth-moving system, there is some coverage discontinuity issue, UE may need to prioritize the TN measurement to keep the connection continuity, as shown in the following figure. Similarly, RAN2 also mentioned soft HO in RAN2#120 meeting, and in our understanding, if soft HO is used in this WI, it would be likely to configure on the cell pair of same satellite type or GSO satellites. But such discussion may still need wait for more conclusions from RAN2.
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Proposal 2: 
For NTN-TN and NTN-NTN mobility and service continuity enhancements, RAN4 RRM work can start after RAN2 has more conclusions. 
In addition, RAN4 to agree:
· the RRM requirement for timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point for NTN-NTN cell reselection requirement with earth moving cell. 
3. Discussion on RACH-less HO requirement
In last RAN4#106 meeting, RAN4 replied in the LS that: There are no existing RAN4 NR RRM requirements for RACH-less HO and additional RAN4 work will be required to introduce requirements and identify side conditions. 

In LTE, we have RACH-less HO requirement as following:
	[image: ]



Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. That means when target cell is known the handover delay is as short as TIU+20ms. The known condition is defined as “In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown.” In TN network, since the gNB location is fixed, it’s feasible to use 5 second for known cell condition and UE can still use the previously measured timing to determine UL transmission of PUCCH/PUSCH. However, in NR NTN scenario, especially when target cell is associated with non-GSO satellite, such known cell condition may need to be carefully double checked. For legacy HO, UE can still have chance to use RACH procedure to adjust its timing, but for RACH-less HO, the inaccuracy of timing may result into the PUCCH/PUSCH reception failure at network side.

Also in the LS reply, RAN4 mentioned that,
	For NTN-NTN FR1-FR1 handover, RAN4 to confirm that Note 1 in the LS (R1-2213001) is correct, i.e. the timing requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission, including PUCCH, PUSCH, SRS, PRACH, and msgA, in the target cell, provided that
· at least one SSB is available at the UE during the last 160 ms.
· UE is provided with information such that the UE has valid  and  upon handover execution.
· the network and UE have a common understanding of NTA component upon HO execution.



In our view this “SSB availability in last 160ms” is to make sure UE has chance to perform time tracking before the UL transmission in RACH-less HO. However, if the target cell is determined as known (e.g., UE has measured and report L3 measurement results in last 5sec), UE may be still possible to fail the PUCCH/PUSCH transmission without DL timing tracking. Thus, we recommend RAN4 to investigate whether the known/unknown condition can be enhanced for RACH-less HO if target cell is non-GSO.
[image: ]
Proposal 3: RAN4 to discuss whether or how the known/unknown condition can be enhanced for RACH-less HO if target cell is a non-GSO.
4. Conclusion
In this contribution we discuss the impact on RRM for the eNTN UE.
Proposal 1: RAN4 to specify the RRM requirement for NR-NTN deployment above 10 GHz bands after concrete conclusion is made in RF session, e.g., Rx beam-forming related RRM requirement.
Proposal 2: 
For NTN-TN and NTN-NTN mobility and service continuity enhancements, RAN4 RRM work can start after RAN2 has more conclusions. 
In addition, RAN4 to agree:
· the RRM requirement for timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point for NTN-NTN cell reselection requirement with earth moving cell. 
Proposal 3: RAN4 to discuss whether or how the known/unknown condition can be enhanced for RACH-less HO if target cell is a non-GSO.
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5.1.21.2.2 Interruption time for RACH-less handover

When intra-frequency or inter-frequency RACH-less handover is commanded, the interruption time shall be less than
Tinterrupt

Ti_l’lterrupt = Tsearch + Tru + 20 ms

Where:

search 18 the time required to search the target cell when the target cell is not already known when the handover

command is received by the UE. If the target cell is known, then Tsearch = O ms. If the target cell is unknown and
signal quality is sufficient for successful cell detection on the first attempt, then Tearch = 80 ms. Regardless of
is in use by the UE, T.earch shall still be based on non-DRX target cell search times

Ty is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with
RACH-less handover in the new cell.

- T can be up to 10 ms if UL grant is configured in RRC command.
NOTE: The actual value of Tyy shall depend upon the UL grant configuration in RRC command.

- Twcan be up to Tur_grant if UL grant is not configured in RRC command.

NOTE: equired to acquire and process uplink gr

In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement durimn
the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 8.1.2.2.1
for intra-frequency handover and Clause 8.1.2.3.1 for inter-frequency handover.
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