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Introduction
A Rel-18 WI on NTN enhancement [1] has been approved, and several objectives in the WID have RAN4 RRM involvement. As this is the first meeting for RAN4 RRM to work on this WI, we will provide our initial views on potential impacts on RRM requirements.
Discussion
Above 10GHz bands
	· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Specify Rx/Tx requirements for satellite access node and different VSAT UE class (not only 60 cm aperture) as appropriate for the identified example band [RAN4]
· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g. K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.


In Rel-17 NTN RRM requirements are defined based on band n255 and n256, both in FR1.
Table 5.2.2-1: NTN satellite bands in FR1
	NTN satellite operating band
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit
FUL,low   –  FUL,high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive
FDL,low   –  FDL,high 
	Duplex mode

	n256
	1980MHz – 2010 MHz
	2170 MHz – 2200 MHz
	FDD

	n255
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	NOTE: 	NTN satellite bands are numbered in descending order from n256.


In Rel-18, RF session is studying the example bands for NTN above 10GHz. Several candidates are being discussed, and the DL is in the range of 17.3-21.2GHz, and UL 27.3-31GHz. The range is in or close to FR2 range for TN, and we understand RAN4 needs to define or update RRM requirements for NTN for it.
Comparing TN RRM requirements for FR1 and FR2, the most outstanding difference is the use of Rx beam and more specifically for RRM, the consideration on Rx beam sweeping in measurements and mobility requirements. We think Rx beam sweeping also needs to be assumed for NTN in Ka bands, and detailed sweeping factor can be FFS. Another difference is the SCS. RF session has agreed 60 and 120kHz SCS for NTN above 10GHz. Some RRM requirements such as timing need to account for the new SCS. 
When defining the requirements for NTN above 10GHz, existing requirements for FR1 can be used as baseline. For example, handling of t-Service, multiple satellites (SMTC and Doppler) can be re-used. The existing side condition can be also re-used as a staring point.  
Proposal 1: RAN4 to define RRM requirements for NTN in above 10GHz bands. Existing requirements for FR1 are used as baseline, and at least following aspects are considered
· Rx beam sweeping are to be considered in measurement and mobility requirements
· New timing requirements are defined based on 60/120kHz SCS
NW verified UE location
	4.1.3	Network verified UE location


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

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


RAN#98 approved inclusion of NW verified UE location as an additional objective. The objective is to enable multi-RTT positioning with a single satellite, and in our view, from RAN4 RRM perspective, RAN4 needs to define requirements for delay and accuracy requirements for UE Rx-Tx measurement.
Existing TN requirements can be used as baseline. Of course, some specifics for NTN can be discussed and may need to be based on RAN1 inputs, e.g. the positioning is based on a single moving satellite, so the interval between two measurements may need to be controlled. The measurement sample and processing capability also need to be discussed in RAN1 first.
RAN4 may also need to discuss the side condition for NTN positioning. Based on our evaluation, the Es/Iot for DL measurement will be above 0dB, but we are open to further discussions.
Proposal 2: RAN4 to define measurement period and accuracy requirements for UE Rx-Tx measurement. 
· Existing TN requirements can be used as baseline.
· NTN specific aspects can be further discussed based on RAN1 progress
· Side condition is FFS
Another area RAN4 needs to pay attention is the report mapping for UE and gNB Rx-Tx. In current spec, the reporting range is from -0.5ms to +0.5ms. This is sufficient for TN positioning, but for NTN the distance between UE and TRP (satellite) is quite large. RAN1 is discussing how to define the measurement report to enable LMF to know the distance between UE and satellite. RAN4 should wait for RAN1 conclusion before discussing whether to update UE/gNB Rx-Tx report mapping.
Proposal 3: RAN4 waits for RAN1 conclusion on whether updates to UE/gNB Rx-Tx report mapping.
Mobility enhancements
	4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements

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]


There are several sub-objectives for mobility enhancement.
One sub-objective is to specify cell reselection enhancements for earth moving cell. During RAN2#119-bis, the following agreements were reached. 

1. For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to  UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)
2. System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.
3. In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE

In Rel-17, both time and location triggered cell reselection measurements are supported for earth fixed cell. It can be seen that RAN2 is discussing how to enable UE in earth moving cell to estimate when the serving cell stops providing coverage at the present UE location. Once RAN2 gets conclusion, RAN4 can define the requirements for time or location triggered cell reselection in a similar way as in Rel-17.
Proposal 4: RAN4 to define requirements for time or location triggered cell reselection for earth moving cell based on RAN2 progress.
Another sub-objective is to specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption. RAN2 has agreed to introduce means for a UE to differentiate when camping in an area only covered by NTN network, and that UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.

1. To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.
2. UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
3. The method of detecting the transmission energy or SIB presence to determine the NTN coverage when a UE currently camps on a TN cell is not pursued.

1. RAN2 will first continue the investigation on the details of the TN coverage data (e.g. accuracy requirements for describing where TN network(s) is/are available) and UE storage overhead before deciding how to send the information to the UE.
2. Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.

Based on current requirements, UE should measure a TN carrier based on configuration. If RAN2 agrees on the exact mechanisms to skip TN measurements, we believe it can be captured in either RAN2 or RAN4 spec. If it is captured in RAN2 spec, e.g. UE is not required to measure a TN carrier uncer certain condition, it then may not impact RAN4 requirements which are defined for carriers that UE needs to measure. Anyway, RAN4 can to discuss possible RRM impacts of TN-NTN cell reselection enhancements when there are enough progresses in RAN2.
Proposal 5: RAN4 to discuss possible RRM impacts of TN-NTN cell reselection enhancements when there are enough progresses in RAN2.
Another sub-objective is to specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. For this one, RAN2 has discussed several possible enhancements, including group HO, HO with same PCI and RACH-less HO.

1. RAN2 can further consider whether some information in the handover command that can be common to all UEs, can be delivered to UEs in common signalling and if there is real benefit (in terms of signalling overhead reduction) in this
2. Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefits

Agreements RAN2#119bis:
1. New Proposal 2: RAN2 continues the discussion (e.g. at RAN2#120) on the solution with keeping the same PCI after switching of the satellites. Clarify at least the following: 
	•	RAN1 impact
	•	The need to perform UL beam switching and/or RA 
	•	Applicability to hard or soft satellite switching

Agreements RAN2#119bis
1. Send an LS to RAN1 (cc RAN4) listing the scenarios (intra-satellite, inter-satellite with same or different feeder links) and check with RAN1 in which scenarios RACH-less is possible (with no indication of RAN2 preference)

It is clear that some of the enhancements, if agreed, will have impacts on RAN4 requirements. The HO delay and interruption requirements may be updated if there is change in the procedure. For example, if RACH-less HO is introduced, the ending point of HO procedure is changed, and new requirements may be needed as in LTE. On the other hand, since none of the enhancements has been agreed in RAN2, RAN4 can further wait for RAN2 progress before discussing real impacts on the requirements. 
Proposal 6: RAN4 to discuss possible RRM impacts of HO enhancements when there are enough progresses in RAN2.
Related to mobility enhancement, RAN4 received LS [2] from RAN1.
	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.


In our view, the RAN1 assumption in Note 1 is correct. 
	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 .


Te requirements in Table 7.1C.2-1 apply for the initial transmission including PRACH. During RACH-less HO, the initial transmission will not be PRACH or msgA but may be PUSCH. We do not see an issue for UE to meet the same requirements as PRACH. One specific issue is that  is zero for PRACH but may be non-zero for other channels. We assume RAN2 will specify how UE would determine this value if RACH-less HO is to be introduced.
Proposal 7: RAN4 confirms that RAN1’s assumption in Note 1 in [2] is correct provided that UE can determine the value of .
Conclusions
In this paper we provided our initial views on potential impacts on RRM requirements of Rel-18 NTN.
Proposal 1: RAN4 to define RRM requirements for NTN in above 10GHz bands. Existing requirements for FR1 are used as baseline, and at least following aspects are considered
· Rx beam sweeping are to be considered in measurement and mobility requirements
· New timing requirements are defined based on 60/120kHz SCS
Proposal 2: RAN4 to define measurement period and accuracy requirements for UE Rx-Tx measurement. 
· Existing TN requirements can be used as baseline.
· NTN specific aspects can be further discussed based on RAN1 progress
· Side condition is FFS
Proposal 3: RAN4 waits for RAN1 conclusion on whether updates to UE/gNB Rx-Tx report mapping.
Proposal 4: RAN4 to define requirements for time or location triggered cell reselection for earth moving cell based on RAN2 progress.
Proposal 5: RAN4 to discuss possible RRM impacts of TN-NTN cell reselection enhancements when there are enough progresses in RAN2.
Proposal 6: RAN4 to discuss possible RRM impacts of HO enhancements when there are enough progresses in RAN2.
Proposal 7: RAN4 confirms that RAN1’s assumption in Note 1 in [2] is correct provided that UE can determine the value of .
A draft LS reply is provided in Annex based on Proposal 7.
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1. Overall Description:
RAN4 would like to thank RAN1 for the information in LS R1-2213001. RAN4 confirms that RAN1’s assumption in Note 1 is correct provided that UE can determine the value of N_"TA" .

RAN4 respectfully asks RAN1/2 to take the above information into account. 

2. Actions:
To RAN1/2:
RAN4 respectfully asks RAN1/2 to take the above information into account. 

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #106-bis-e		Apr 17 – Apr 26, 2023			Online
RAN WG4 Meeting #107				May 22 – May 26, 2023		Incheon, South Korea
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