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1. Introduction

In RAN4#98bis-e meeting, one WF on NTN RRM was approved in [1]. Most items are open. This contribution provides further analysis on NTN measurement. 
2. Discussion
· CHO in NTN
CHO is a solution to solve the near-far effect in NTN as shown in Figure 1. 
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Figure 1 Near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN [2]

In TN network, the RSRP/RSRQ values are significantly different between cell center and cell edge since the TN cell coverage is limited. In NTN network, since the obit of satellite is extraordinary high, e.g. the altitude of GEO is about 35,786 km, the signal from the satellite is almost vertical to the ground which leads to the little difference of signal strength between the centre and the edge of NTN cell. Therefore it is hard for network to judge the exact point to send handover command in NTN cell. To deal with the handover issue, CHO is a solution in NTN. In CHO, gNB sends handover command to UE earlier, and when the handover trigger condition is met UE starts handover execution automatically. 
The following agreements related with CHO in RAN2 previous meetings are duplicated as below,
Agreements

1. Reconfiguration with sync is the baseline for connected mode mobility in NTN (the use of legacy RLF and re-establishment mechanism are not excluded)

2. The CHO can be used in NTN for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline for NTN CHO. 

3.
NTN specific CHO execution condition can be further discussed.

4.
The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. Support for new measurement is not excluded.

5.
Legacy SSB periods (as in TN) shall be supported in NTN

Agreements via email - offline 105:

1. Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario.  FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.

2. DAPS HO for NTN is de-prioritized in this release.

3. Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.

4. The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event.

Agreements:

1. Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.
Agreements:

1.
Timing information in CHO execution triggering for NTN describes the time after which the UE is allowed to execute CHO to the candidate target cell.

2.
Working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers. This can be revised and a solution based on UTC/system frame number can be considered if problems are found (e.g. if the timer lacks accuracy due to RTT in NTN).

3.
The location in location-based CHO execution triggering for NTN describes the distance between the UE and the reference location of the cell (serving cell or the target cell). FFS what the reference location of the cell is (e.g cell center or other) and how this is provided to the UE

Both time/timer based CHO, location based CHO are discussed in RAN2. The details of time information or location information are FFS and how to configure these CHO triggering event are also under discussion. In our understanding, both time/timer based CHO and location based CHO shall combine with the existing R16 RSRP/RSRQ based CHO. 
Regarding time/timer based CHO, the timing information in timer based CHO is used to describe the time after which the UE is allowed to execute CHO to the candidate target cell. RAN2 is discussing whether the time information is absolute time or not, e.g., based on UTC or system frame number. Compared with the existing CHO, an additional time duration which is used for waiting for CHO execution is introduced. This procedure is new, and whether the existing CHO delay can be applied needs further discussion. For example, in existing CHO delay, TEvent_DU is defined as the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover. If reusing the same TEvent_DU definition, the time information in NTN is included in TEvent_DU and can not be explicitly embodied in specification. Another point is whether the starting point of CHO delay is still from the point where the handover command is correctly decoded for timer based CHO. In this way the handover delay will be prolonged compared with the current CHO procedure. Therefore we suggest to further discuss the handover delay definition of timer-based CHO in NTN.
Proposal 1: How to define handover delay of timer-based CHO in NTN shall be discussed.

Regarding the location based CHO trigger, the motivation about location based trigger is to provide the cell coverage information to UE, then UE can determine if it is in the coverage of current serving cell or out of coverage, and decide if a CHO should be triggered. In RAN2#113bis-e meeting, it has been agreed to use the distance between the UE and the reference location of the cell (serving cell or the target cell). However what the reference location of the cell is (e.g cell center or other) and how this is provided to the UE is FFS.
In our understanding when the location assistance information is broadcasted, UE can only calculate a coarse timing, rather than the accurate timing. Thus in order to make the solution simple, cell centre coordinates and cell radius for a circle foot print can be provided. In case there are multiple beams for a NTN cell, a coordinate list of beam centres and beam radius can be provided by network. Accordingly the handover delay of location-based CHO in NTN shall be discussed as well. In addition, there are the similar concern about the CHO delay definition as timer-based CHO in NTN.
Proposal 2: The reference point of cell could be cell centre or a list of beam centres, and beam radius is also provided by network. The handover delay of location-based CHO in NTN shall be discussed as well.
· RSRP/RSRQ/SINR Measurement accuracy
Regarding RSRP, RSRQ and SINR, although the variation of measurement quantity is different between TN network and NTN network, the RRM measurement accuracy shall be the similar. As we know, the measurement accuracy is defined as the measurement result error compared with ideal value (absolute or relative). The error comes from baseband and RF margin. In our understanding, the side condition (SINR) is the same for TN and NTN network as UE shall have the similar UE experience. Under the same side condition, the baseband error shall be unchanged. As it is the same UE who is served by TN or NTN network, the RF margin for NTN capable UE and normal UE are supposed to be similar. Moreover the measurement reference point of the UE is unchanged in both TN and NTN network. Thus we think the existing accuracy of measurement quantity in current spec can be reused for NTN scenario as a starting point.
Proposal 3: The existing accuracy of RSRP/RSRQ/SINE in current spec can be reused for NTN RRM measurement as a starting point.
· SMTC and measurement gaps

For mobility management, the neighbour cell measurement is an essential functionality. For UE, SSB transmitted to UE shall experience the feeder link and the service link. When UE is in the overlapping area between two satellites, the experienced propagation path through two transparent satellite can be very various. Then the SMTC window for measurement and the configured gap window may not be aligned. In RAN2 last meeting, there are some progress about SMTC. The agreements are duplicated as below.

Agreements:

1. For Rel-17 NTN, Rel-17 NR operation is enhanced (e.g. the SMTC configuration and UE measurement gap onfiguration) aiming to address the issues associated with the different/larger propagation delays, and the satellites (considering e.g. their deployment, mobility, height, minimum elevation and prioritizing typical NTN scenarios).

2. Rel-17 NTN will not rely only on network implementation to address the issue explained in agreement 1.

3. Enhancements of the SMTC configuration is supported for Rel-17 NTN.

4. Optional new UE assistance is defined in Rel-17 NTN for network to properly (re)configure the SMTC and/or measurement gap

Agreements - via email (from offline [106])

1. For Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. FFS solution details.

-
The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).

-
The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.

FFS the following open questions: 


(a) can the UE be configured with multiple SMTCs per carrier and use them all in parallel?

(b) How the NW knows which SMTC (incl. offsets/periodicity, etc.) is relevant for a particular UE? 

(c) Is there any validity: in time or for certain location only, foreseen in such multiple SMTC configuration?


(d) What is the potential impact on the signalling, assuming this delay is a dynamic value?

(e) What about the feeder link delay? Is it considered anywhere?
2. The configuration of one or multiple offsets is left up to the network implementation.
3. It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.

Agreements online:

1. Measurement gaps enhancements should be supported. FFS on the details

In R15 dual- SMTC configurations are allowed where the offset and duration of the two SMTC are the same and only the periodicity is different. In NTN as multiple SMTC configurations are configured on one frequency layer, and at least the offset can be different, the UE measurement behaviours need to be further discussed. Accordingly the existing measurement requirements shall be revisit.
Proposal 4: In NTN as multiple SMTC configurations are configured on one frequency layer, and at least the offset can be different, the UE measurement behaviours need to be further discussed. Accordingly the existing measurement requirements shall be revisit.
The measurement gap is related with SMTC configuration. If the multiple SMTC configurations configured in one frequency and one measurement can not cover two spaced SMTC duration, then measurement gap configuration may need to be enhanced. As the measurement gap issue is under discussion in RAN2, RAN4 can wait for the input from RAN2.
Proposal 5: As the measurement gap issue is under discussion in RAN2, RAN4 can wait for the input from RAN2.
3. Conclusion
This contribution provides the analysis on NTN measurement. Below the proposals are summarized:

Proposal 1: How to define handover delay of timer-based CHO in NTN shall be discussed.

Proposal 2: The reference point of cell could be cell centre or a list of beam centres, and beam radius is also provided by network. The handover delay of location-based CHO in NTN shall be discussed as well.
Proposal 3: The existing accuracy of RRM measurement quantity in current spec can be reused for NTN RRM measurement as a starting point.

Proposal 4: In NTN as multiple SMTC configurations are configured on one frequency layer, and at least the offset can be different, the UE measurement behaviours need to be further discussed. Accordingly the existing measurement requirements shall be revisit.
Proposal 5: As the measurement gap issue is under discussion in RAN2, RAN4 can wait for the input from RAN2.
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