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1. Introduction
During email discussion, there has been some initial discussion on the measurement configuration and reporting in email discussion [Post111-e] [911] [NTN] Connected mode aspects [1]. In this paper, we share some further understanding on this issue, focusing on UE location report and measurement window configuration.
2. [bookmark: _Toc12718547]Discussion
2.1. UE location report
There has been initial discussion on UE location report during email discussion [Post111-e] [911] [NTN] Connected mode aspects and most companies understand that permission from UE is needed for the network to collect the UE location information in NTN for the purpose other than SON/MDT. If the UE location information is collected for other purpose, the UE consent for SON/MDT cannot be reused and a similar but independent procedure for permission should be considered. With such understanding, we observe that not all the NTN UE would allow network to collect its location information.
Observation 1: Not all the NTN UE would allow network to collect its location information and thus it cannot be assumed that UE location is always available at network side.
During the email discussion, the following use cases have been identified for UE location report:
· Use case 1: Mobility and service continuity handling
· Use case 2: Measurement configuration
· Use case 3: Registration area management and paging
· Use case 4: Scheduling
· Use case 5: Enforce country-specific policies
For use case 1-4, the UE location may be useful for some further enhancement but the existing framework can still work in NTN. While use case 5 is a NTN specific use case which cannot be addressed by existing NR procedures as a NR cell will not cover more than one countries. Considering that not all the NTN UE would allow network to collect its location information, a common solution applicable for UE allowing location information collection and UE not allowing that should be considered to help NTN cell enforce country-specific policies.
Observation 2: A common solution applicable to the cases when UE location is available or unavailable at network side should be considered to help NTN cell identify the country UE is in and enforce country-specific policies accordingly.
The following approaches can be considered to acquire coarse-grained UE location information without invasion of user privacy.
· Approach 1: Enforce country specific policies according to UE reported TN cell information
As shown in Figure 1, both TN and NTN cells may be deployed in the same geographical area. 


Figure 1. An example of TN and NTN cells within the same area
When UE camps on a NTN cell, it can still perform measurements on neighboring TN cells based on the configuration received from the camped NTN cell and tries to receive system information (including PLMN identity, TAI, NCGI and so on) from a TN cell. 
PLMN-Id consists of Mobile Country Code (MCC) and Mobile Network Code (MNC).
-	PLMN-Id = MCC || MNC
Such TN cell information (e.g. PLMN identity, TAI and NCGI) can show coarse-grained UE location information. At least which country the UE is in can be reflected by such information (e.g. the MCC in PLMN id).
UE can then report such TN cell information (e.g. PLMN identity, MCC, TAI and NCGI) to the serving NTN cell via RRC message to help network identify the country UE is in and enforce country-specific policies to this UE.


Figure 2. Report TN cell information to NTN network to show UE location
· Approach 2: Enforce country specific policies according to location based event triggered measurement report
During email discussion, most companies would like to support location-based measurement event in NTN for both moving cell and fixed cell scenario, in which case an area scope will be configured to UE and a measurement report will be triggered when UE moves out of or moves in the area scope configured.
The area scope can be configured in the following different ways:
· Alt1: A relative area scope, in which case the area scope will change as the movement of satellite.
· Alt1-1: The area scope is configured as the relative distance between UE and satellite.
· Alt1-2: The area scope is configured as the relative distance between UE and the center of a cell.
· Alt2: An absolute area scope, in which case the area scope will not change unless new configuration is received.
· Alt2-1: The area scope can be expressed as single reference location (represented by location coordinates) and a radius associated to the reference location.
· Alt2-2: A list of location coordinates. 
· Alt2-3: A list of TAI (PLMN + TAC) of TN cells. As shown in Figure 4, a list of TAI of TN cell (e.g. TAI#1 and TAI#3) can be configured to represent the cell edge of the serving NTN cell and UE trigger measurement report when it moves in to this area.


Figure 3. Example of Alt.2-1 and Alt.2-2


Figure 4. Example of Alt.2-3
If an absolute area scope is configured as measurement report triggering event, network would be aware of the general location of UE when measurement report is sent and thus be able to identify the country UE is in and apply country specific policies accordingly.


Figure 5. Example of configuring an absolute area scope at the country border
As shown in figure 5, an area scope (expressed as a list of location coordinates) can be configured as the measurement report triggering event and measurement report is sent when UE moves into this area. Upon receiving the measurement report, network would know UE has moved from Mongolia into China even though no actual UE location information is included in the measurement report.
Proposal 1: The following approaches should be considered to help network identify the country UE is in and enforce country-specific policies:
· Approach 1: UE acquires the system information from TN cells and report TN cell information (e.g. PLMN identity or MCC) to the serving NTN cell.
· Approach 2: Network configures location based measurement event and identifies the country UE is in based on the received measurement report.
2.2. Measurement window configuration
The following objective has been included in this WI [2].
Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].


Figure 6. Propagation delay difference between satellites
As shown in Figure 6, a UE served by a LEO satellite S2, will be covered by an incoming LEO satellite S1. The UE should perform measurements of the neighboring cells originating from S1 for mobility purposes based on the measurement configuration provided to the UE, however the propagation delay difference from the UE to satellite S1 and the UE to satellite S2 may vary. If the SMTC and measurement gap configuration does not consider the propagation delay difference, the UE may miss the SSB/CSI-RS measurement window and will thus be unable to perform measurements on the configured reference signals.
During email discussion [Post111-e] [911] [NTN] Connected mode aspects, there has been initial discussion on this issue. 
The measurement gap length configuration in NR is copied below with candidate value 1.5ms, 3ms, 3.5ms, 4ms, 5.5ms and 6ms.
    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
The SMTC configuration in NR is shown below and the candidate value of the periodicity of the measurement window in which to receive SS/PBCH blocks are 5ms, 10ms, 20ms, 40ms, 80ms, and 160ms.
SSB-MTC ::=                             SEQUENCE {
    periodicityAndOffset                    CHOICE {
        sf5                                 INTEGER (0..4),
        sf10                                    INTEGER (0..9),
        sf20                                    INTEGER (0..19),
        sf40                                    INTEGER (0..39),
        sf80                                    INTEGER (0..79),
        sf160                                   INTEGER (0..159)
    },
    duration                                ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
}

SSB-MTC2 ::=                        SEQUENCE {
    pci-List                            SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                   OPTIONAL,   -- Need M
    periodicity                         ENUMERATED {sf5, sf10, sf20, sf40, sf80, spare3, spare2, spare1}
}
One possible solution without changing the existing measurement gap and SMTC configuration is to rely on network implementation, for example, by limiting the configuration that only 5ms SSB period is supported in NTN. With the 5ms SSB period, the periodicity of SMTC can be configured as 5ms as well, while the measurement gap length can be configured as 6ms to ensure that UE will be able to receive SSB during the measurement gap. However, during the email discussion, most companies consider it to be too restrictive and would increase the system overhead dramatically.
Thus, some enhancements should be considered to address this issue and the following solutions have been proposed during email discussion:
· Solution1: Reuse the current signaling for SMTC and measurement gap configuration. The timing of configured SMTC and gap refer to the timing on satellites of PCell or on NTN GW of PCell (assuming that the SMTC is the same on satellite or on NTN GW for intra-frequency NTN cells), and it is up to UE to derive the real timing of SMTC and measurement gap on UE side (e.g. take the transmission delay into account).


Figure 7: Example of solution 1
For solution 1, since the real timing of SMTC window on UE side for cells served by other satellites will change from time to time based on the movement of satellites, the NW also need to derive the real timing of measurement gap on UE side based on the location of UE and the ephemeris of neighboring satellites. The measurement gap and SMTC is maintained per satellite at both UE and network side.
· Solution2: Reuse the current signaling for SMTC configuration and extend the length of measurement gap.
· Solution 2.1: The measurement gap length can be extended to ensure that the length is larger than or equal to the SSB periodicity of the serving and neighbor cells. 
· Solution 2.2: The measurement gap length is extended based on the max propagation delay difference between the serving and the neighboring satellite so that UE will be able to detect SSB from serving and neighbouring satellites.


Figure 8: Example of solution 2.2
· Solution3: Network provides SMTC configuration for each neighbor cell or neighbor satellites with different offset value, taking different transmission delay into account. The timing of SMTC refers to the timing of PCell at UE side.


Figure 9: Example of solution 3
As mentioned in 2.1, UE location is not always available at network side, thus a common solution for SMTC and measurement gap configuration is needed for the cases when UE location is available or unavailable at network side.
Observation 3: A common solution applicable to the cases when UE location is available or unavailable at network side should be considered in SMTC and measurement gap configuration in NTN.
In our understanding, solution 1 and 3 can only work for the case when UE location is available at network side as network has to evaluate the SMTC or measurement gap at UE side based on the RTD delay between UE and the serving or neighboring satellites while solution 2: Reuse the current signaling for SMTC configuration and extend the length of measurement gap could be a common solution applicable in the cases when UE location is available or unavailable at network side. 
Considering that the delay difference between the serving and neighboring satellite would be limited, there seems to be no need to extend the measurement gap to be comparable to SSB periodicity thus solution 2.2 is preferred.
Proposal 2: The current signaling for SMTC configuration is reused while the measurement gap length is extended based on the max propagation delay difference between the serving and the neighboring satellite so that UE will be able to detect SSB from serving and neighboring satellites.
Proposal 3: An LS should be sent to RAN4 to check the feasibility of the above solution.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Observation 1: Not all the NTN UE would allow network to collect its location information and thus it cannot be assumed that UE location is always available at network side.
Observation 2: A common solution applicable to the cases when UE location is available or unavailable at network side should be considered to help NTN cell identify the country UE is in and enforce country-specific policies accordingly.
Proposal 1: The following approaches should be considered to help network identify the country UE is in and enforce country-specific policies:
· Approach 1: UE acquires the system information from TN cells and report TN cell information (e.g. PLMN identity or MCC) to the serving NTN cell.
· Approach 2: Network configures location based measurement event and identifies the country UE is in based on the received measurement.
Observation 3: A common solution applicable to the cases when UE location is available or unavailable at network side should be considered in SMTC and measurement gap configuration in NTN.
Proposal 2: The current signaling for SMTC configuration is reused while the measurement gap length is extended based on the max propagation delay difference between the serving and the neighboring satellite so that UE will be able to detect SSB from serving and neighboring satellites.
Proposal 3: An LS should be sent to RAN4 to check the feasibility of the above solution.
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E-mail Address:		gao.yuan66@zte.com.cn


1. Overall Description:

RAN2 has discussed SMTC and measurement gap configuration in NTN and agreed that the current signaling for SMTC configuration in NR is reused while the measurement gap length is extended based on the max propagation delay difference between the serving and the neighboring satellite so that UE will be able to detect SSB from serving and neighboring satellites.

2. Actions:

RAN2 kindly asks RAN4 to evaluate the feasibility of the above solution and provide any feedback.

3. Date of Next TSG-RAN WG2 Meetings:
RAN2#113           	2021-01-25	2021-02-05	Online Meeting
RAN2#113-bis        2021-04-12	2021-04-20	Online Meeting
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