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1	Introduction
Based on the discussions in RAN2 #116bis-e the following open issue remains for the “other” agenda item:
	OI 2.11 [Other] Signalling range of positionX, positionY, positionZ 
OI 2.12 [Other] Signalling range and step size of velocityVX, velocityVY, velocityVZ
OI 2.13 [Other] UE location reporting in eMTC
OI 2.14 [Other] UE location reporting in NB-IoT



Furthermore, there is a left issue which we proposed in the [Post116bis-e][089][IoT-NTN] for open issues discussion but it was not captured in the issue list.  That is, RAN1 inform RAN2 that the UE should report GNSS validity duration to the network via RRC signalling in LS [1], but RAN2 did not discuss it in last meeting. 
	· The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}



In this contribution, we will address the open issues listed above and discuss how to report the GNSS validity duration to network.
2	Discussion
2.1	Signalling range
In the running CR for 36.331 (R2-2201769) the position and velocity vectors are defined as below:
–	SystemInformationBlockTypeXX
The IE SystemInformationBlockTypeXX contains satellite assistance information.
SystemInformationBlockTypeXX information element
-- ASN1START

SystemInformationBlockTypeXX-r17 ::= SEQUENCE {
	servingSatelliteInfo-r17		ServingSatelliteInfo-r17,
	lateNonCriticalExtension		OCTET STRING					OPTIONAL,
	...
}

ServingSatelliteInfo-r17 ::= 	SEQUENCE {
	ephemerisStateVectors-r17		EphemerisStateVectors-r17		OPTIONAL,	-- Need OR
	...
}

EphemerisStateVectors-r17 ::= 	SEQUENCE {
	positionX-r17					PositionStateVector-r17,
	positionY-r17					PositionStateVector-r17,
	positionZ-r17					PositionStateVector-r17,
	velocityVX-r17					VelocityStateVector-r17,
	velocityVY-r17					VelocityStateVector-r17,
	velocityVZ-r17					VelocityStateVector-r17
}

PositionStateVector-r17 ::= INTEGER (-3355432..33554431)

VelocityStateVector-r17 ::= INTEGER (-131072..131071)

-- ASN1STOP

positionX, positionY, positionZ
X, Y, Z coordinate of satellite position state vector in ECEF. Unit in meter.
Value range -42200000…42200000 by step of 1.3. Actual value = IE value * 1.3.
velocityVX, velocityVY, velocityVZ
X, Y, Z coordinate of satellite velocity state vector in ECEF. Unit in meter/second.
Value range -8000…8000 by step of 0.06. Actual value = IE value * 0.06.


The RAN1 #107-e agreement is:
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Position and velocity state vector ephemeris format is 17 bytes payload. 
· The field size for position (m) is 78 bits
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is 1.3m for position
· The field size for velocity (m/s) is 54 bits
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is 0.06 m/s for Velocity


The position vector (PositionStateVector-r17) in the 36.331 is in the range (-3355432..33554431). Using the quantization step of 1.3 m the range in meter is (-4362061.6 .. 43620760.3) m.
First, it is clear that there is a typo in the lower bound, because it is around 4362 km, while it should include 42200 km. 
Observation 1: The lower bound of the PositionStateVector-r17 is not correct.
Second, the upper bound exceeds the range, because the value is about 43620 km. 
This is caused by the fact that the entire range provided by the number of allocated bits is used. The field size for the position, according to RAN1 is 78 bits i.e. 26 bits per dimension (x,y,z). The upper bound is thus 2^25 -1 = 33554431. 
Observation 2: The upper bound of the PositionStateVector-r17 exceeds the range defined by RAN1, because of the number of allocated bits provides a longer range.
We do not see and issue with this, because 1) it is not possible to use 25 bits (i.e. making the range too small) and 2) network can just avoid configuring the part of the range that is invalid according to the RAN1 agreement.
Proposal 1: RAN2 to correct the lower bound of PositionStateVector-r17 to 33554432.
Proposal 2: RAN2 to confirm the upper bound of PositionStateVector-r17 to 33554431.
The velocity vector (VelocityStateVector-r17) in the 36.331 is in the range (-131072..131071). Using the quantization step of 0.06 m/s the range in meter is (-7864.32 .. 7864.26) m/s. It is evident that the range provided by VelocityStateVector-r17 is less than the +/- 8000 m/s defined by RAN1. However, unless the LEO satellite reaches altitudes below 200 km the current value range of 7.8 km/s is sufficient, because a 200 km altitude corresponds to 7.79 km/s. Therefore, the 36.331 is OK, while the RAN1 agreement could potentially be updated to reduce the velocity range to +/- 7800 m/s. This would also avoid incurring the need for 3 additional bits in the field size (one per x,y,z dimension).
Proposal 3: RAN2 to confirm the current value range of VelocityStateVector-r17.
Proposal 4: RAN2 to inform RAN1 that the range of the velocity vector shall be updated to +/- 7800 m/s.
2.2	UE location reporting
At RAN1 #107e meeting, RAN1 has agreed that NW can configure UE-specific TA reporting either as TA or UE location for RRC connected mode UE. 
In previous RAN2 meetings the following was agreed for IoT NTN:
RAN2 #116-e
1. Support UE-specific TA reporting using MAC CE in Msg3/Msg5 for IoT NTN.
2. For IoT NTN, UE specific TA reporting during RACH procedure (MSG3/MSG5) in RRC IDLE is enabled/disabled by SI, similar with NR NTN.
3. Support TA reporting in RRC connected mode in IoT NTN.
4. UE-specific TA report uses MAC CE.
5. Support event-triggered for TA reporting in connected mode. Wait for NR NTN agreements for other triggers.

RAN2 #116bis-e
1. Do not mandate Msg3 or Msg5 to include TA report MAC CE, and whether it can be included depends on the TB size of Msg3 or Msg5.
2. Reuse NR NTN’s TA reporting trigger event in IoT NTN, i.e., a TA offset threshold between current TA and the last successfully reported TA is used for event-triggered TA reporting. FFS for location used for TA reporting purpose.
3. Introduce a new MAC CE for provision of UE specific K_offset and the size is fixed to 1 byte. FFS on the MAC CE’s name.
4. (Following NR NTN) Neither of the following options are supported “TA information requested by network”, “Periodical reporting of TA information” 
5. (Following NR NTN) Upon reception of configuration or reconfiguration of TA reporting trigger event, if UE has not reported TA before, the UE triggers a TA reporting. FFS whether we need different behaviour for different re-configurations e.g. Handover.

On UE location information Reporting:
6. Assume that eMTC can follow whatever is agreed for NR NTN
a. Chair comment: detailed impacts were not discussed.
7. For NB-IoT, assume that the location info need to be protected, also coarse location info, as has been stated by SA3. 
FFS if location can be reported by NAS, can ask CT1/SA2. Can also ask SA3 to confirm their view on coarse location information. Keep R3/SA2 informed.



In previous RAN2 meetings the following was agreed for NR NTN: RAN2 #116-e
1. In case UE location information can be reported to network, dedicated signaling is used to configure UE to report the UE location and/or the UE specific TA information for the purpose of TA reporting in connected mode. FFS if both mechanisms are needed in parallel

RAN2 #116bis-e
1. UE triggers a TA reporting upon reception of configuration or reconfiguration of TA reporting trigger event if the UE has not reported TA before.
2. Other than event-triggered TA reporting, no more triggers are introduced for TA reporting in connected mode.
3. For the TA report triggering event which uses the offset threshold between current information about UE specific TA and the last successfully reported information about UE specific TA, no hysteresis or time to trigger is needed.
4. If SA3 will confirm that NTN-specific user consent will the available in Rel-17, the network could at least ask the UE to report its UE location for any reason at any time. FFS if we define an event-triggered reporting of UE location for TA reporting purposes.

In general, it is important to observe the benefits of UE location reporting in NTN. Compared to UE-specific TA reporting the number of transmissions will be smaller, at least for the quasi-stationary/stationary UE. This is due to the fast satellite movement triggering TA change, which would have to be reported in case of TA reporting but can be estimated by both UE and RAN in case of location reporting. Therefore, the location reporting is expected to reduce the signalling overhead and power consumption. Furthermore, the UE location can be used by the network to map the Cell ID and for proper MME selection. 
Observation 3: UE location reporting for TA purpose can reduce the Uu signalling overhead and UE power consumption.
To reduce the Uu signalling, for NR NTN, RAN2 has agreed that the network could at least ask the UE to report its UE location for any reason at any time if SA3 will confirm that NTN-specific user consent will the available in Rel-17. For NB-IoT, whether and how to report location is still in discussion. However, RAN2 has agreed that eMTC can follow whatever is agreed for NR NTN on UE location information Reporting, though the detailed impact was not discussed in last meeting due to time limitation. 
Proposal 5: For eMTC over NTN, if SA3 will confirm that NTN-specific user consent will the available in Rel-17, the network could ask the UE to report its UE location for TA purpose.

2.2.1	UE location reporting in eMTC
Network should be able to configure either TA or location reporting per UE, but not configure both at the same time for one UE because they are derived from the same inputs. Therefore, dedicated signalling shall be used to configure UE to report the UE location or the UE specific TA but not in parallel.
For the RRC Connected UE which has AS security established and provided user consent, the UE location information to be reported is fine location, e.g. full GNSS coordinates. This reporting can be made via RRC signalling.
Proposal 6: For UE in RRC Connected mode, for the purpose of TA reporting, it is eNB’s decision to configure UE to report either UE-specific TA or UE location information if the AS security is established and the NTN specific user consent is stored in the eNB.
Proposal 7: The UE location information to be reported to NW is fine location information/full GNSS coordinates.
Proposal 8: RRC signalling is used to report UE location information.
The UE location reporting update in eMTC can follow what was discussed for NR NTN, i.e. the use of event-triggered reporting and upon reception of configuration or reconfiguration of the event. 
Both NW and UE should predict the TA based on UE location and satellite ephemeris data. If UE is stationary, the NW can perfectly predict the actual TA which the UE will experience, both at the time of reporting and at future point(s) in time, hence no UE location update is needed. 
If the UE is moving, the UE should calculate a reference TA between UE and satellite from the last successfully reported location and the satellite positions for the current time. The UE should also calculate an actual TA between UE and satellite from the current UE location and the satellite positions for the current time. Only if the actual TA and the reference TA deviation exceed the network configured TA change threshold, the UE provides a location update. 
Proposal 9: For UE location information update, if the UE detects that the TA deviation between TA estimation based on current UE location and the TA estimation based on last successfully reported UE location is larger than network configured threshold, the UE should send a location update to the NW.

2.2.2	UE location reporting in NB-IoT
For NB-IoT UEs AS security cannot be assumed to be supported at least for CP solution. According to LS from SA3 (R2-2200149/S3-213360) for NR NTN location reporting, it is stated that even sending coarse location unprotected should be avoided. RAN2 has sent LS [3] to SA3 confirm whether the coarse location can be reported to NW for NB-IoT device given the IoT device may not have the same privacy requirement as in NR. Furthermore, RAN2 has also asked other WGs if it is feasible for UE to provide location to the MME via NAS in which the UE location can be used by the network to map the Cell ID and for proper MME selection. From RAN2 point of view, we cannot make decision on whether and how to support UE location reporting in NB-IoT before we get LS responses from other WGs.
Proposal 10: For UE location information reporting in NB-IoT, RAN2 should wait for LS responses from other WGs for further decisions.

2.3	GNSS validity duration reporting
In previous RAN2 meetings the following was agreed for the GNSS fix.
	RAN2 #116bis-e
5. UE need to have a valid GNSS fix before going to connected. RAN2 assumes that the UE may need to re-aquire the GNSS fix right before establishing the connection (regardless if previously valid or not), if needed to avoid interruption during the connection. 
6. When the GNSS fix becomes outdated in RRC_CONNECTED mode, the UE goes to IDLE mode.



In RAN1#107e meeting, RAN1 discussed the issue on GNSS position validity and has made the following agreements. 
	Agreement:
The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}

Agreement:
For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated.



When the GNSS fix becomes outdated, both RAN1 and RAN2 agreed the UE goes to Idle mode. But there is no conclusion whether UE should go to idle autonomously or it’s up to NW to release the UE. However, no matter how UE goes to idle mode, UE should report GNSS validity duration to the network via RRC signaling as indicated by RAN1 in LS [1]. In our view, the motivation of reporting UE’s GNSS validity duration to network is to reach a common understanding on the GNSS validity timer status between network and UE. If NW releases the UE to idle, the GNSS validity duration is the information to enable NW to decide when the UE should be released. If the UE go to idle autonomously, the GNSS validity duration is the information to help NW release the UE allocated resource and UE context in time.
Proposal 11: RAN2 to confirm UE should report its GNSS validity duration to network via RRC signalling as requested by RAN1.
On which RRC message the UE should report the GNSS validity duration, companies provided some options in contributions. E.g. in new RRC message, UEAssistanceInformation or RRCConnectionSetupComplete, RRCConnectionResumeComplete messages. Since the UEAssistanceInformation message is used for the indication of UE assistance information to the eNB, we think it is a simple solution to include GNSS validity duration in this message.
Proposal 12: UE reports the GNSS valid duration information to network in the UEAssistanceInformation message.
3	Conclusion
This document has made the following observations:
Observation 1: The lower bound of the PositionStateVector-r17 is not correct.
Observation 2: The upper bound of the PositionStateVector-r17 exceeds the range defined by RAN1, because of the number of allocated bits provides a longer range.
Observation 3: UE location reporting for TA purpose can reduce the Uu signalling overhead and UE power consumption.
And proposed the following:
Proposal 1: RAN2 to correct the lower bound of PositionStateVector-r17 to 33554432.
Proposal 2: RAN2 to confirm the upper bound of PositionStateVector-r17 to 33554431.
Proposal 3: RAN2 to confirm the current value range of VelocityStateVector-r17.
Proposal 4: RAN2 to inform RAN1 that the range of the velocity vector shall be updated to +/- 7800 m/s.
Proposal 5: For eMTC over NTN, if SA3 will confirm that NTN-specific user consent will the available in Rel-17, the network could ask the UE to report its UE location for TA purpose.
Proposal 6: For UE in RRC Connected mode, for the purpose of TA reporting, it is eNB’s decision to configure UE to report either UE-specific TA or UE location information if the AS security is established and the NTN specific user consent is stored in the eNB.
Proposal 7: The UE location information to be reported to NW is fine location information/full GNSS coordinates.
Proposal 8: RRC signalling is used to report UE location information.
Proposal 9: For UE location information update, if the UE detects that the TA deviation between TA estimation based on current UE location and the TA estimation based on last successfully reported UE location is larger than network configured threshold, the UE should send a location update to the NW.
Proposal 10: For UE location information reporting in NB-IoT, RAN2 should wait for LS responses from other WGs for further decisions.
Proposal 11: RAN2 to confirm UE should report its GNSS validity duration to network via RRC signalling as requested by RAN1.
Proposal 12: UE reports the GNSS valid duration information to network in the UEAssistanceInformation message.
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