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1	Introduction
[bookmark: _Ref178064866]Here we discuss issues related to GNSS position measurements and reporting. 

[bookmark: _Ref154582601]2	Discussion
2.1	GNSS validity duration reporting
In the appendix we listed all RAN2 agreements for the GNSS validity duration reporting after GNSS fix operation. 
Among those, we note that at RAN2#122, Incheon we agreed 
1. The UE triggers GNSS measurement reporting every time upon completing the GNSS fix operation.
And further at RAN2#123bis, Xiamen 
1. GNSS Duration Report MAC CE will not trigger SR; instead CBRA will be used.

[bookmark: _Toc166205287]The UE shall trigger GNSS measurement reporting every time upon completing GNSS fix operation. 
[bookmark: _Toc166205288]The GNSS Duration Report MAC CE shall not trigger SR; instead CBRA shall be used.
However the current MAC spec state:5.4.10	GNSS validity duration reporting
For a NB-IoT UE, a BL UE or a UE in enhanced coverage in a non-terrestrial network, an indication may be sent by upper layer to report the remaining GNSS measurement validity duration.
If the GNSS validity duration reporting procedure has been triggered and not cancelled:
-	if the MAC entity has UL resources allocated for new transmission for this TTI, and;
-	if the allocated UL resources can accommodate the GNSS Validity Duration Report MAC control element plus its subheader, as a result of logical channel prioritization:
-	instruct the Multiplexing and Assembly procedure to generate the GNSS Validity Duration Report MAC control element as defined in clause 6.1.3.23.
-	else:
-	initiate a Random Access procedure (see clause 5.1).
All triggered GNSS validity duration reports shall be cancelled when a GNSS Validity Duration Report MAC control element is included in a MAC PDU for transmission.


[bookmark: _Toc166205289]If the UE has a grant for new transmission, it will send the GNSS validity duration report MAC CE on that grant. 
[bookmark: _Toc166205290]The current MAC spec does not always trigger CBRA to report the GNSS validity duration. 

[bookmark: _Toc166205295]Correct the MAC procedure to make it clear that a triggered GNSS validity duration report always trigger CBRA in line with the RAN2 agreements. 
[bookmark: _Toc166205296]Consider the MAC text proposal in section 3.1 

2.2	Possible step changes in the UEs timing advance
When the UEs position has changed from the one last GNSS measured position, the Timing Advance (TA) will start drifting and the eNB need to adjust the TA by sending TA command (TAC) MAC CEs to compensate the TA inaccuracy. 
Keeping the TA accurate is important for the eNB to correct decode the UE and for the UE to not create interference to the TTI before or after the UEs transmission. 
When the UE gets a new GNSS position fix, and the new UE position is far from the UE position used in the calculation of the UEs timing advance, the accumulated TA commands due to the erroneous position can be large. If the UE starts using the new UE position in the calculation of the TA pre-compensation, the received TA at the eNB may be far off from the wanted TA. In that case, the eNB can send the reversal of the accumulated TA commands to compensate the step in TA, but this seems unnecessary as the UE knows that has happened and can itself do the compensation. 
This will save the UE and the eNB from potential TA errors outside of the cyclic prefix and will improve the performance without the overhead of sending extra TACs. 
The TA formula is (36.211 clause 8): 

where NTA is the term that the network can adjust with TACs, it is this term the network uses to keep the UE’s TA within bounds.
The UE depends on the accuracy of its estimation of its own position determined by a GNSS measurement when calculating the  term in the TA formula.
There are two main sources of UE transmission timing error contributing to the total transmission timing error:
1. UE position errors: The UE’s movements between updates of the UE’s position information (i.e., new GNSS position fix).
2. Satellite position/common TA errors: The error in the estimation of the serving satellite’s position and the error in the common TA parameters, both caused mainly by the aging of the ephemeris and common TA parameter (i.e., the elapsed time since the associated epoch time).
The network will use NTA to compensate for the errors in UE and satellite’s position.
[bookmark: _Toc163189133][bookmark: _Toc166205291]The network use NTA to compensate for errors due to estimation of UE and satellite’s position/common TA. 

RAN1 has discussed what the UE should do with NTA in the TA formula when it acquires a new (i.e., more accurate) GNSS position fix but they could not come to a decision. Last meeting the conclusions were: 
Conclusion
There is no consensus in RAN1 on alternatives for further enhancements in RAN1 specifications for  calculation-related enhancements after GNSS measurement in RRC connected state in Rel-18 IoT NTN as listed below.
· Alt A: Set  
· Alt B: Set   where  
· Alt C: The UE may consider TAT has expired and shall perform RACH
· Alt D: The UE performs RACH with  if “old position - new position > thr", otherwise UE sets 

Conclusion
There is no consensus in RAN1 on TP in R1-2402993.

Conclusion
There is no consensus in RAN1 on TP in R1-2403282.

The current behaviour after GNSS position fix, see section 2.1 above, is for the UE to either send on an UL grant or perform CBRA – however when the UE does CBRA in connected mode the UE will ignore the received absolute TA command in RAR (see MAC spec section 5.2 when timeAlignmentTimer is running). Therefore, currently the UE will go on using the old NTA after the new GNSS position fix. 
Alt. A will work, but if the eNB has corrected the TA due to other errors (for example, errors in the satellite’s position or common TA), setting NTA to zero will reintroduce a TA error. The same is true for Alt. C and D. 
[bookmark: _Toc163189135][bookmark: _Toc166205292]Setting  after GNSS reacquisition is not optimal as the  value, configured by the network, may compensated for more than the UE position error. 
[bookmark: _Toc166205293]Alt A, C and D do not provide optimal performance. 

Depending on how Alt. C is interpreted, it can further have the drawback that the UE drop the RRC configured uplink resources (PUCCH, SRS, dedicated SR resources, configured downlink assignments and uplink grants) and those will need to be reconfigured after the UE completes CBRA. Therefore, if Alt. C is chosen, we shall only consider the TAT as expired, and not perform the MAC actions for when the TAT of pTAG expires. 
Alt- D further seems to be more complicated to configure the threshold, and it has the same drawback as A and C. 
Regarding Alt. B, RAN1 made a slight error. 
When the UE position is old and eNB has compensated for that error and for other errors E (for example ephemeris or common TA errors, it is this factor that the other methods cannot compensate for after the new measurement) then before the new position is used, we have correct timing as: 

This means that  because then we have: 

Then when UE starts using the new GNSS position, we need: 

and identifying  we get: 

Thus, we have: 

When the UE acquires the new accurate GNSS position, the error caused by the UE movements is removed. Therefore, a suitable treatment of NTA upon GNSS reacquisition is to remove the value corresponding to the eliminated timing error (due to inaccurate UE position) from the NTA: 
NTA = NTA_old - Terror_UE_position
[bookmark: _Toc163189137][bookmark: _Toc166205294]The UE can calculate the timing error due to inaccurate UE position by comparing the values of  based on its previous GNSS position and its new GNSS position after GNSS reacquisition, i.e., .
Clearly, Alt. B will have less timing errors and will use less overhead for compensating timing errors that are not due to errors in the UEs position (that are reintroduced if NTA is reset to zero). 
[bookmark: _Toc163189149][bookmark: _Toc166205297]After a new GNSS position fix, set  where  is the timing error due to inaccurate UE position and is calculated from  based on the previous GNSS position and  based on the new GNSS position. 
[bookmark: _Toc166205298]Consider the MAC text proposal in section 3.2. 

3	Text Proposals
3.1	TP for GNSS validity duration reporting
5.4.10	GNSS validity duration reporting
For a NB-IoT UE, a BL UE or a UE in enhanced coverage in a non-terrestrial network, an indication may be sent by upper layer to report the remaining GNSS measurement validity duration.
If the GNSS validity duration reporting procedure has been triggered and not cancelled:
-	initiate a Random Access procedure (see clause 5.1).
-	if the MAC entity has UL resources allocated for new transmission for this TTI, and;
-	if the allocated UL resources can accommodate the GNSS Validity Duration Report MAC control element plus its subheader, as a result of logical channel prioritization:
-	instruct the Multiplexing and Assembly procedure to generate the GNSS Validity Duration Report MAC control element as defined in clause 6.1.3.23.
-	else:
-	initiate a Random Access procedure (see clause 5.1).
All triggered GNSS validity duration reports shall be cancelled when a GNSS Validity Duration Report MAC control element is included in a MAC PDU for transmission.




3.2	TP for timing advance after GNSS position acquisition

In RRC: 
[bookmark: _Toc162831140]5.5.9	GNSS measurement triggering and reporting
For BL UEs or UEs in CE or NB-IoT UEs that are connected to NTN, GNSS measurement can be triggered aperiodically by the GNSS Measurement Command MAC CE (see TS 36.321 [6]), or triggered by the UE autonomously if enabled by the network, or triggered by the UE using available idle periods.
The UE shall:
1>	if an indication to perform GNSS measurement is received from lower layers:
2>	perform GNSS measurement using the measurement gap with a gap length indicated by lower layers, as specified in TS 36.213 [23];
2>	stop timer T390, if running;
1>	if gnss-AutonomousEnabled is configured:
2>	perform GNSS measurement using an autonomous gap starting from T390 expiry if ul-TransmissionExtensionEnabled is configured, otherwise starting from GNSS validity duration expiry, with a gap length indicated by lower layers or equal to the latest reported time duration required for the UE to acquire a GNSS position if not indicated by lower layers;
NOTE:	UE can also autonomously start GNSS measurements during available idle periods in RRC_CONNECTED to keep GNSS valid, and the exact time of starting GNSS measurements during available idle periods is left to UE implementation.
1>	upon starting GNSS measurement:
2>	stop timer T318, if running;
1>	upon indication that GNSS becomes valid:
2>	instruct lower layers to report the remaining GNSS measurement validity duration (see TS 36.321 [6]) and to set the NTA.
2>	start or restart timer T318, if timer T317 expires during GNSS measurement, or if timer T317 expires before GNSS measurement and timer T318 is stopped upon GNSS measurement;
1>	upon indication that GNSS measurement has failed:
2>	if GNSS position is out-of-date; and
2>	if ul-TransmissionExtensionEnabled is not configured or T390 has expired:
3>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.


In MAC:
5.4.10	GNSS validity duration reporting
For a NB-IoT UE, a BL UE or a UE in enhanced coverage in a non-terrestrial network, an indication may be sent by upper layer to report the remaining GNSS measurement validity duration.
If setting of NTA (see TS 36.211 [7] clause 8) has been indicated from upper layer, for pTAG set  where  is calculated by  based on the previous GNSS position (see TS 36.211 [7] clause 8) and  based on the new GNSS position.
If the GNSS validity duration reporting procedure has been triggered and not cancelled:
-	if the MAC entity has UL resources allocated for new transmission for this TTI, and;
-	if the allocated UL resources can accommodate the GNSS Validity Duration Report MAC control element plus its subheader, as a result of logical channel prioritization:
-	instruct the Multiplexing and Assembly procedure to generate the GNSS Validity Duration Report MAC control element as defined in clause 6.1.3.23.
-	else:
-	initiate a Random Access procedure (see clause 5.1).
All triggered GNSS validity duration reports shall be cancelled when a GNSS Validity Duration Report MAC control element is included in a MAC PDU for transmission.



4	Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following observations: 
Observation 1	The UE shall trigger GNSS measurement reporting every time upon completing GNSS fix operation.
Observation 2	The GNSS Duration Report MAC CE shall not trigger SR; instead CBRA shall be used.
Observation 3	If the UE has a grant for new transmission, it will send the GNSS validity duration report MAC CE on that grant.
Observation 4	The current MAC spec does not always trigger CBRA to report the GNSS validity duration.
Observation 5	The network use NTA to compensate for errors due to estimation of UE and satellite’s position/common TA.
Observation 6	Setting  after GNSS reacquisition is not optimal as the  value, configured by the network, may compensated for more than the UE position error.
Observation 7	Alt A, C and D do not provide optimal performance.
Observation 8	The UE can calculate the timing error due to inaccurate UE position by comparing the values of  based on its previous GNSS position and its new GNSS position after GNSS reacquisition, i.e., .

Based on the discussion in the previous sections we propose the following: 
Proposal 1	Correct the MAC procedure to make it clear that a triggered GNSS validity duration report always trigger CBRA in line with the RAN2 agreements.
Proposal 2	Consider the MAC text proposal in section 3.1
Proposal 3	After a new GNSS position fix, set  where  is the timing error due to inaccurate UE position and is calculated from  based on the previous GNSS position and  based on the new GNSS position.
Proposal 4	Consider the MAC text proposal in section 3.2.

Appendix agreements on GNSS measurement reporting
RAN2 made these agreements about reporting GNSS validity duration after GNSS measurement: 
RAN2#121, Athens:
4. UE reports GNSS validity duration after GNSS measurement. FFS whether the UE reports every time or only if the validity duration changes. FFS if the duration is the remaining validity duration or the whole duration

RAN2#121bis-e, Online: 
Agreements online:
1. For the NB-IoT CP solution, UE will report the GNSS validity duration by using a MAC CE
…
Working Assumption: 
1. GNSS validity duration UE reported after GNSS measurement is the remaining validity duration

RAN2#122, Incheon: 
Agreements:
2. Confirm the working assumption that GNSS validity duration UE reports is the remaining validity duration.
3. The UE triggers GNSS measurement reporting every time upon completing the GNSS fix operation.
…
Working Assumptions:
1. 	An UL MAC CE for GNSS validity duration reporting is used for NB-IoT user plane solution and eMTC UE as well, in addition to previously agreed NB-IoT control plane solution

RAN2#123, Toulouse 
Agreements:
1. An UL MAC CE for GNSS validity duration reporting is used for NB-IoT user plane solution and eMTC UE as well and A new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.
2. RAN2 will wait for more input foRAN1 for the detailed format of UL MAC CE for GNSS validity duration reporting and DL MAC CE for GNSS measurement wait for more input from RAN1.
…
7. UE autonomously trigger GNSS measurement can be configured via RRC dedicated signalling
8. UE can autonomously start GNSS measurement during the inactive state of C-DRX.
9. The exact time of starting GNSS measurement during the inactive state of C-DRX can be left for UE implementation.

Agreements:
1. The priority of GNSS validity duration MAC CE is higher than BSR. The exact priority can be further checked during MAC running CR review.
2. RRC layer needs to send indication to trigger MAC to report the remaining GNSS measurement validity duration. 
3. RRC layer sends such indication to MAC layer upon RRC layer receives indication that GNSS becomes valid.
4. MAC layer should guarantee the reported remaining GNSS measurement validity duration is the latest value.

RAN2#123bis, Xiamen: 
Agreements:
2. GNSS Duration Report MAC CE will not trigger SR; instead CBRA will be used.
3. A reserved LCID will be used for GNSS measurement command MAC CE (in DL).
4. GNSS measurement validity duration report MAC CE priority is in-between TAR MAC CE and BSR MAC CE.

RAN2#125bis, Changsha: 
Agreements:
1. For autonomous GNSS acquisition, if the GNSS measurement fails the UE always moves to RRC Idle upon the end of autonomous GNSS measurement gap, except the measurement is triggered autonomously by the UE during C-DRX inactive time.
2. Follow current specification to decide whether UE can remain in RRC_CONNECTED when the GNSS position becomes outdated in a c-DRX inactive state. (no spec impact)
3. UE shall not report the GNSS validity duration report MAC CE to a serving cell not supporting this feature. The UE identifies when a serving cell does not support this feature (and then the UE shall not send the MAC CE) based on configuration (no spec impact)
4. if UE fails to conduct the GNSS position fix in an aperiodic GNSS measurement gap, the UE can still remain in RRC_CONNECTED until [X + GNSS validity duration] expires.
5. Upon failure of autonomous GNSS acquisition in C-DRX inactive time, after GNSS position is outdated and uplink transmission extension is not active, the UE can still try autonomous GNSS measurement (if configured by the network).
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