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1 Introduction

In Rel-18 WID on IoT NTN enhancements, following is one of the objectives for performance enhancement.
	-
Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]


Following are relevant RAN2 agreements related to GNSS enhancements.

RAN2#121:
Agreements:

1. For UE to report GNSS position fix time duration for measurement during the initial access, at least the following Msg5 message can be used: 


RRCConnectionSetupComplete, RRCConnectionSetupComplete-NB,  


RRCConnectionResumeComplete, RRCConnectionResumeComplete-NB,


FFS for RRCreestablishmentComplete and RRCConnectionReconfigurationComplete.


FS for Msg3

2. FFS whether the UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement

3. The value range {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} introduced in R17 is reused for connected UE GNSS validation duration report, unless modified by RAN1.

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#121bise:

Agreements:

1. There is no need for UE to provide GNSS position fix time duration in Msg3.

2. RLM is suspended during the GNSS measurement gap while the UE is measuring GNSS

Agreements via email – from offline 104 – second round:

1. UE can stay in RRC_CONNECTED state when current GNSS position becomes out-of-date if the UE enters a GNSS measurement gap. FFS whether the new GNSS measurement shall be started before, upon or after the current GNSS validity duration expiry
2. For a UEs that cannot acquire system information and GNSS position at the same time, acquisition of SIB31 may be postponed until GNSS measurement is completed if the UE cannot complete acquisition of SIB31 before the start of GNSS measurement gap
Agreements online:

1. For the NB-IoT CP solution, UE will report the GNSS validity duration by using a MAC CE
2. RAN2 can discuss UE autonomously reacquire GNSS during inactive state of C-DRX based on RAN1’s input in the next RAN2 meeting

Working Assumption: 

1. GNSS validity duration UE reported after GNSS measurement is the remaining validity duration
RAN2#122:
Agreements:

1. Confirm the working assumption that GNSS validity duration UE reports is the remaining validity duration.

2. The UE triggers GNSS measurement reporting every time upon completing the GNSS fix operation.

3. When network triggers GNSS measurement initiation is up to network implementation.

4. Add a note to state some AS operations are suspended when UE is performing GNSS measurement during GNSS measurement gap.

5. GNSS fix time duration should be reported in 1) and 2):


1) RRCConnectionReestablishmentComplete and RRCConnectionReestablishmentComplete-NB 


2) RRCConnectionReconfigurationComplete for HO case 


(FFS whether there are some scenarios where this is not needed or whether there has to be some explicit NW indication to do so)

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
2.
A new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.
Ran2#123:

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.
3. T318 is restarted after GNSS position fix 

4. Capture the following NOTE in Stage 2 (can further fix the wording):


NOTE: The AS operations (e.g. RLM related timers, dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR) are suspended when UE is performing GNSS measurement during GNSS measurement gap.


FFS whether we need to state something about AS resumption
5. UE assumes the GNSS location is valid upon successful GNSS measurement
6. Network enables the reporting of GNSS position fix duration, in SIB2 and in dedicated signalling for the HO case
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.

5. If UE failed to autonomously re-acquire the GNSS position fix and the GNSS position is still valid during the inactive state of C-DRX, UE does not move to RRC_IDLE. There is no specification impact. FFS if we still allow the UE not to move to Idle in case GNSS position is outdated
6. If there is neither network aperiodically trigger nor network configuration of UE autonomously GNSS measurement, UE moves to RRC_IDLE after GNSS becomes invalid. It’s FFS how to decide GNSS valid or invalid considering duration X and Y.
In this contribution, we discuss some remaining open issues related to GNSS operation in connected mode. 
2 Discussion 
2.1 Trigger SR for reporting GNSS validity duration
In the last RAN2 meeting, whether reporting GNSS validity duration can trigger SR was discussed and some companies stated that it was being discussed by RAN1. Based on latest RAN1#114 agreement below, RAN1 was actually discussing UE’s N/MPDCCH monitoring behaviour during GNSS measurement gap, e.g. when CBRA is sent during the gap. 
	Agreement
The UE is not required to monitor N/MPDCCH within the aperiodic GNSS measurement gap, except after a CBRA (PRACH) is sent.

· CBRA (PRACH) can be sent at least to request UL resource to report the remaining GNSS validity duration.

Note1: The CBRA (PRACH) can only be sent within the duration after UE reacquires GNSS successfully to the end of the gap.
Note2: Whether CBRA (PRACH) is sent is up to UE implementation.

Note3: no change to existing CBRA procedures

FFS: whether other RA procedure is needed.


Therefore, the SR triggering issue has not been touched by RAN1 and is still valid for RAN2 to discuss. In our understanding, it is likely that UE completes the GNSS measurement before the end of measurement gap and there is no value for UE to wait until the end of gap to resume UL transmission. As RAN2 has already agreed that every time UE complete GNSS measurement, UE reports remaining GNSS valid duration, we think triggering SR is beneficial for early resumption of data transmission.

Proposal 1 Reporting GNSS validity duration can trigger SR.
2.2 Configuration of GNSS measurement gap and timer
Following are agreed at the RAN1#114.

	Agreement
Network can configure the length for GNSS measurement gap via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] second.

· FFS: other component values

· Note: RAN2 can further discuss whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer, and whether the configuration is by RRC or MAC CE
Agreement
For autonomous GNSS timer, the start time of the autonomous GNSS measurement timer is where the original GNSS validity duration expires, and the duration X (if any) expires.

Note (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.

Agreement
Network can configure the length for GNSS measurement timer via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] second.

· FFS: other component values

· Note: RAN2 can further discuss whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer


Normally, configurations on the gap/timer value are done via RRC. However, these network configurations need to be based on UE-reported GNSS position fix duration, which are sent in Msg5. This means that for NB-IoT CP solution, RRC approach unfortunately might not work as it does not support RRC reconfiguration after Msg5. If we aim at a unified solution to cover both CP solution and UP solution, it seems that MAC CE is the only way to go. As network-triggered GNSS measurement and UE autonomous GNSS measurement are two procedures introduced by RAN1 and network can enable them independently, the configuration of GNSS measurement gap and time might need to be separate.
Proposal 2 GNSS measurement gap/timer are configured via MAC CE, for both CP solution and UP solution.
Proposal 3 GNSS measurement gap and timer are configured separately.
2.3 GNSS Measurement Command MAC CE
In the current MAC running CR, a dedicated LCID has been specified for GNSS Measurement Command MAC CE, however the content of this MAC CE has not been defined yet. Considering proposal 2 above,  there could be two options for the GNSS Measurement Command MAC CE’s content.
· Option 1: an empty MAC CE with zero octet payload.
· Option 2: a MAC CE with a fixed size of a single octet, including a GNSS measurement gap with the length of 4 bits and 4 reserved bits
With option 1, the GNSS Measurement Command MAC CE is used only to trigger GNSS measurement, and this require separate MAC CE for configuring GNSS measurement gap.
With option 2, we don’t need a separate MAC CE for configurating GNSS measurement gap as the gap is always included when network trigger the measurement.

In sumary, option 1 can save signaling overhead as GNSS measurement is likely to be triggered several times, but it requires a new MAC CE for configuring the gap length. Option 2 requires a single MAC CE but it has to include the gap value every time even though it is not changed. RAN2 can discuss and make decision which option to adopt.
Proposal 4 For the content of GNSS Measurement Command MAC CE, RAN2 to discuss following options.
Option 1: an empty MAC CE with zero octet payload.

Option 2: a MAC CE with a fixed size of a single octet, including a GNSS measurement gap with the length of 4 bits and 4 reserved bits
2.4 UE autonomous measurement
In RAN2#123, it is agreed that UE autonomously triggered GNSS measurement can be configured via RRC dedicated signalling. With the new RAN1 agreement of network configuring GNSS measurement timer, this configuration can be considered as the one that enables UE autonomous GNSS measurement. If proposal 2 is agreed, then we don’t think it needs to be configured via RRC dedicated signalling any more.
Proposal 5 If proposal 2 is agreed, previous RAN2 agreement on “UE autonomously triggered GNSS measurement can be configured via RRC dedicated signalling” should be reverted.
3 Conclusion
Based on the discussion in section 2 we have following proposals: 
Proposal 1 Reporting GNSS validity duration can trigger SR.
Proposal 2 GNSS measurement gap/timer are configured via MAC CE, for both CP solution and UP solution.
Proposal 3 GNSS measurement gap and timer are configured separately.
Proposal 4 For the content of GNSS Measurement Command MAC CE, RAN2 to discuss following options.
Option 1: an empty MAC CE with zero octet payload.

Option 2: a MAC CE with a fixed size of a single octet, including a GNSS measurement gap with the length of 4 bits and 4 reserved bits
Proposal 5 If proposal 2 is agreed, previous RAN2 agreement on “UE autonomously triggerred GNSS measurement can be configured via RRC dedicated signalling” should be reverted.
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