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1. Introduction 
Following agreements were made in RAN2#121 meeting.

· 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

- FFS whether the UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement

- 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.

- 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

Following agreements were made in RAN1#112 meeting.
· The following alternatives can be considered to inform eNB the success of GNSS measurement at UE side after GNSS measurement in RRC connected.

· Alt-1: The UE will report the new GNSS validity duration 

· Alt-2: The reception of any UL transmission from the UE at eNB after the GNSS measurement

· On the length of GNSS measurement gap, which is aperiodically triggered by eNB, the gap duration should be equal to or larger than the latest UE reported GNSS position fix time duration.

· FFS: whether the gap duration is configured by eNB, or the gap duration is equal to the latest reported GNSS position fix time duration.

· On when the GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, RAN1 can down select one of the following alternatives:

· Alt 1: the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot

· FFS: details of X, e.g. predefined value or configured value

· Alt 2: the start time should be based on the current GNSS validity duration with delay or without delay 

 

· UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.

In this document, we provide the details on RAN2 aspects to handle GNSS fix in RRC_CONNECTED.
2. Discussion 

On GNSS measurement trigger, several aspects need to be clarified and several issues still need to be solved.

The first thing to clarify is the default behavior for UEs that support the new feature supporting GNSS fix in connected mode. For such UE, the network has to configure or enabled UE to use this new functionality. If such functionality is not configured, the UE does not trigger GNSS measurement. It will not receive/process the trigger received from the network.

Proposal 1 New GNSS measurement is not triggered if the UE is not configured with autonomous or network trigger-based measurement. 
Proposal 2 If GNSS measurement is not triggered and the current GNSS validity expires, current Rel-17 behavior is baseline, i.e., UE goes to IDLE mode upon GNSS validity expiry, even if UE supports the feature.
Following is an FFS from RAN2#121.
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
If the UE has triggered a new measurement and it is not declared a failure, the UE should continue performing measurement regardless of the expiry of the current GNSS validity duration.

Proposal 3 UE stays in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE is performing the triggered GNSS measurement.
However, if the GNSS fix is considered failure (i.e., GNSS fix duration expired) as well as the current GNSS validity duration expired, then it can be discussed, whether the UE goes to RRC_IDLE or declares RLF.

In this case declaring RLF could be beneficial for the network triggered GNSS measurement expecting that network sent the trigger for UE to remain in the connected mode expecting more UL/DL traffic.

Discuss whether UE goes to RRC_IDLE or declares RLF upon expiry of both GNSS measurement gap (GNSS fix failure) as well as current GNSS validity duration.

The other point to clarify is the RLM monitoring. When GNSS measurement is triggered, UE will not be able to perform any UL and DL transmission. This would mean the UE is tuned away from the unicast channel and it also does not have to monitor the RLM during GNSS measurement. Once GNSS measurement is complete, the UE can resume the RLM.

Proposal 4 The UE suspends RLM and RLF monitoring when new GNSS measurement is triggered.
Details of the solution
For the case of handling the acquisition of SIB31 in RRC_CONNCTED, two new timers i.e., T317 and T318 are introduced. For maintaining validity of ephemeris, the UE starts timer T317 from the epoch time upon acquisition of SIB31. When T317 is expired, the UE starts a guard timer T318 to go to read the SIB31. If the UE is not able to read SIB31 and start T317 before T318 expiry, the UE triggers RLF.

In case of GNSS fix, timer T318 can be re-purposed, or T318-like timer can be introduced. However, the trigger condition to start T318-like timer should be the reception of GNSS fix trigger request from the network. If the UE does not receive such trigger before the GNSS validity duration expires, the UE should also be able to start the T318-like timer. Since the network also has rough idea on when the GNSS validity timer is about to expire, it will have some idea on when UE is likely to start the T318-like timer. Therefore, one option is to define the T318-like timer, i.e., T3xx as shown in figure 2. 
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Figure 2 Example of handling the GNSS fix gap with T318-like timer

The steps can be clarified as follows:
1. Network triggered GNSS measurement.
a. The timer T3xx can be started after receiving the network trigger for GNSS measurement.

b. Upon start of T3xx, the UE considers the timeAlignmentTimer expired and starts GNSS measurement.

c. Upon completing the GNSS fix (i.e., fixes earlier than expected by network), the UE can stop the timer T3xx and start GNSS validation duration. Then the UE initiates random access to network.

d. In addition, the UE can send new remaining GNSS validation duration in UL message to let the network know it is coming from the GNSS fix.

e. If UE cannot fix GNSS during the gap, the UE action can be further discussed. One option is the UE triggers RLF and the option is to move to RRC_IDLE.
Proposal 5 When GNSS measurement is triggered, the UE considers the timeAlignmentTimer expired and starts a new timer T3xx (T318-like timer).

Proposal 6 When GNSS is fixed, the UE stops timer T3xx and triggers PRACH to synchronize with the network.

Proposal 7 While the timer T3xx is running, the UE does not monitor PDCCH. Discuss whether to send LS to RAN4 now or later.

Proposal 8 If T3xx expires and the UE is not able to fix the GNSS, discuss whether the UE triggers RLF or moves to RRC_IDLE.
Currently, the UE can indicate the remaining GNSS validation duration only in Msg5 or handover complete message. Upon completion of the GNSS measurement, the UE can trigger random access and send the C-RNTI MAC CE in Msg3. In addition, the Msg3 can also include the GNSS remaining validity duration MAC CE as per RAN1 agreement. The minimum TBS size for Msg3 is 56 bits and it can easily accommodate two MAC CEs each with TBS size of 2 bytes (i.e., C-RNTI MAC CE + GNSS validity duration MAC CE).

Proposal 9 After GNSS fix, the UE triggers new remaining GNSS validity duration MAC CE report.
Too early trigger of GNSS measurement

Due to misalignment between the timers at the UE and eNB, it may happen that the eNB triggers the UE to perform GNSS reacquisition when the remaining validity duration is large (i.e., the UE has recently acquired GNSS). In this case, the UE does not need to fix the GNSS. A new time threshold, e.g., Y ms can be defined such that the UE and network assumes the UL resource such as SR resource valid for Y ms from the time of GNSS measurement trigger received.

Proposal 10 If the UE receives GNSS measurement trigger too early (i.e., remaining GNSS validity is still large), the UE does not trigger the GNSS measurement, and transmits new remaining GNSS validity duration MAC CE report.
Autonomous GNSS trigger.

The autonomous trigger should be the fallback case if the network trigger-based measurement is not configured but GNSS measurement is enabled by the network. It should also be the fallback case if the UE does not receive the network trigger for measurement and current GNSS validity duration expires.

When current GNSS validity duration expires, the UE starts timer T3xx. Then the UE follows the same steps as that of network triggered GNSS measurement upon starting T3xx described above.

Proposal 11 If autonomous GNSS measurement trigger is configured, the UE triggers GNSS measurement upon expiry of the GNSS validity duration.
Proposal 12 Regardless autonomous GNSS measurement trigger is configured, the UE starts GNSS measurement upon receiving trigger command from the network.
3. Conclusion

Following proposals are made:
Proposal 1
New GNSS measurement is not triggered if the UE is not configured with autonomous or network trigger-based measurement.
Proposal 2
If GNSS measurement is not triggered and the current GNSS validity expires, current Rel-17 behavior is baseline, i.e., UE goes to IDLE mode upon GNSS validity expiry, even if UE supports the feature.
Proposal 3
UE stays in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE is performing the triggered GNSS measurement.
Proposal 4
The UE suspends RLM and RLF monitoring when new GNSS measurement is triggered.
Proposal 5
When GNSS measurement is triggered, the UE considers the timeAlignmentTimer expired and starts a new timer T3xx (T318-like timer).
Proposal 6
When GNSS is fixed, the UE stops timer T3xx and triggers PRACH to synchronize with the network.
Proposal 7
While the timer T3xx is running, the UE does not monitor PDCCH. Discuss whether to send LS to RAN4 now or later.
Proposal 8
If T3xx expires and the UE is not able to fix the GNSS, discuss whether the UE triggers RLF or moves to RRC_IDLE.
Proposal 9
After GNSS fix, the UE triggers new remaining GNSS validity duration MAC CE report.
Proposal 10
If the UE receives GNSS measurement trigger too early (i.e., remaining GNSS validity is still large), the UE does not trigger the GNSS measurement, and transmits new remaining GNSS validity duration MAC CE report.
Proposal 11
If autonomous GNSS measurement trigger is configured, the UE triggers GNSS measurement upon expiry of the GNSS validity duration.
Proposal 12
Regardless autonomous GNSS measurement trigger is configured, the UE starts GNSS measurement upon receiving trigger command from the network.
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