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1. Introduction 
Following agreements were made in RAN1#110bis meeting.

Agreement
· Support eNB to at least aperiodically trigger UE to make GNSS measurement.

· If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.

UE reports GNSS position fix time duration for measurement at least during the initial access stage

· which message carries this information is up to RAN2 

· In connected mode, UE may report GNSS validation duration with MAC CE.
Following agreements were made in RAN1#111 meeting.

Agreement
For GNSS measurement in RRC connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
The UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement

· FFS based on configured timing 

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

GNSS validity duration
Currently, when UE’s GNSS validity timer expires, the UE will autonomously go to IDLE mode. Then it will fix the GNSS and if it still has data to transmit, the UE initiate new RRC connection. Since the UE reports GNSS remaining validation duration in Msg5 with large granular values (e.g., 5s, 10s), the network will have just rough idea when the UE went to IDLE mode.
Since this procedure is very inefficient for UEs that need to stay longer in RRC_CONNECTED, we think following can be further discussed in RAN2.

(1) Further granular values of remaining GNSS time reporting from UE

(2) UE behavior during the gap and after expiry of the gap.

(3) UE behavior after successfully fixing the GNSS.

As shown in figure, there is still some inaccuracy between UE and network on the UE’s GNSS validation state.
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Figure 1 Current GNSS fix procedure
GNSS-ValidityDuration information element

-- ASN1START

GNSS-ValidityDuration-r17 ::= ENUMERATED{









s10, s20, s30, s40, s50, s60, min5, min10,









min15, min20, min25, min30, min50, min90, min120, infinity}

-- ASN1STOP

The supported values for remaining validation duration are not in fine granular. For example, the UE can either report 5 minutes or 10 minutes, it cannot for example, report 7 minutes. One simple option is to introduce new IE GNSS-ValidityDurationAdd-r18, whose unit can be same as what is being reported in GNSS-ValidityDuration-r17 (min) + 2(min). The total GNSS remaining validation duration value can be GNSS-ValidityDuration-r17 + GNSS-ValidityDurationAdd-r17, i.e., GNSS-ValidityDuration-r17 (min) + 2(min) or GNSS-ValidityDuration-r17 (s) + 2(s)

-- ASN1START

GNSS-ValidityDurationAdd-r18 ::= INTEGER (1 .. 8)
-- ASN1STOP

Proposal 1 Introduce GNSS-ValidityDurationAdd-r18 such that more granular value of remaining GNSS validity duration can be reported, i.e., GNSS-ValidityDuration-r17 (unit S or min) + GNSS-ValidityDurationAdd-r18 (unit-less).
Handling the GNSS fix gap

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 repurposed 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
However, how to resume the UL/DL communication with the eNB upon fixing the GNSS needs to be specified. For example, some options are below:

1. After GNSS fix gap expire, UE triggers RLF

a. UE may fix GNSS earlier than expected and send UL signal.

b. 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 sends the first UL signal to network, e.g., RACH, SR or BSR etc.

c. In addition, the UE can send new remaining GNSS validation duration in UL message if it is different than the previously reported value.

d. If UE cannot fix GNSS and T3xx expires, the UE triggers RLF.

2. After GNSS fix gap, the UE resume monitoring PDCCH.

a. The UE is not required to monitor PDCCH during gap duration as interruption regardless fixing GNSS earlier than expected.
b. After the gap, the network resumes normal UL/DL operation.

c. After the gap, same GNSS validation duration is used.

d. Unless and until, the UE has pending UL data to transmit, it does not need to send any UL signal, even if UE fixes GNSS earlier.

e. If the UE cannot fix the GNSS during the gap, it triggers RLF.

In our view, both options would work but the option#2 (i.e., resume after GNSS fix gap) would be better for UE power saving as no UL signal is needed to resume the UL/DL activity. A drawback of option#2 would be that the network may delay the scheduling of downlink data until the GNSS fix gap expires.
In our view, it is simple to follow the option #1 with existing procedure for expiry of time alignment timer when the UE autonomously triggers GNSS measurement or network triggers GNSS measurement. The UE assumes the timeAlignmentTimer expired upon triggering the GNSS measurement. Upon completion of the GNSS measurement, the UE can trigger random access and send the C-RNTI MAC CE in Msg3. 
Proposal 2 When GNSS measurement is triggered, the UE considers the timeAlignmentTimer expired and starts a new timer T3xx (T318-like timer).

Proposal 3 When GNSS is fixed, the UE stops timer T3xx and triggers PRACH to synchronize with the network. FFS in msg3, new validation time MAC CE can be sent.
Proposal 4 While the timer T3xx is running, the UE does not monitor PDCCH. Discuss whether to send LS to RAN4 now or later.

Proposal 5 After expiry of T3xx, the UE triggers RRC-Reestablishment procedure.
Currently, the UE can indicate the remaining GNSS validation duration only in Msg5 or handover complete message. In case the UE’s remaining GNSS validation duration is different after the GNSS fix compared to the previous one, the UE should also indicate the new GNSS validation duration to the network. A MAC CE can be used to carry the new remaining GNSS validity duration. 
Proposal 6 After GNSS fix, if the GNSS validity duration changes compared to previous, the UE triggers new remaining GNSS validity duration report.
Should we have UE capability for the time duration UE takes to fix GNSS, e.g., capability to support GNSS measurement gap of 10s vs 20s?
3. Conclusion

Following proposals are made:
Proposal 1
Introduce GNSS-ValidityDurationAdd-r18 such that more granular value of remaining GNSS validity duration can be reported, i.e., GNSS-ValidityDuration-r17 (unit S or min) + GNSS-ValidityDurationAdd-r18 (unit-less).
Proposal 2
When GNSS measurement is triggered, the UE considers the timeAlignmentTimer expired and starts a new timer T3xx (T318-like timer).
Proposal 3
When GNSS is fixed, the UE stops timer T3xx and triggers PRACH to synchronize with the network. FFS in msg3, new validation time MAC CE can be sent.
Proposal 4
While the timer T3xx is running, the UE does not monitor PDCCH. Discuss whether to send LS to RAN4 now or later.
Proposal 5
After expiry of T3xx, the UE triggers RRC-Reestablishment procedure.
Proposal 6
After GNSS fix, if the GNSS validity duration changes compared to previous, the UE triggers new remaining GNSS validity duration report.


3GPP


UE
eNB
Fix GNSS
Set validity duration
GNSS validity duration
Go to connected mode
Indicate remaining GNSS validity duration
UL/DL transmission
GNSS fix needed.
Move to IDLE mode
Assume UE moved to IDLE mode
Remaining GNSS validity duration



eNB





X


Y
Z



W





X
Y



UL
UE
GNSS validity
Start GNSS validity duration
RLF timer (T3xx)
Stop T3xx
Complete GNSS fix
Network trigger
Trigger RACH



