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1. Introduction 
RAN2 has received LS on GNSS validity duration in [1] as follows.

RAN1 has discussed the following aspects and leaves it up to RAN2 to take the following RAN1 agreements into consideration to specify the aspects related to GNSS position validity: 

· 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short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated 

· 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}

· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)

RAN1 respectfully requests RAN2 to prioritize the aspects related to GNSS position validity specification work.
In this document, we provide details to handle the GNSS validity duration.
2. Discussion 

From the LS received from RAN1 in [1], following aspects need to be addressed by RAN2
1. Definition of GNSS validity duration

2. Action up on expiry of the GNSS validity duration.

3. Reporting information associated with the GNSS validity duration

Defining GNSS validity duration
As per RAN1 agreement, a set of values for the GNSS validity duration, i.e., 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} can be defined. When the UE reads new GNSS data and revaluates its position, it can set a GNSS validity timer with a value from the set X.
One important question is whether to introduce a new GNSS validity timer and if introduced, which layer (RRC or MAC) controls the timer. Even when in RRC_IDLE state, the GNSS validity timer can also be useful and, though it is optional, some UEs may want to use it during IDLE mode to detect IDLE mode mobility or TN cell measurements, for example, the UE does not perform repeated higher priority TN cell search when UE knows there is no TN cell coverage where the UE is present.

It may be cleaner to introduce a new GNSS validity timer controlled by RRC layer. For example, one condition to leaving RRC_CONNECTED state could be “when GNSS validity duration expires”. During RRC_IDLE state, the same condition “when GNSS validity duration expires” can be used to determine whether the UE has valid location information.

Controlling the timer by RRC layer will also reduce the specification work regarding all the interaction between RRC and MAC specifications. An example how this can be captured in RRC specification is shown in Annex A.

Note that the UE may choose a different value of GNSS validity timer for current serving satellite vs neighbor satellites or when the UE intends to move to RRC_CONNECTED state vs intends to stay in RRC_IDLE state.

Proposal 1 Introduce a RRC controlled GNSS validity timer. The value of the timer is determined by the UE.

Action up on expiry of the GNSS validity duration.

Another important question is that whether the UE can autonomously move to RRC_IDLE state without receiving a release message from the network if the GNSS validity timer expires. In the case that the network has information on UE’s GNSS validity duration, the network will properly release the UE to RRC_IDLE (i.e., by sending RRC release message) before GNSS validity duration elapses.
However, there may be mismatch between the UE and network or the UE may not receive the RRC release message when the GNSS validity timer expires. It is to note that the expiry of GNSS validity timer does not mean the UE will not be able to receive the downlink message (i.e., it means the UE would not be able to perform uplink transmission). Therefore, the principle of delaying the execution of RRC release message can also be applied to delay to moving the RRC_IDLE upon the expiry of the GNSS validity timer. An example is shown in Annex A.

Proposal 2 Define a delay period for moving to RRC_IDLE upon expiry of the GNSS validity timer if UE did not receive RRC connection release message prior to expiry of the GNSS validity timer.

Reporting information associated with the GNSS validity duration
As per RAN1 agreement, the recommendation is that UE reports information associated with the GNSS validity duration to the network via RRC signalling. It is worth to discuss whether such report is necessary and whether existing mechanism such as AS RAI can be reused.
Since UE autonomously going into IDLE mode has a consequence such as UE and network state mismatch, reporting of some information associated with the GNSS validity duration can be helpful. The value range (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}) defined by RAN1 for the GNSS validity duration has very large granularity and range. In IoT, RRC connections typically last 10s of seconds or minutes, and to support such a large range would require many signalling bits. Therefore, it is not sensible to use same range to report to the network. Since network would also not know the exact GNSS fix time, i.e., GNSS validity timer start time at the UE side, it is also not suitable to report the GNSS validity duration chosen by the UE.

Therefore, we suggest the UE reports the remaining duration of the GNSS validity duration to the network. The range for reporting remaining duration can be defined with more granular values, for example 4 bits range Y as shown in below.

· Y = {500ms, 1s, 2s, 3s, 4s, 5s, 6s, 7s, 8s, 9s, 10s, 15s, 20s, 25s, 30s, 1min}
In this case, the UE will report one of the values from the range Y. For example, say the UE has UL-SCH resource to transmit its UL data. At this time, the UE can evaluate if it can report one of the values from the Y as a remaining time of the GNSS validity duration. The reporting is just a 4 bits code value of the set Y. If the maximum value of the range Y is 1 min, then the threshold to report the information associated with the GNSS validity duration is 1 minute, i.e., only when the remaining time for the GNSS validity timer is less than or equal to 1 min. However, the value range can be further discussed. Note, the key intention of reporting the GNSS validity duration is to allow time for the network to ‘cleanly’ release the RRC connection avoid state mismatch between UE and network.
For this purpose, it is better to repurpose the existing AS RAI MAC CE. The benefit is that this MAC CE can be multiplexed with the UL data in the available UL-SCH resource. The reserve codepoint “11” can used to indicate the remaining duration for GNSS validity. The 4 bit in the “Quality Report” field can be repurposed to send the code point for the remaining duration. As the AS RAI MAC CE is always triggered by the upper layers (i.e., what value of AS RAI to send is not selected by MAC layer), the RRC layer can send the trigger information to the lower layers.
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Figure 6.1.3.19-1: DCQR and AS RAI MAC control element

Table 6.1.3.19-1: Values for AS RAI

	Codepoint/Index
	Value

	00
	No RAI information

	01
	No subsequent DL and UL data transmission is expected

	10
	A single subsequent DL transmission is expected

	11
	Reserved Remaining GNSS Validity Time


Proposal 3 Define a shorter range for the remaining GNSS validity timer report.

Proposal 4 The UE reports the remaining time of the GNSS validity timer using DCQR and AS RAI MAC CE.

Taking into account all the proposals, a draft RRC CR is provided in the Annex A.

Proposal 5 Include the draft CR provided in Annex A in the RRC running CR.

3. Conclusion

Following proposals are made:
Proposal 1
Introduce a RRC controlled GNSS validity timer. The value of the timer is determined by the UE.
Proposal 2
Define a delay period for moving to RRC_IDLE upon expiry of the GNSS validity timer if UE did not receive RRC connection release message prior to expiry of the GNSS validity timer.
Proposal 3
Define a shorter range for the remaining GNSS validity timer report.
Proposal 4
The UE reports the remaining time of the GNSS validity timer using DCQR and AS RAI MAC CE.
Proposal 5
Include the draft CR provided in Annex A in the RRC running CR.


4. Annex A (TS 36.331 CR for GNSS validity timer)

5.3.3.16
Integrity check failure from lower layers while T300 is running

The UE shall:

1>
upon receiving integrity check failure indication from lower layers concerning SRB1 or SRB2 while T300 is running and if the UE is resuming the RRC connection after early security reactivation in accordance with conditions in 5.3.3.18:

2>
discard the stored UE AS context and resumeIdentity;

2>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';

1>
upon receiving integrity check failure indication from lower layers while T300 is running and if the UE is resuming the RRC connection from RRC_INACTIVE:

2>
perform the actions upon leaving RRC_INACTIVE as specified in 5.3.12, with release cause 'RRC Resume failure';

5.3.3.xx 
Maintenance of the GNSS validity timer
The UE shall:

1>
if the UE is establishing or resuming an RRC connection and the GNSS validity timer is not running:

2>
acquire new GNSS data and update the UE position;
2> start the GNSS validity timer.

1>
if the GNSS validity timer expires:

2>
consider the GNSS data not valid;
1>
if the UE is in RRC_CONNECTED:

2> if “RRCConnectionRelease” message has not been received until X seconds from the moment the GNSS validity timer expires:
3> perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.
2> If the UE is configured with the threshold Y time unit to report the information associated with the GNSS validity timer to the network, the UE shall:

3>
if the GNSS validity timer is running and expires in Y time unit or less:

4>
inform the lower layers to trigger the AS RAI MAC CE to report the remaining time of the GNSS validity timer.

The UE may:

1>
if the UE is NOT establishing or resuming an RRC connection and the GNSS validity timer is not running:

2>
acquire new GNSS data and update the UE position;
2> start the GNSS validity timer.

Note: In RRC_IDLE mode, a low mobile UE may disable the GNSS acquisition by setting value of GNSS validity timer to infinity.

<<skipped>>
5.3.8.3
Reception of the RRCConnectionRelease by the UE

The UE shall:

1>
except for NB-IoT, BL UEs or UEs in CE, delay the following actions defined in this subclause 60 ms from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;

1>
for BL UEs or UEs in CE, delay the following actions defined in this subclause 1.25 seconds from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;

1>
for NB-IoT, delay the following actions defined in this subclause 10 seconds from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier.

NOTE 0:
For BL UEs, UEs in CE and NB-IoT, when STATUS reporting, as defined in TS 36.322 [7], has not been triggered and the UE has sent positive HARQ feedback (ACK), as defined in TS 36.321 [6], the lower layers can be considered to have indicated that the receipt of the RRCConnectionRelease message has been successfully acknowledged.

NOTE 1:
For BL UEs, UEs in CE and NB-IoT, when GNSS validity timer has expired, it can be considered that the receipt of the RRCConnectionRelease message has been successfully acknowledged.
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