[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #123bis      	                       R2-2310270
Xiamen, China, 9 - 13 October, 2023

Agenda item:	7.6.2.2
Source:	CMCC
Title:	Discussion on GNSS enhancement for IoT-NTN
WID/SID:	IoT_NTN_enh
Document for:	Discussion and Decision
1	Introduction
In last meeting [1], RAN2 discussed the GNSS enhancements for IoT-NTN and achieved lots of agreements. As indicated by Rapporteur, here are the list of remaining open issues on GNSS enhancements for IoT-NTN.
	36.321 (MAC) CR
· Whether and on which condition GNSS validity duration report MAC CE will trigger RACH
· Exact priority of remaining GNSS measurement validity duration report MAC CE
· Format of UL MAC CE for GNSS validity duration reporting and DL MAC CE for GNSS measurement
· Use of DL LCID for GNSS Measurement Command and UL LCID for GNSS Validity Duration
· Configuring GNSS timers using X and Y introduced by RAN1
· UE behavior corresponding to (i) GNSS measurement start (ii) UL transmission allowed or not after the current GNSS validity duration expiry (iii) SR / RACH trigger upon GNSS measurement complete.
36.331 (RRC) CR
· Condition for entering RRC Idle (i.e., GNSS invalid, considering duration X and Y) 
· How to determine gap length and which spec (PHY/MAC/RRC) to capture
· The start of autonomous gap, e.g., “after X expires on top of GNSS validity duration expiry” or X is included within the GNSS validity duration
· Whether the reference to 5.5.x in RRC running CR needs to be removed


In this contribution, we will discuss the remaining issues on GNSS enhancement for IoT-NTN. 
2 Discussion
2.1 UE autonomously reacquire GNSS during the inactive state of C-DRX
In last meeting, RAN2 agreed that UE can autonomously start GNSS measurement during the inactive state of C-DRX and the exact time of starting GNSS measurement during the inactive state of C-DRX can be left for UE implementation. And RAN2 also agreed that UE triggers GNSS measurement reporting every time upon completing the GNSS fix operation in previous meeting. Therefore, there is another remaining issue with no consensus, i.e. whether the UE immediately initiates validity duration reporting after the completion of GNSS measurement or after entering to active state of C-DRX. 
In our understanding, if the duration of inactive state of C-DRX is not expired, it is unnecessary to immediately initiate validity duration reporting since it will be not aligned with the configured C-DRX configuration. On the other hand, the reported validity duration is remaining value, so it is fully feasible to report new validity duration after the UE enters to active state of C-DRX. 
Proposal 1: The new GNSS validity duration is reported to the network after the UE enters to active state of C-DRX.
Another remaining issue is whether we allow the UE not to move to idle in case GNSS position is outdated. We think this can be solved by network impelemention, e.g. the network guarantees the GNSS position valid during C-DRX inactive state since the C-DRX configuration and GNSS triggering MAC CE are both configured by eNB. When the UE enters to active state, the UE can receive GNSS measurement command MAC CE or perform GNSS measurement autonomously when configured by network based on existing mechanism. In this way, no additional impacts will be introduced.  
Proposal 2: It is up to eNB implementation to guarantee the GNSS position valid during C-DRX inactive state. There is no specification impacts.

2.2 The configuration of GNSS measurement gap
In RAN1#114 meeting, RAN1 agreed to configure GNSS measurement gap via a 4-bit field, and whether the configuration is by RRC or MAC CE is up to RAN2. And it has been agreed that the GNSS measurement gap is configured by eNB, and the gap duration is equal to or larger than the latest UE reported GNSS position fix time duration in previous RAN1 meetings.
	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

	RAN1#112 Agreement
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.

RAN1#112bis-e Agreement
For the GNSS measurement gap aperiodically triggered with MAC CE, the duration for the GNSS measurement gap can be configured by eNB.
· The gap duration is equal to the latest reported GNSS position fix time duration for measurement when the duration for GNSS measurement gap is not included in the configuration by eNB.


RAN2 also agreed that the GNSS position fix time duration can be reported in msg5, i.e. RRCConnectionSetupComplete, RRCConnectionSetupComplete-NB, RRCConnectionResumeComplete, RRCConnectionResumeComplete-NB, RRCConnectionReestablishmentComplete, RRCConnectionReestablishmentComplete-NB and RRCConnectionReconfigurationComplete for HO case. 
If the GNSS measurement gap is configured in RRC signaling, the RRCConnectionReconfiguration should be used. But it is not supported by NB-IoT UEs. Considering to have a unified solution for NB-IoT and eMTC UEs, and anyway the MAC CE triggered GNSS measurement will be sent to the UE, we prefer to configure the GNSS measurement gap in MAC CE (i.e. GNSS Measurement Command MAC CE). 
Proposal 3: The GNSS measurement gap is configured in GNSS Measurement Command MAC CE.
Based on RAN1 agreements, a single octet is enough for GNSS Measurement Command MAC CE, which includes 4 reserved bits and GNSS measurement gap (4 bits) field as follows:
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Proposal 4: The GNSS Measurement Command MAC CE has a fixed size and consists of a single octet defined as follows:
-	R: Reserved bit, set to 0;
-	GNSS Measurement Gap: the field corresponds to the duration for UE performing GNSS measurement.
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2.3 UL transmission after GNSS validity duration expires
During the offline discussion [2] in last meeting, the following options were discussed but has no consensus and companies prefer to wait for more RAN1 agreements.
· Option1: If duration X is provided, the remaining GNSS validity duration of current GNSS position fix can be extended by duration X, e.g., the new remaining GNSS validity duration equals to the original GNSS validity duration plus the duration X. 
· Option2: Even if duration X is provided, the remaining GNSS validity duration keeps unchanged. After GNSS validity duration becomes invalid, UE still can perform UL transmission in the time period of duration X. That also imply that UE doesn’t need to start GNSS measurement till end of duration X. 
RAN1#114 meeting agreed that duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition, and clarify duration X and Y from RAN1 perspective. We understand the UL transmission can be performed based on remaining timeAlignmentTimer (i.e. duration X) or configured value (i.e. value Y) after GNSS validity duration. That is, the GNSS validity duration is not changed. Therefore, we think option 2 is more aligned with RAN1 agreements.
	RAN1#114 Agreement
From RAN1 perspective, down select one for the duration X:
· Alt-3: when timeAlignmentTimer is not infinity, X is equal to remaining timeAlignmentTimer;
when timeAlignmentTimer is infinity, X is equal to Y;
· FFS: whether X can be used to extend the original GNSS validity duration 
· Y is a configured value.
Note 1: The feature can be enabled/disabled by network
Note 2 (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.


Proposal 5: RAN2 confirms the following understanding for UL transmission after GNSS validity duration expires:
- Even if duration X is provided, the remaining GNSS validity duration keeps unchanged. After GNSS validity duration expired, UE still can perform UL transmission in the time period of duration X. That also imply that UE doesn’t need to start GNSS measurement till end of duration X.
- X is equal to remaining timeAlignmentTimer when timeAlignmentTimer is not infinity; X is equal to Y when timeAlignmentTimer is infinity; Y is configured by eNB.
On the other hand, RAN2 should discuss which message can include the value Y. As specified in TS 36.331 [3], timeAlignmentTimer is included in SIB2(-NB) and RRCConnectionReconfiguration(-NB). Similarly, the value Y can also be configured in the same message.
Proposal 6: The value Y can be configured in SIB2(-NB) and RRCConnectionReconfiguration(-NB).
It should be noted that RAN1 indicated the feature can be enabled/disabled by network based on the above agreements (highlighted by yellow), therefore an indication should be introduced to indicate whether the UE is allowed to perform UL transmission after GNSS validity duration expires. We understand that this is related to network capability and there is no need to differentiate it per UE, so an indication in SIB is enough. In 36.331 running CR[4], a field gnss-PositionFixDurationReporting is introduced to indicate the UEs to report GNSS position fix time duration. For UL transmission after GNSS validity duration expires, a similar field can be also introduced in SIB2(-NB).
Proposal 7: A new IE in SIB2(-NB) is introduced to indicate whether the UL transmission after GNSS validity duration expires is allowed.

2.4 Autonomous GNSS measurement
During RAN1 discussion on autonomous GNSS measurement, RAN1#111 agreed when configured by the network (highlighted by yellow), the UE can re-acquire GNSS autonomously if UE does not receive eNB trigger. That is, the network needs to configure/indicate whether the UE is allowed to re-acquire GNSS autonomously. Therefore, an indication should be introduced. Considering this also belongs to network capability, the network can indicate it in SIB message. Similarly to discussion in section 2.3, this indication can be also included in SIB2(-NB).
	RAN1#111 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 


Proposal 8: A new field in SIB2(-NB) is introduced to indicate whether the UE is allowed to re-acquire GNSS autonomously if the UE does not receive the GNSS Measurement Command MAC CE.

3	Conclusion
Here are the observations and proposals for GNSS enhancements for IoT-NTN.
Proposal 1: The new GNSS validity duration is reported to the network after the UE enters to active state of C-DRX.
Proposal 2: It is up to eNB implementation to guarantee the GNSS position valid during C-DRX inactive state. There is no specification impacts.
Proposal 3: The GNSS measurement gap is configured in GNSS Measurement Command MAC CE.
Proposal 4: The GNSS Measurement Command MAC CE has a fixed size and consists of a single octet defined as follows:
-	R: Reserved bit, set to 0;
-	GNSS Measurement Gap: the field corresponds to the duration for UE performing GNSS measurement.
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Proposal 5: RAN2 confirms the following understanding for UL transmission after GNSS validity duration expires:
- Even if duration X is provided, the remaining GNSS validity duration keeps unchanged. After GNSS validity duration expired, UE still can perform UL transmission in the time period of duration X. That also imply that UE doesn’t need to start GNSS measurement till end of duration X.
- X is equal to remaining timeAlignmentTimer when timeAlignmentTimer is not infinity; X is equal to Y when timeAlignmentTimer is infinity; Y is configured by eNB.
Proposal 6: The value Y can be configured in SIB2(-NB) and RRCConnectionReconfiguration(-NB).
Proposal 7: A new IE in SIB2(-NB) is introduced to indicate whether the UL transmission after GNSS validity duration expires is allowed.
Proposal 8: A new field in SIB2(-NB) is introduced to indicate whether the UE is allowed to re-acquire GNSS autonomously if the UE does not receive the GNSS Measurement Command MAC CE.
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