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1. Introduction 
In IoT NTN WID [1], it is assumed that eMTC/NB-IoT UEs supporting the IoT NTN feature will have GNSS capability. However, these UEs may not be able to perform UL/DL operation while obtaining GNSS fix.

NOTE 3: 
GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
RAN2 has also received an LS from CT1 in [2] with the following questions.

· For all satellite access types (LEO, MEO, GEO) where AS timing is updated, what is the worst-case delay in AS for transport of NAS messages via satellite access, including potential delays due to GNSS fix acquisition:

1) For initial NAS messages in the UL direction;

2) For non-initial NAS messages in the UL direction; and

3) For NAS messages in the DL direction.

To save UE power, when in RRC_IDLE, the UE may not be performing GNSS fix frequently. Therefore, adjusting the UL synchronization before initiating random access could take a long time, for example, 10 seconds. This leads to additional delay for the initial NAS message.

However, in this document we focus on paging for MT call in IoT NTN. when the UE receives paging for a MT call, performing GNSS fix adds additional delay in responding to a page and may lead to network assuming UE is unreachable. We provide details on how to address this issue.
2. Discussion 

Due to excessive power consumption and, possibly, interruption to communication with eNB, UE cannot perform GNSS fix frequently. When in RRC_IDLE, the UE may not need to update GNSS data as the UE is only monitoring paging channel (i.e., no UL transmissions). 
However, for some enhancements like location-based relaxed monitoring or measurements or cell reselection, the UE may need to update its location even in RRC_IDLE. Even if such enhancements are supported by the UEs, it should be possible for the UE to update its GNSS data infrequently in RRC_IDLE. Once the UE has acquired its own location (e.g., via a GNSS fix), the UE should be able to assume that the GNSS data remains valid for a certain period. 

When it is time to acquire the necessary uplink synchronization, i.e., responding to a paging for MT call, fixing its location (i.e., obtaining new GNSS data) and satellite’s location (e.g., by reading a relevant SIB) could take long time. For example, if the UE is to perform cold start to fix GNSS, it might take more than 10 seconds.

If the page response is delayed by more than 10 seconds, it may have other consequences, such as 
(1) Possible impact on NAS timers. If the lower layers delay in transmitting the service request, NAS timers may expire too early.

(2) Unnecessary paging escalation by the network or UE being unreachable for the network.
Avoid unnecessary NAS timer expiry

A potential solution to reduce the possible impact on NAS timers is to make the NAS layer in the UE aware of any delay incurred by a GNSS fix. If the UE needs to obtain a GNSS location before responding to a page (i.e., before initiating random access from RRC_IDLE), the UE NAS can consider it and, for example, delay to initiate a service request. An indication can be provided from the lower layers to the NAS layer about the changes in the availability of GNSS fix, like the existing indications to NAS about RRC inactive and RRC suspend in 38.331. 
How long would the delay be to fix GNSS can be determined by RAN1. It seems likely to be variable and could vary from zero (GNSS location already available) to maybe 30 seconds (for a cold start for GNSS location).
From RAN2 perspective, it is also possible for RRC to delay indicating the paging arrival to NAS layer and it would be RRC which controls the GNSS fix delay by interacting with GNSS circuitry. However, lower layers may only fix the GNSS when needed, e.g., when random access is to be triggered due to arrival of UL data (i.e., higher layer data from NAS in the first place). Therefore, it is simpler to use the same indication from the lower layers to the NAS layer about the availability of GNSS fix if NAS needs to delay the paging response in the NAS.
Proposal 1 Lower layers provide indication(s) to NAS about the availability of GNSS. NAS delays NAS message until the GNSS fix is available. This applies to both MO and MT (response to paging) scenarios.
Proposal 2 The value range of GNSS location delay can be determined by RAN1.

Avoid unnecessary paging escalation by the CN
A potential solution to this issue is to introduce a UE capability to indicate whether the UE requires additional time to obtain a GNSS location before responding to a page. Such a UE capability can be indicated (e.g., in a NAS Registration Request or in RRC message) in Msg5.
The indication can be stored by the core network. It will be up to network implementation to decide the best paging strategy considering such indication. Therefore, this will have some minor impact to the core network.

Proposal 3 Whether the UE requires a delay between paging reception and paging response in order to obtain a GNSS location is indicated to core network via a UE capability indication. FFS whether this capability is included in RRC capability message or NAS capability message.
As solutions to the issues discussed in this document impact other groups, it is proposed to include the issues and the RAN2 agreements to address the issues in the LS to CT1 and SA2.

Proposal 4 Send LS to other working groups (CT1 and SA2 including RAN3 and RAN1) to inform the issues and RAN2 agreements regarding GNSS fix delay for page response.

3. Conclusion

Following proposals are made.
Proposal 1
Lower layers provide indication(s) to NAS about the availability of GNSS. NAS delays NAS message until the GNSS fix is available. This applies to both MO and MT (response to paging) scenarios.
Proposal 2
The value range of GNSS location delay can be determined by RAN1.
Proposal 3
Whether the UE requires a delay between paging reception and paging response in order to obtain a GNSS location is indicated to core network via a UE capability indication. FFS whether this capability is included in RRC capability message or NAS capability message.
Proposal 4
Send LS to other working groups (CT1 and SA2 including RAN3 and RAN1) to inform the issues and RAN2 agreements regarding GNSS fix delay for page response.
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