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1. [bookmark: _Toc120549591]Introduction
[bookmark: _Hlk521259925]During RAN#94-e meeting, a new work item is proposed to define further enhancements for IoT NTN, which is revised in RAN#96 meeting [1]. The justification and objectives that the work item focuses on are as follows
	Justification
In Release 17, a work item is carried out to enable NB-IoT and eMTC to support Non-Terrestrial Networks (NTN) under the following assumptions:
· Transparent payload based GEO and NGSO network scenarios addressing at least 3GPP power class 3 UE with GNSS capability in both Earth fixed &/or moving cell configurations.

As part of release 18, a new work item is proposed to define further enhancements for NB-IoT NTN and eMTC NTN in order to:
· Improve mobility aspects
· Improve performance in terms of throughput
· Optimize the GNSS operation with sparse use of GNSS and power efficiency for long-term connection (compared to Rel-17)
· Further enhance support for discontinuous coverage.
NOTE:	It is expected a UE can move while under discontinuous coverage.
Objective
The work item aims to specify further enhancements for E-UTRA (LTE-RAN) based NTN (non-terrestrial networks) according to the following assumptions:
-	GEO and NGSO (LEO and MEO).
-	Earth fixed Tracking area. Earth fixed & Earth moving cells for NGSO
-	FDD mode
-	UEs with GNSS capabilities
The detailed objectives are to specify enhanced NB-IoT NTN and eMTC NTN radio interfaces and E-UTRAN/NG-RAN as follows:
The first objective is that IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.


During last RAN1 meeting, necessity of GNSS position fix in long time and potential GNSS measurement schemes in connected states were discussed, some progress were achieved on GNSS measurement for long connection times in IoT NTN. 
In this contribution, we will discuss and share our views on improved GNSS operations during long connection times for IoT NTN, including GNSS measurement schemes during long connection time and corresponding configurations.
2. Discussion
2.1 GNSS measurement during long connection time
In the RAN1 #109-e meeting, some agreements of GNSS measurement in long connection time are listed as following [2].
	Conclusion
IoT NTN UE may need to re-acquire a valid GNSS position fix in long connection time. 
· FFS: Whether and how to update or reduce the need to update GNSS position fix in long connection time.
Agreement
Closed loop time and frequency correction, with potential enhancements, for IoT-NTN is considered to reduce the need for UE to update GNSS position fix in long connection time.
Agreement
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap
Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.
Agreement
UE reports additional GNSS assistance information and further study the detailed GNSS assistance information, including e.g. GNSS position fix measurement time 
· Note: Since RAN1 agreed that GNSS validity duration is reported by UE in Rel-17, it is already included in GNSS assistance information.
Agreement
Further study on whether there is a need for potential enhancements on the following for long connection time
· UE triggered GNSS measurement.
Network triggered GNSS measurement. 


Considering the assumption that UE calculates timing advance and frequency adjustment based on acquired GNSS position during long transmission in NB-IoT and eMTC, since the GNSS has a limited validity duration, timing advance value calculated based on GNSS position fix may be not available or sufficiently accurate when the GNSS becomes outdated during the long transmission. Thus one key issue is how to ensure the GNSS positioning accuracy in long transmission times. 
It is noted that simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed, to ensure that UE in RRC_connected state will still be able to perform timing and frequency pre-compensation based on accurate GNSS position without impact on NB-IoT/eMTC module, the GNSS measurement gaps during long connection time may be required in case of GNSS expiration, and detailed configuration of GNSS measurement gaps needs to be further studied.
Proposal 1. During long connection times, the GNSS measurement gaps can be applied to update the GNSS position fix in case the GNSS becomes outdated.
If GNSS measurement gap configuration is supported for long transmission, as simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed, a common understanding between UE and eNB that data transmission will automatically skip the GNSS measurement gap should be achieved, which can depend on the eNB’s implementation. That is the UE may autonomously stop NB-IoT/eMTC operation and start the GNSS operations for a new position fix, then switch to NB-IoT/eMTC operation after GNSS measurement being finished, the timeline for this process should be aligned between UE and eNB. 
In our view, the GNSS validity duration is mainly determined by UE according to the mobility and position accuracy requirements, thus the GNSS measurement acquired for a new GNSS position fix can be configured individually per UE level. Besides, to minimize the delay and overhead of UE to perform a new GNSS position fix during long connection times, mechanisms to support UE perform GNSS operation and NTN NB-IoT/eMTC operation on non-overlapping slot/frame need to be further studied.
Proposal 2. If GNSS measurement gap is applied to enable a new GNSS position fix during long connection times, the common understanding between UE and eNB that UE may automatically perform GNSS operation and NTN NB-IoT/eMTC operation on non-overlapping slot/frame should be achieved.
Proposal 3. The GNSS measurement gaps can be configured individually per UE level.
As shown in Figure 1, considering the long transmission, the procedure of GNSS measurement can be first done up to UE’s implementation in the preparation period before NB-IoT/eMTC active duration, and no specification change is needed. 
While during the long connection times, assume that the GNSS measurement gap is supported to enable UE acquire new GNSS position fix when the GNSS position is outdated, to avoid the interference of new GNSS measurement operation to active NB-IoT/eMTC operation, the following configuration can be further studied:
· Option 1. Semi-static indication of GNSS measurement gap period through RRC configuration.
· Option 2. Indicate the GNSS measurement gap by DCI format when UE re-acquires GNSS position fix.
· Option 3. Signal the GNSS measurement gap by MAC CE command.
[image: ]
Figure 1. Illustration of GNSS measurement gaps
For Option 1, it is suggested that the network can semi-statically configure the period of GNSS measurement gaps for each UE, then UE can autonomously switch between GNSS measurement and data transmission for the service link according to the periodic configuration of network. 
Note that the GNSS position fix re-acquirement should be operated as soon as possible when the original GNSS is expired, and at the same time frequent GNSS measurements that increase unnecessary power consumption should be avoided, which requires an appropriate period configuration according to the GNSS validity period. Thus, assist information reported by UE is needed to facilitate network determining the period of GNSS measurement gap. Based on the reporting information, the network determines the time that UE can re-acquire the GNSS for the first time during the long transmission period and the period of the GNSS measurement gap, which will be configured to the UE through RRC signaling. As a result, UE can perform GNSS measurement periodically and automatically switch between GNSS and NB-IoT/eMTC operation.
For Option 2, trigger a new GNSS measurement during long transmission with a DCI format can also work, the scheduling can be more flexible as the GNSS position fix being performed on demand. While considering that UE requiring a new GNSS position fix is usually a low-frequency event, there seems no need to add additional indication field to current DCI format to indicate the GNSS operation.
[bookmark: _GoBack]For Option 3, signaling the GNSS measurement gap by MAC CE command seems also suitable to allow a quick update of GNSS measurement, while the latency and signalling overhead to switch on a new GNSS measurement need further discussions.
Regarding the above configuration of GNSS measurement gap for a new GNSS position fix during long connection times, Option 1 is preferred with the benefit of less signalling overhead. In this case, power consumption to receive additional  signaling can be avoid compared with another two signalling triggered mechanism.
Proposal 4. Considering the schemes on GNSS measurement gap configuration, the following options can be further studied:
· Option 1. Semi-static indication of GNSS measurement gap period through RRC configuration.
· Option 2. Indicate the GNSS measurement gap by DCI format.
· Option 3. Signal the GNSS measurement by MAC CE command.
2.2 GNSS Position fix impact on UE power consumption
To support NB-IoT and eMTC over satellite, the necessary enhancements should focus on coverage, capacity, power consumption and complexity (cost). Considering that GNSS position update may be required for NB-IoT/eMTC during long transmission, the potential impact of GNSS position fix on UE power consumption and complexity/cost should be considered.
For long connection, the power consumption of alternate GNSS measurement and data transmission needs to be evaluated. Besides, one of the main motivation for IoT NTN is investigating power efficient operation in order to support extended battery lifetime. Therefore, mechanism for GNSS position fix updating that can achieve a trade-off between power saving and effective synchronization performance based on GNSS position should be investigated. For example, how to ensure available GNSS position with minimum number of GNSS measurement, and the power consumption of signalling overhead may also need to be evaluated. 
Proposal 5. For long connection, the power consumption of potential mechanisms that enable alternate GNSS measurement and data transmission needs to be evaluated. 
3. Conclusions
In this contribution, we mainly share our views on improved GNSS operations for a new position fix for UE pre-compensation during long connection times. The observations and proposals are summarized as follows:
Proposal 1. During long connection times, the GNSS measurement gaps can be applied to update the GNSS position fix in case the GNSS becomes outdated.
Proposal 2. If GNSS measurement gap is applied to enable a new GNSS position fix during long connection times, the common understanding between UE and eNB that UE may automatically perform GNSS operation and NTN NB-IoT/eMTC operation on non-overlapping slot/frame should be achieved.
Proposal 3. The GNSS measurement gaps can be configured individually per UE level.
Proposal 4. Considering the mechanisms to support UE perform GNSS operation and NTN NB-IoT/eMTC operation on non-overlapping slot/frame, the following configuration can be further studied:
· Option 1. Semi-static indication of GNSS measurement gap period through RRC configuration.
· Option 2. Indicate the GNSS measurement gap by DCI format.
· Option 3. Signal the GNSS measurement by MAC CE command.
Proposal 5. For long connection, the power consumption of potential mechanisms that enable alternate GNSS measurement and data transmission needs to be evaluated. 
4. References
1. [bookmark: _Ref60817485][bookmark: _Ref83712416][bookmark: _Ref71203205][bookmark: _Ref521313643][bookmark: _Ref53511278][bookmark: _Ref30757894][bookmark: _Ref533782101][bookmark: _Ref23496549][bookmark: _Ref86784880][bookmark: _Ref78875676][bookmark: _Ref505807368][bookmark: _Ref505867252][bookmark: _Ref53491160][bookmark: _Ref521162878]RP-221806, Revised WID on IoT NTN enhancements, RAN#96. 
1. Chairman's Notes RAN1#109-e, May 9th – 20th, 2022
- 9/11 -
image1.wmf
GNSS 

operation

Data 

transmission

IoT active

GNSS 

active

GNSS re

-

acquirement

Initial GNSS 

operation

GNSS gap period


