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[bookmark: DocumentFor]Introduction
[bookmark: _Hlk521259925]In RAN1#104-e, agreements were achieved on enhancements to time and frequency synchronization for NB-IoT/eMTC application over NTN [1]:
	Agreement:
Study potential impact of GNSS Position fix on UE power consumption using battery life methodology in Rel-13 TR 45.820 (Section 5.4) 
FFS: Details of the study

Agreement:
Discuss whether GNSS measurement window is needed and beneficial for initial access.

Agreement:
For the study of potential impact of GNSS Position fix on UE power consumption consider at least the following parameters
· GNSS power consumption value
· GNSS position Time To First Fix


Agreement:
Study potential impact of NTN SIB carrying the satellite ephemeris on 
· UE power consumption in NB-IoT and eMTC 
· Accuracy of satellite location tracking
· PRACH congestion

Agreement:
Study the UE pre-compensation of satellite delay during long UL transmission on (N)PUSCH in NB-IoT and eMTC. 

Agreement:
Study the UE pre-compensation of satellite delay and Doppler during long UL transmission on PRACH in NB-IoT and eMTC.

Agreement:
Study the UE pre-compensation of satellite Doppler shift during long UL transmission on (N)PUSCH in NB-IoT and eMTC.


In RAN#91-e, it was encouraged to expedite the progress of the ongoing study on NB-IoT/eMTC support for Non-Terrestrial Networks (NTN) (FS_LTE_NBIOT_eMTC_NTN) in 2021/Q2 in accordance with the Urgent Market Need for 3GPP NTN-IoT standard, with the following proposal [2].
	Proposal:
· The study on IoT over NTN should target the following by RAN#92
· Detailed study of solutions addressing essential functionality for GEO and NGSO scenarios, prioritizing at least the use case of intermittent delay-tolerant small packet transmissions 
· Prioritization of potential enhancements for the functionalities needed specifically for IoT over NTN that cannot be translated from the ongoing NR NTN WI for the considered scenarios and use case(s) in the study
· Recommendations on specification changes needed at least for essential functionality (to be determined by working groups targeting Rel-17), for the considered scenarios and use case(s)  
· Note: Additional enhancements on at least the following can be considered by the working groups as candidates for non-essential functionality in Rel-17.
· HARQ 
· Latency 
· Power consumption 
· Spectral efficiency 
· Coverage 
· Mobility 
· RLF and re-establishment handling 
· Time permitting, at least a high-level description of the potential solutions for enhancements targeting potential optimization of IoT NTN in later releases can be captured in TR 36.763, when feasible.


In this contribution, we will discussion on enhancements to time and frequency synchronization for IoT over NTN, in accordance with the latest proposal in RAN#91-e.
Discussion
[bookmark: _Hlk67990483]Issue#2 - GNSS measurement window
In RAN1#104-e, discussion on GNSS measurement window for initial access was agreed [1]. 
	Agreement:
[bookmark: _Hlk68020867]Discuss whether GNSS measurement window is needed and beneficial for initial access.


The issues arise from the fact that simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. A UE needs to perform GNSS measurement before sending PRACH.
Noted that it was proposed to prioritize the use case of intermittent delay-tolerant small packet transmissions in RAN#91-e [2].
	· The study on IoT over NTN should target the following by RAN#92
· Detailed study of solutions addressing essential functionality for GEO and NGSO scenarios, prioritizing at least the use case of intermittent delay-tolerant small packet transmissions 


For the use case of intermittent delay-tolerant small packet transmissions, both DL/UL synchronizations are required. Nevertheless, a UE may lose DL/UL synchronization whenever it wakes up from long DRX due to the movement of satellite/UE. Thus, the UE may need to finish several procedures of PSS search, SIB read, and GNSS measurement, before it starts to transmit/receive small packet.
Note that DL synchronization can be re-established based on PSS search, and coarse UL synchronization can be re-established based on GNSS measurement and SIB read, e.g., a UE can determine a TA for initial access based on its location (acquired from GNSS measurement), satellite ephemeris and network indicated common TA (obtained from SIB read).
As shown in Figure 1, a UE can first measure GNSS, and then do PSS search, SIB read, and small packet transmission. In fact, all the procedures of GNSS measurement, PSS search and SIB read can be done up to UE’s implementation in the preparation period before DRX active duration, and no specification change is needed.


Figure 1: DRX procedure.
Observation 1: GNSS measurement can be done up to UE’s implementation in the preparation period before DRX active duration, and no specification change is needed.
Proposal 1: There is no need to introduce GNSS measurement window for initial access.
Issue#3 - GNSS Position fix impact on UE power consumption
In RAN1#104-e, study potential impact of GNSS Position fix on UE power consumption was agreed [1]. 
	Agreement:
Study potential impact of GNSS Position fix on UE power consumption using battery life methodology in Rel-13 TR 45.820 (Section 5.4) 
FFS: Details of the study

Agreement:
[bookmark: _Hlk68021405]For the study of potential impact of GNSS Position fix on UE power consumption consider at least the following parameters
· GNSS power consumption value
· GNSS position Time To First Fix


Nevertheless, power consumption was considered as a non-essential functionality in Rel-17 for expedite the progress of IoT NTN SI in RAN#91-e [2].
	· Note: Additional enhancements on at least the following can be considered by the working groups as candidates for non-essential functionality in Rel-17.
· HARQ 
· Latency 
· Power consumption 
· Spectral efficiency 
· Coverage 
· Mobility 
· RLF and re-establishment handling 


Therefore, in accordance with the proposal in RAN#91-e, the study of potential impact of GNSS Position fix on UE power consumption can be de-prioritized.
Proposal 2: The study of potential impact of GNSS Position fix on UE power consumption to be de-prioritized.
Issue#4 - NTN SIB reading impact on UE power consumption
In RAN1#104-e, study potential impact of NTN SIB carrying the satellite ephemeris was agreed [1]. 
	Agreement:
[bookmark: _Hlk68026714][bookmark: _Hlk68030244]Study potential impact of NTN SIB carrying the satellite ephemeris on 
· UE power consumption in NB-IoT and eMTC 
· Accuracy of satellite location tracking
· [bookmark: _Hlk68028955]PRACH congestion


Regarding the first sub-bullet, as power consumption was considered as a non-essential functionality in Rel-17 for expedite the progress of IoT NTN SI in RAN#91-e, thus the study of potential impact of NTN SIB on UE power consumption can be de-prioritized.
Regarding the second sub-bullet, MediaTek’s analysis on satellite position and velocity state vectors based ephemeris format (128 bits or 144 bits) with high periodicity (e.g. 1s or 2s) can be taken as baseline for discussion [3].
Regarding the third sub-bullet, it seems there is no PRACH congestion problem with SIB read. When a UE wakes up from long DRX, it may read SIB first to acquire satellite ephemeris, and then send PRACH. Nevertheless, as DRX is per UE configured, PRACH congestion can be avoid by properly arranging DRX configuration for all UEs.
Proposal 3: The study of potential impact of NTN SIB carrying the satellite ephemeris on UE power consumption to be de-prioritized.
Proposal 4: Regarding accuracy of satellite location tracking, satellite position and velocity state vectors based ephemeris format (128 bits or 144 bits) with high periodicity (e.g. 1s or 2s) can be taken as baseline for discussion.
[bookmark: _Hlk68029916]Proposal 5: There is no PRACH congestion problem with SIB read.
Issue#5 - Long UL transmission on PUSCH
In RAN1#104-e, study UE pre-compensation of satellite delay and doppler shift during long UL transmission on (N)PUSCH were agreed [1]. 
	Agreement:
[bookmark: _Hlk68031836][bookmark: _Hlk68031803]Study the UE pre-compensation of satellite delay during long UL transmission on (N)PUSCH in NB-IoT and eMTC. 

Agreement:
[bookmark: _Hlk68030620]Study the UE pre-compensation of satellite Doppler shift during long UL transmission on (N)PUSCH in NB-IoT and eMTC.


On UE pre-compensation of satellite delay
In our view, UE pre-compensation of satellite delay is equal to UE pre-compensation of TA ().
As discussed in NR NTN (AI 8.4.2), it was proposed that [4]

where:
 and  are defined as in Release-16.
 is UE self-estimated TA.
 is network-controlled common TA, and may include any timing offset considered necessary by the network.

Thus, both UE-specific TA calculation (), which can be calculated based on GNSS-acquired UE position and serving satellite ephemeris, and network indicated common TA () need to be used to pre-compensate satellite delay during long UL transmission on (N)PUSCH in NB-IoT and eMTC.
Proposal 6: Use UE-specific TA calculation (), which can be calculated based on GNSS-acquired UE position and serving satellite ephemeris, and network indicated common TA () for UE pre-compensation of satellite delay during long UL transmission on (N)PUSCH in NB-IoT and eMTC.

On UE pre-compensation of satellite doppler shift
In our view, UE pre-compensation of satellite doppler shift is equal to UE pre-compensation of doppler shift.
Regarding UE pre-compensation of doppler shift, we prefer to support the reference point for frequency synchronization located at the satellite for simplification to avoid additional signaling overhead. In this way, UE is only responsible to compensate the doppler shift on the service link, while gNB manages the other sources of frequency error (e.g. satellite transponder, feeder links).
In line with the above discussion, only the doppler shift on the service link, which can be calculated based on GNSS-acquired UE position and serving satellite ephemeris, needs to be used to pre-compensate satellite doppler shift during long UL transmission on (N)PUSCH in NB-IoT and eMTC.
Proposal 7: Use the doppler shift on the service link, which can be calculated based on GNSS-acquired UE position and serving satellite ephemeris, for UE pre-compensation of satellite doppler shift during long UL transmission on (N)PUSCH in NB-IoT and eMTC.
Issue#5 - Long UL transmission on PRACH
In RAN1#104-e, study UE pre-compensation of satellite delay and doppler shift during long UL transmission on PRACH were agreed [1]. 
	Agreement:
Study the UE pre-compensation of satellite delay and Doppler during long UL transmission on PRACH in NB-IoT and eMTC.


In our view, the similar pre-compensation mechanism of satellite delay and doppler shift for UL transmission on (N)PUSCH can be reused for long UL transmission on PRACH. Therefore,
Proposal 8: Use UE-specific TA calculation (), which can be calculated based on GNSS-acquired UE position and serving satellite ephemeris, and network indicated common TA () for UE pre-compensation of satellite delay during long UL transmission on PRACH in NB-IoT and eMTC.
Proposal 9: Use the doppler shift on the service link, which can be calculated based on GNSS-acquired UE position and serving satellite ephemeris, for UE pre-compensation of satellite doppler shift during long UL transmission on PRACH in NB-IoT and eMTC.
Issue#7 - DL Synchronization
In RAN1#104-e, Moderator suggested for more analysis on PBCH coverage issue [5].
	Moderator recommendation - Section 9.7.2: 
[bookmark: _Hlk68033513][bookmark: _Hlk68033337]Proponents are encouraged to provide more analysis and evaluation to help understanding whether there is an issue with  (N-)PBCH coverage.


Nevertheless, coverage enhancement was considered as a non-essential functionality in Rel-17 for expedite the progress of IoT NTN SI in RAN#91-e [2].
	· Note: Additional enhancements on at least the following can be considered by the working groups as candidates for non-essential functionality in Rel-17.
· HARQ 
· Latency 
· Power consumption 
· Spectral efficiency 
· Coverage 
· Mobility 
· RLF and re-establishment handling 


Therefore, in accordance with the proposal in RAN#91-e, the study of (N-)PBCH coverage enhancement can be de-prioritized.
Proposal 10: The study of (N-)PBCH coverage enhancement to be de-prioritized.
Conclusions
In this contribution, we share our views on related issues on UL time and frequency synchronization enhancements for IoT over NTN. The observations and proposals are summarised as follows:
Observation 1: GNSS measurement can be done up to UE’s implementation in the preparation period before DRX active duration, and no specification change is needed.
Proposal 1: There is no need to introduce GNSS measurement window for initial access.
Proposal 2: The study of potential impact of GNSS Position fix on UE power consumption to be de-prioritized.
Proposal 3: The study of potential impact of NTN SIB carrying the satellite ephemeris on UE power consumption to be de-prioritized.
Proposal 4: Regarding accuracy of satellite location tracking, satellite position and velocity state vectors based ephemeris format (128 bits or 144 bits) with high periodicity (e.g. 1s or 2s) can be taken as baseline for discussion.
Proposal 5: There is no PRACH congestion problem with SIB read.
Proposal 6: Use UE-specific TA calculation (), which can be calculated based on GNSS-acquired UE position and serving satellite ephemeris, and network indicated common TA () for UE pre-compensation of satellite delay during long UL transmission on (N)PUSCH in NB-IoT and eMTC.
Proposal 7: Use the doppler shift on the service link, which can be calculated based on GNSS-acquired UE position and serving satellite ephemeris, for UE pre-compensation of satellite doppler shift during long UL transmission on (N)PUSCH in NB-IoT and eMTC.
Proposal 8: Use UE-specific TA calculation (), which can be calculated based on GNSS-acquired UE position and serving satellite ephemeris, and network indicated common TA () for UE pre-compensation of satellite delay during long UL transmission on PRACH in NB-IoT and eMTC.
Proposal 9: Use the doppler shift on the service link, which can be calculated based on GNSS-acquired UE position and serving satellite ephemeris, for UE pre-compensation of satellite doppler shift during long UL transmission on PRACH in NB-IoT and eMTC.
Proposal 10: The study of (N-)PBCH coverage enhancement to be de-prioritized.
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