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1. Introduction

In the last RAN#92e meeting, a new WID for NTN-IoT R17 has been agreed. According to the WID the following aspects should be specified within this release [1]. 

Specify the following time and frequency synchronization enhancements, using NR_NTN_solutions WI  agreements as baseline, according to Section 8 in TR 36.763: 

-
UE pre-compensation including ephemeris format (orbital / Position -Velocity)
-
UE pre-compensation for UL synchronization in RRC_IDLE and RRC_CONNECTED states based at least on its GNSS-acquired position and the serving satellite ephemeris 
-
Timing advance formula (granularity of the timing advance may be different)

-
Combination of Open (i.e. UE autonomous TA estimation, and common TA estimation) and Closed TA (i.e., received TA commands) control loops in RRC_CONNECTED state

Agreements on the above are up to the decision in NR_NTN_Solutions WI and will be used for IoT NTN with minimum changes, if any. 
Specify the following time and frequency synchronization enhancements that are not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:

-
Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segments.
-
Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects

-
DL synchronization enhancements: A single solution will be selected between: new channel raster, (part of) ARFCN-indication-in-MIB. 

-
GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission
In this contribution, we share our views on the potential enhancements for uplink time and frequency synchronization. 
2. Discussion

2.1. UL time synchronization
Due to the time limit for NTN-IoT in this release, RAN1 should maximally take advantage of the work having been done in NTN-NR. Regarding UL time synchronization, NTN-NR has made the following agreement: 
Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
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Where:
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  is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 

· FFS: details of NTA update/accumulation.
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  is UE self-estimated TA to pre-compensate for the service link delay.
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 is network-controlled common TA, and may include any timing offset considered necessary by the network.
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 with value of 0 is supported. 

· FFS:  details of signaling including granularity.   
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 is a fixed offset used to calculate the timing advance. 

Note-1: Definition of [image: image13.png]Nta



 is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.

Note-3: [image: image15.png]


 is the common timing offset X as agreed in RAN1 #103-e.

For NTN-IoT, the basic timing advance formula can be reused with a change on the sampling interval Tc being replaced with Ts according to TS 36.211. For each of the components in this formula, the NTA and NTA,offset follow the same definition as TS 36.211. The UE-specific TA (NTA,UE-specific) is calculated by UE itself based on the UE position and the satellite ephemeris. 

For the common TA (NTA,common), it is a TA covering the feeder link RTT. We suggest that the feeder link RTT can be estimated by the UE based on virtual reference point (RP) position. More detailed description of this approach can be found in our contribution [2]. 

Proposal 1: the NTN-NR timing advance formula can be reused with a change of the sampling interval. 

Proposal 2: the common TA can be estimated by the UE based on a virtual reference point position. 

2.2. UL frequency synchronization
For the UL frequency synchronization, NTN-NR has agreed that the Doppler shift over service link shall be pre-compensated by the UE for uplink transmission. While for the Doppler shift over feeder link, it is handled directly by Gateway. Thus, it is transparent to the UE. For NTN-IoT, a same conclusion can be drawn. 

Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.

Conclusion:

The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.

Proposal 3: Doppler shift over service link is pre-compensated by the UE and Doppler shift over feeder link is handled by Gateway. 
2.3. TA updating
In this release, the target service is a sporadic short transmission service. This implies that the UE is not going to stay in connected phase for a long period of time. Neither does the UE have large buffer size, expecting the network to have successive UL scheduling. Bearing this specific service in mind, we believe that the closed-loop TA updating might not be useful. The UE shall be able to track the TA change on its own. 
Proposal 4: for NTN-IoT release 17, open-loop TA updating seems enough. 
2.4. GNSS measurement
	For sporadic short transmission:

-
The idle UE wakes up from idle DRX / PSM, access the network, perform uplink and/or downlink communications for a short duration of time and go back to idle. 

-
Before accessing the network, the UE acquires GNSS position fix and does not need to re-acquire a GNSS position fix for the transmission of the packets.


Details of the duration of the short transmission, acquisition of the GNSS position and validity of the GNSS position can be discussed in normative phase.


With a GNSS position fix that can be assumed to be valid for some period of time X, the following apply for UE in RRC_CONNECTED

-
TA error due to UE velocity satisfies the requirements defined in RAN4 

-
Doppler shift error due to UE velocity satisfies the requirement defined in RAN4 


FFS: Validity of a GNSS position fix and details of acquiring a GNSS position fix, value of X, in RRC CONNECTED mode


From the above description in the TR, we share our view on the GNSS measurement enhancement for NTN-IoT. As the target service is sporadic short transmission, it would be better to clarify whether a UE will immediately go back to idle mode, meaning that C-DRX is not needed. In our understanding, this is the case, the typical use case as pointed by Qualcomm also captured in TR that the UE performs a short transmission once every 8 hours or 24 hours. For this scenario, it is not meaningful to require the UE to stay connected mode. Therefore, RAN1 does not need to consider GNSS measurement for a UE in connected phase. 
Regarding UE in idle phase, and before accessing to the network, the UE may need to perform GNSS measurement before RACH procedure. If the UE shall perform GNSS measurement, the access procedure may be delayed. However, given that the target service in this release is a delay tolerant service, it seems no particular enhancement is needed to ensure the access procedure should satisfy a latency requirement. On the other side, it seems that the UE can make the decision whether a new GNSS measurement should be performed. Thus, the eNB might not need to know at what time the GNSS measurement is to be performed. In this sense, we are questioning if the GNSS validity timer is really needed. Or rather it is up to UE implementation. 

Proposal 5: RAN1 does not consider GNSS measurement for UE in connected mode. 

Proposal 6: the need for a GNSS validity timer shall be justified.  
3. Conclusion

In this contribution, we have discussed some of the topics selected in the new WID for NTN-IoT R17, the following proposals are presented for RAN1 to consider 

Proposal 1: the NTN-NR timing advance formula can be reused with a change of the sampling interval. 

Proposal 2: the common TA can be estimated by the UE based on a virtual reference point position. 

Proposal 3: Doppler shift over service link is pre-compensated by the UE and Doppler shift over feeder link is handled by Gateway. 
Proposal 4: for NTN-IoT release 17, open-loop TA updating seems enough. 
Proposal 5: RAN1 does not consider GNSS measurement for UE in connected mode. 

Proposal 6: the need for a GNSS validity timer shall be justified.  
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