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In the RAN#92 plenary meeting, a work item for Rel.17 NBIoT/eMTC support for NTN was approved. One of the objectives is to specify the following enhancements to NBIoT/eMTC on NTN:
· 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

The following agreements on time and frequency synchronization for IoT NTN were achieved:

Agreement:
The validity timer for UL synchronization is started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data).
· FFS: Precise definition of epoch time taking into account SIB repetitions

Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA parameters are signalled in the same SIB message.

Agreement:
Configuration of UL transmission segment is indicated on SIB at least for initial access
· FFS via UE-specific RRC signalling in RRC_CONNECTED.

Agreement:
For eMTC PUSCH, a 3-bit field to indicate K=8 values for the uplink transmission segment duration:
· Full-PRB allocation (unit: subframes): 2 4 8 16 32 64 128 256
· Sub-PRB allocation (unit: resource units): 1 2 4 8 16 32 64 128

Agreement:
For eMTC, a 3-bit field is defined in the SIB to indicate the following K=8 values for the uplink transmission segment duration of PRACH:
· (TCP+TSEQ+TGP), 2*(TCP+TSEQ+TGP), 4*(TCP+TSEQ+TGP), 8*(TCP+TSEQ+TGP), 16*(TCP+TSEQ+TGP), 32*(TCP+TSEQ+TGP), 64*(TCP+TSEQ+TGP), 128*(TCP+TSEQ+TGP)  

Agreement:
For eMTC, the same value is used for segment durations for all PRACH preambles

Agreement:
For NB-IOT, the same value is used for segment durations for all NPRACH preambles for a particular NPRACH format

Agreement:
In eMTC/NB-IoT, NTA update based on TA Command field in msg2 and MAC CE TA command is used for UL timing alignment correction as follows:
· No extension on TAC 11-bit field in Random Access Response 
· When TAC (TA) in Msg2 is received, UE first adjustment and NTA is adjusted as follows: NTA,new = TA 16, where TA is the timing advance command in msg2.
· When TACs ( provided within the MAC CE is received,  is updated as follows: 
·  ,
· Where TA is the TAC field received in MAC CE command.

Agreement:
RAN1 has discussed the following aspects and leaves it up to RAN2 to specify UE behaviour related to expiry of UL synchronization validity timer and determine which of the following aspects are to be specified: 
· Mechanisms for UE to declare loss of UL synchronization including mechanisms for UL synchronization recovery procedure when UL synchronization is lost if UL synchronization validity timer expires in RRC_CONNECTED 
· It is up to RAN2 to specify this new behaviour for connected UE within RLF set of procedures or a new procedure for re-acquiring satellite ephemeris
· Mechanism for UL synchronization includes re-acquiring the satellite ephemeris and common TA parameters if indicated on SIB
· A new clause of RLF for loss of UL synchronization if validity timer for UL synchronization expires assuming a new re-interpretation of RLF set of procedures is specified for recovery of UL synchronization with re-acquisition of satellite ephemeris and common TA parameters if indicated 
· Potential additional RACH after re-acquisition of satellite ephemeris and common TA parameters if indicated for the UL synchronization recovery procedure in case of potential residual TA error.
· If validity timer for UL synchronization expires and no UL synchronization recovery mechanisms specified as above, UE behaviour shall declare RLF and go into idle mode autonomously to re-acquire ephemeris SIB. UE will then need to re-access the cell via Random Access procedure.
· UE signalling to indicate the validity timer for UL synchronization is about to expire

In this contribution, detailed considerations of potential NBIoT/eMTC enhancement for NTN, especially time and frequency synchronization enhancement are presented.

Discussion
The remaining issues for synchronization for IoT NTN are discussed in the following:
GNSS measurement
For idle mode, the following approaches for UE to acquire GNSS position fix for sporadic short transmission were discussed in RAN1-106bis meeting:
A. UE performs GNSS Measurement each time it wakes up from IDLE mode even if the GNSS position fix keeps valid
B. When UE wakes up from IDLE mode, if the GNSS position fix is outdated, or if the GNSS validity duration is valid but the remaining GNSS validity duration is less than a threshold, it performs GNSS Measurements
C. UE shall report GNSS measurement gap at prior occasion such that network can allocate sufficient time between sending a paging messages.
The network can configure existing supervision timers T3413/T3415 large enough to ensure a sufficient gap to accommodate GNSS acquisition after decoding the paging message and before initiating UL transmission. For the three approaches for acquire GNSS position, option A and option B have little impact on the specifications while there is some risk on UE power consumption issue for option A and standard effort of further higher layer configuration on the threshold for option B. The network can optionally configure the above option A and B approaches depending on the higher layer parameter threshold configuration. For option C, the UE GNSS measurement gap reporting needs large standard effort and further UE power consumption, so it is not our preference approaches.
Proposal 1：The network can optionally configure the option A and B for UE to acquire GNSS position fix for sporadic short transmission.
For connect mode, it is straightforward that if GNSS becomes outdated, UE in RRC_CONNECTED declares RLF and move to RRC_IDLE.
Proposal 2: If GNSS becomes outdated, UE in RRC_CONNECTED declares RLF and move to RRC_IDLE.
Long UL transmission on PUSCH and PRACH
In Rel.14, NB-IoT introduced uplink transmission gaps for long uplink (i.e. NB-PUSCH/NB-PRACH) transmissions. During uplink transmission gaps, the UE may switch to the DL and performs time/frequency synchronization. If the timing offset drift is large, for example, the maximum delay drift is ±20 𝜇𝑠/𝑠, the TA drifts up to ±5 𝜇𝑠 from the beginning to the end of X=256ms uplink transmission, which is comparable to the CP length (e.g., 4.7𝜇𝑠). 
It is agreed that UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· Solution A:  configure uplink transmission gap with length of Y after X uplink transmission. X and Y is determined by the time/frequency drift value as shown in Figure 2. The value of X and Y are determined by the satellite moving speed and altitudes.
· Solution B: Drop/Puncture last Y time duration or first Y time duration NPUSCH transmission every X ms time interval for TA adjustment. The puncture period is used for UE TA adjustment based on initial TA and TA drift value.
[image: ]
Figure 2:  Configure uplink transmission gap for UE pre-compensation



Figure 3:  Drop/Puncture uplink transmission for UE pre-compensation

Proposal 3: UE pre-compensation done per N time units with inserting transmission gap or puncturing uplink transmission should be considered in UL transmission in IoT on NTN.

DL synchronization enhancements:
In study item phase, it was discussed that the frequency error in initial access stage may exceed 50 kHz due to crystal error in device, satellite-based Doppler shift in S band. Two solutions were proposed by companies. 
· Solution A: New Channel raster with a step size increased to be greater than 100 kHz 
· Solution B: (part of) ARFCN-indication-in-MIB
Consider the standard effort and potential available bit in MIB indicating the ARFCN, we prefer solution A to investigate the possible increasing channel raster step size by RAN4, e.g., channel raster with step size of 300kHz.
Proposal 4: For DL synchronization enhancement, new channel raster with a step size greater than 100 kHz (e.g., 300kHz) is introduced.

Conclusions
In this contribution, considerations of timing relationship enhancement for IoT NTN are provided. The following proposals are given.
Proposal 1：The network can optionally configure the option A and B for UE to acquire GNSS position fix for sporadic short transmission.
Proposal 2: If GNSS becomes outdated, UE in RRC_CONNECTED declares RLF and move to RRC_IDLE.
Proposal 3: UE pre-compensation done per N time units with inserting transmission gap or puncturing uplink transmission should be considered in UL transmission in IoT on NTN.
Proposal 4: For DL synchronization enhancement, new channel raster with a step size greater than 100 kHz (e.g., 300kHz) is introduced.
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DL TA drifts ~5us from the beginning to the end of the X=256ms uplink transmission
duration, which is comparable to the CP length. Note: assuming drift rate=20us/s
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