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1. [bookmark: _Ref18181]Introduction
In RAN#106b-e meeting [1], the followings have been agreed on UL synchronization for NTN.
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, views on the details to address the issues on the synchronization enhancements for IoT-NTN are elaborated with corresponding analysis.
1. DL synchronization
In RAN1#106b-e meeting, the following aspects of optional solutions for DL synchronization for IoT NTN were discussed:
· For the new channel raster > 100 kHz, specification is a RAN4 discussion
· For (part of)ARFCN indication in MIB, two spare LSBs needed. RAN4 can discuss potential issue of UE synchronizing to wrong raster with multiple hypothesis testing for demodulation of (N-)PBCH. 
For option 1, i.e., increasing channel raster will be a straightforward solution with less complexity compared with option 2 as shown in Figure 1. Due to the carrier frequency offset is more than half of channel raster, namely, 50kHz for most scenarios, multiple hypothesis testings are needed to perform DL synchronization detection on all potential channel raster including two adjacent DL carriers for option 2. 
More specifically, with consideration of the impact of carrier frequency offset on sampling rate, the detection performance of NPSS and NPBCH will be degraded. And the performance evaluation shown that only the detection with more hypothesis testings by smaller detection steps, i.e., 1ppm can work with the simulation assumptions in Table 1 in Appendix. As shown in Figure 2, robust performance on NPBCH decoding can be achieved when SFO is less than 1ppm. For case with larger SFO, since one MIB transmission is scheduled with a periodicity of 640ms and NPBCH demodulation is vulnerable to the timing drift of 32 us generated by SFO=50 ppm within 640 ms, MIB CRC checking will be failed. Therefore, the NPBCH MIB decoding performance of option 2 can suffer lots of loss or even cannot be achieved if UE synchronized to a wrong DL carrier. The efforts of NBCH decoding is significant.
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[bookmark: _Ref86916643]Figure 1 Detection complexity for option 1 and option 2
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Figure 2 NPBCH Demodulation performance influenced by SFO with multiple hypothesis testings
From above analysis, increasing channel raster is more workable with consideration of implementation complexity, synchronization and demodulation performances.
Proposal 1: Increasing the channel raster is preferred for detection complexity and NPBCH demodulation performance.
1. UL synchronization
2. Discussion on long transmission enhancement
0. Segment duration
For segmented pre-compensation of long PUSCH and PRACH transmissions, the segment duration for eMTC has been discussed and agreed in RAN1#106b-e [2]. However, the segment duration configuration for NPUSCH and NPRACH in NB-IoT over NTN is still pending.


For NB-IoT, the TA error as , which is , i.e., 2.6us, is assumed for evaluation [5]. Since the maximum TA drift rate including both feeder link and service link is 93us/s in LEO-600 with 10 degree elevation angle, the TA can be thought accurate enough when segment length is less than 2.6/93*1000 = 27.9ms. That is, the minimum candidate value of segment length should be shorter than 27.9ms. On the other hand, legacy UL gap will be inserted after a period of transmission in traditional terrestrial NB-IoT, where the period between legacy UL gap can be set as the maximum segment length. With this consideration, the maximum candidate value of segment length for NPUSCH can be set as 256ms, for NPRACH format 0 can be set as 64*4*(TCP+TSEQ)=358.4ms, for NPRACH format 1 can be set as 64*4*(TCP+TSEQ)=409.6ms, for NPRACH format 2 can be set as 16*6*(TCP+TSEQ)=307.2ms. Therefore, by assuming the candidate values are generated by dividing the maximum value by powers of 2, the number of candidate values, i.e., K, should be at least ceil(log2(256/27.9))+1=5 for NPUSCH, ceil(log2(358.4/27.9))+1=5 for NPRACH format 0, ceil(log2(409.6/27.9))+1=5 for NPRACH format 1, and ceil(log2(307.2/27.9))+1=5 for NPRACH format 2. Correspondingly, the size of bit field, i.e., k, should be 3 for all cases. Further, with the consideration that the shortest repetition unit is 1ms for NPUSCH, 4*(TCP+TSEQ)=5.6ms for NPACH format 0, 4*(TCP+TSEQ)=6.4ms for NPACH format 1, 6*(TCP+TSEQ)=19.2ms for NPACH format 2, we can set following candidates for configuration of segment duration for NB-IoT:
· NPUSCH: k=3 bit field, K=8 candidate values 2ms, 4ms, 8ms, 16ms, 32ms, 64ms, 128ms, 256ms  
· Format 0 and format 1: k=3 bit field, K=7 candidate values 4*(TCP+TSEQ), 2*4*(TCP+TSEQ), 4*4*(TCP+TSEQ), 8*4*(TCP+TSEQ), 16*4*(TCP+TSEQ), 32*4*(TCP+TSEQ), 64*4*(TCP+TSEQ)
· Format 2:  k=3 bit field, K=5 candidate values 6*(TCP+TSEQ), 2*6*(TCP+TSEQ), 4*6*(TCP+TSEQ), 8*6*(TCP+TSEQ), 16*6*(TCP+TSEQ)
Proposal 2: For NB-IoT, a 3-bit field is defined to indicate the following K=8 candidate values for UL transmission segment duration of NPUSCH:
· 2ms, 4ms, 8ms, 16ms, 32ms, 64ms, 128ms, 256ms
Proposal 3: For NB-IoT, a 3-bit field is defined to indicate the following K candidate values for UL transmission segment duration of NPRACH:
· Format 0 and format 1, K=7: 4*(TCP+TSEQ), 2*4*(TCP+TSEQ), 4*4*(TCP+TSEQ), 8*4*(TCP+TSEQ), 16*4*(TCP+TSEQ), 32*4*(TCP+TSEQ), 64*4*(TCP+TSEQ)
· Format 2, K=5: 6*(TCP+TSEQ), 2*6*(TCP+TSEQ), 4*6*(TCP+TSEQ), 8*6*(TCP+TSEQ), 16*6*(TCP+TSEQ)
W.r.t to segment duration configuration, SIB broadcast can be applied for signaling indication at least for PRACH in initial access. For PUSCH, the adjustment of segment duration within RRC_CONNECTED mode is not essential since short sporadic transmission is considered in Rel-17. Therefore, it is reasonable to only support indicating segment duration on SIB for both PRACH and PUSCH to simplify the signaling design. Meanwhile, we need to clarify that the according to the intention to segment pre-compensation, the UE need to perform the pre-compensation on the TA and frequency per segment. 
Proposal 4: The updating of TA and frequency used for pre-compensated UL transmission should be supported at UE side per segment if corresponding segment length is configured.
Proposal 5: Configuration of UL transmission segment is indicated only via SIB for both (N)PRACH in initial access and (N)PUSCH in RRC_CONNECTED.
0. New UL gap
Due to segmented pre-compensation, different TA may be applied for adjacent segments and overlap may happen. In order to avoid the interference caused by overlap, following options are considered in RAN1#106b-e [2]:
· Insert more frequent new UL gaps between segments to avoid overlap
· Handle the overlap without new gaps, e.g., drop overlapped samples or delay a few samples
For above two options, option 1 (insert new UL gap) can handle any impact of TA adjustment including the segment overlap and phase discontinuity at segment boundary at the cost lower throughput. Option 2 (drop/delay samples) can avoid throughput loss caused by UL gap. However, higher implementation complexity may be required at UE side since the required samples for dropping is time-variant and phase discontinuity at segment boundary could happen. Then, option 1 is preferred especially with consideration that low complexity is more important than high throughput in IoT scenarios. 

Furthermore, the additional UL gap does not need to be as large as traditional 40 ms UL gap since it is mainly to handle the overlap between segments instead of recovering DL synchronization. The maximum TA variation between adjacent segments is restricted by , which is much shorter than 1 slot. With consideration on the implementation, take the gap as 1 ms is preferred to match the legacy scheduling unit without significant throughput loss.
Proposal 6: For enabling the updates of TA and frequency used for pre-compensated UL transmission, new UL gaps (i.e., 1ms) should be supported between segments to avoid segment overlap and phase discontinuity caused by segmented pre-compensation.
0. Resource collision between NPUSCH and NPRACH
In NB-IoT, there may be collision between NPUSCH and NPRACH resources. In legacy terrestrial NB-IoT, the NPUSCH transmission will be postponed until there is no overlap with NPRACH resources. If segmented pre-compensation is applied and new UL gap is inserted, NPRACH resources may overlap with multiple NPUSCH segments. In this case, the postponement of NPUSCH will be counted in segment duration. Moreover, in order to avoid unnecessary waste of time resources, the portion of postponements of NPUSCH which coincides with a new UL gap (if required) is counted as part of the gap as shown in Figure 1. There is no need to specifically add a UL gap for NPUSCH during the resources occupied by NPRACH.
[image: segmentation_collision3]
[bookmark: _Ref32665]Figure 3 Illustration of overlap between NPUSCH and NPRACH.
Proposal 7: The postponement of NPUSCH due to overlap with NPRACH is counted in segment duration. The portion of postponement which coincides with a UL gap is counted as part of the gap.
0. Phase discontinuity

In RAN1#106b-e, the impact of phase discontinuity due to segmented pre-compensation was discussed but no agreement was achieved. First of all, for multi-tone cases, QPSK is applied for modulation, which introduces inherent phase discontinuity, so that PAPR will not be significantly affected as shown in Figure 2. While for single-tone modulation, the windowing and filtering procedure to suppress out-of-band emission could result in PAPR growth when phase continuity is broken. Note that the phase discontinuity in segmented pre-compensation is mainly due to TA variance between adjacent segments. However, in order to avoid large TA error, the TA variance between adjacent segments is restricted within  as previously discussed. This value is small even when compared with symbol length so that the PAPR growth due to phase discontinuity may not be large. By assuming that the TA drift rate is 100 us/s, which is already larger than the largest TA drift rate in LEO-600 case, the impact of segmented pre-compensation with different assumption of segment length is evaluated with the results shown in Figure 3. It can be found that negligible PAPR increment is introduced with segment and further optimization can be achieved with proper setting on segment length.
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[bookmark: _Ref8743]Figure 4 PAPR of segmented signal with 12 subcarriers
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	(a) pi/2-BPSK, center subcarrier
	(b) pi/2-BPSK, edge subcarrier
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	(c) pi/4-QPSK, center subcarrier
	(d) pi/4-QPSK, edge subcarrier


[bookmark: _Ref20576]Figure 5 PAPR of segmented signal with 1 subcarrier with 100 us/s TA drift rate
Observation 1: The PAPR increment due to phase discontinuity in segmented pre-compensation is acceptable even if no further enhancement is introduced.
Observation 2: Further improvement on the PAPR with proper configuration of segment length can be achieved.
2. Discussion on the validity timer
1. Epoch time indication
To enable accurate common TA derivation and ephemeris propagation without confusion at UE side, the epoch time, i.e., activation time instant, of assistance information should be indicated to UE. Since the assistance information is broadcast in SIB, the epoch time can be linked to SIB boundary, e.g., last DL slot/subframe of SIB, to enable implicit indication, which does not need any additional signaling overhead. When SIB repetition is considered, the epoch time can be linked to the initial transmission of SIB to avoid confusion.
Note that in IoT-NTN, UE is able to distinguish the first transmission and repetition for SIB1, which is different from that in NR-NTN. In LTE, the first transmission of SIB1 is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 0 as specified in 36.331 [3]. Moreover, in NB-IoT, starting frame for the first transmission of the SIB1-NB can be derived from the cell PCID and the number of repetitions within the 2560 ms period and repetitions are made, equally spaced, within the 2560 ms period as shown in Figure 4. That is, UE is able to derive the position of first transmission of SIB1 based on PCID, repetition number, and current SFN no matter which repetition of SIB1 is received. Therefore, even if assistance information is indicated in SIB1 in IoT-NTN, implicit indication of epoch time by linking it with last DL slot/subframe of first transmission of SIB is still feasible. There is no need to explicitly indicate the SFN and subframe index linked with the epoch time to UE.
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[bookmark: _Ref31988]Figure 6 Resource allocation of SIB1-NB
Proposal 8: The epoch time of assistance information is set to be boundary of last DL subframe carrying the first transmission of SIB.
2. Discussion on the GNSS
2. UE behaviour for RRC_IDLE
In the typical IoT case, the UL transmission of a UE mainly consists of periodic and aperiodic UL transmission, e.g., periodic UL report and PUSCH triggered by PDCCH or PRACH. In aperiodic UL transmission, the UE doesn’t know whether a UL transmission is needed after wake up. If a UE does not have a valid GNSS position, in order to save power, the UE should perform GNSS only when needed, i.e., when the UL signal transmission is initiated after waking up as illustrated in Figure 5. In order to ensure UE has valid GNSS information for following UL transmission, the UE should be specified to perform GNSS fix within a time gap before initiating a UL transmission. Otherwise, UE may not acquire GNSS information as BS expected.
[image: ]
[bookmark: _Ref68105666]Figure 7 Illustration on Time gap for GNSS measurement.
Proposal 9: The UE’s behavior for GNSS information acquisition should be explicitly specified at least before initiating UL transmission after the eDRX/PSM.
2. UE behaviour for RRC_CONNECTED
In IoT-NTN, GNSS and IoT modules are not assumed to work simultaneously. Hence, acquiring GNSS information within RRC_CONNECTED mode can be precluded for short sporadic transmission in Rel-17. UE should go back to RRC_IDLE when GNSS information is outdated and declare RLF. Moreover, there is no need to specify certain link recovery mechanism. If UE still have data to transmit after RLF, it can re-access the network following the same procedure as for initial access.
Proposal 10: If GNSS becomes outdated, UE in RRC_CONNECTED declares RLF and move to RRC_IDLE.
Proposal 11: There is no need to specify link recovery mechanism specifically for GNSS expiration.
In RAN1#106b-e, the reporting of GNSS validity duration was also discussed but no agreement was achieved. If BS does not know the validity duration of GNSS, it may schedule UL transmission when GNSS is outdated. This UL transmission will be failed due to synchronization loss, which wastes radio resources. To avoid this case, UE could report the GNSS validity duration to network to achieve consensus with BS. With common understanding on GNSS validity, BS can avoid scheduling UL transmission when GNSS is outdated and save the wasted resources. For detailed reporting signaling of validity duration, UE could report the rest validity duration of GNSS validity timer after the reporting time. In this case, there is no need to indicate detailed start time or end time of GNSS validity duration, which saves signaling.
Proposal 12: Report of GNSS validity duration should be supported to ensure common understanding between BS and UE. The rest validity duration after reporting time is reported.
1. Conclusions
In this contribution, detailed analysis on the synchronization related issues for NTN is conducted with following proposals and observations:
Observation 1: The PAPR increment due to phase discontinuity in segmented pre-compensation is acceptable even if no further enhancement is introduced.
Observation 2: Further improvement on the PAPR with proper configuration of segment length can be achieved.
Proposal 1: Increasing the channel raster is preferred for detection complexity and NPBCH demodulation performance.
Proposal 2: For NB-IoT, a 3-bit field is defined to indicate the following K=8 candidate values for UL transmission segment duration of NPUSCH:
· 2ms, 4ms, 8ms, 16ms, 32ms, 64ms, 128ms, 256ms
Proposal 3: For NB-IoT, a 3-bit field is defined to indicate the following K candidate values for UL transmission segment duration of NPRACH:
· Format 0 and format 1, K=7: 4*(TCP+TSEQ), 2*4*(TCP+TSEQ), 4*4*(TCP+TSEQ), 8*4*(TCP+TSEQ), 16*4*(TCP+TSEQ), 32*4*(TCP+TSEQ), 64*4*(TCP+TSEQ)
· Format 2, K=5: 6*(TCP+TSEQ), 2*6*(TCP+TSEQ), 4*6*(TCP+TSEQ), 8*6*(TCP+TSEQ), 16*6*(TCP+TSEQ)
Proposal 4: The updating of TA and frequency used for pre-compensated UL transmission should be supported at UE side per segment if corresponding segment length is configured.
Proposal 5: Configuration of UL transmission segment is indicated only via SIB for both (N)PRACH in initial access and (N)PUSCH in RRC_CONNECTED
Proposal 6: For enabling the updates of TA and frequency used for pre-compensated UL transmission, new UL gaps (i.e., 1ms) should be supported between segments to avoid segment overlap and phase discontinuity caused by segmented pre-compensation.
Proposal 7: The postponement of NPUSCH due to overlap with NPRACH is counted in segment duration. The portion of postponement which coincides with a UL gap is counted as part of the gap.
Proposal 8: The epoch time of assistance information is set to be boundary of last DL subframe carrying the first transmission of SIB.
Proposal 9: The UE’s behavior for GNSS information acquisition should be explicitly specified at least before initiating UL transmission after the eDRX/PSM.
Proposal 10: If GNSS becomes outdated, UE in RRC_CONNECTED declares RLF and move to RRC_IDLE.
Proposal 11: There is no need to specify link recovery mechanism specifically for GNSS expiration.
Proposal 12: Report of GNSS validity duration should be supported to ensure common understanding between BS and UE. The rest validity duration after reporting time is reported.
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Appendix
[bookmark: _Ref86916503]Table 1 Simulation Parameters for NPBCH Demodulation
	Settings
	S-band

	Carrier Frequency 
	2GHz

	Subcarrier Spacing
	15kHz

	Channel Model
	NTN-TDL-D

	Antenna Configuration
	1T1R for standalone

	Sampling Frequency Offset
	0ppm, 1ppm, 10ppm, 50ppm

	UE speed
	0 km/h

	SNR
	[-10~10]dB
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