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1. [bookmark: _Ref18181]Introduction
In RAN#106e meeting [1], the decent progress has been made on synchronization for IoT-NTN regarding the both IoT specific topic and common part with NR-NTN. 
In this contribution, views on the details to address the remaining issues on the synchronization enhancements for IoT-NTN are elaborated with corresponding analysis.
1. DL synchronization
In RAN1#106e [2], for enabling the cell searching with large frequency offset, following options are discussed:
· New Channel raster with a step size increased to be greater than 100 kHz 
· (part of) ARFCN-indication-in-MIB
The option 1, i.e., increase channel raster, is preferred since it is a straightforward way with robust performance [3]. For option 2, i.e., ARFCN-indication-in-MIB, without correct estimation on the frequency offset, the UE may not be able to detect the MIB for cell access. Thus, multiple hypotheses testing is needed for MIB detection in option 2, which leads to high UE complexity.
Proposal 1: Increasing the channel raster is preferred for DL synchronization. 
1. UL synchronization
2. Discussion on long transmission enhancement
For segmented pre-compensation of long (N)PUSCH and (N)PRACH transmissions, it has been agreed that the UL transmission segment duration is configured by network as a number of repetition units in RAN1#106e [2]. Moreover, for configuration, it has been agreed that the network configures one of K values in a k-bit field. The FFS part is the selection of K candidate values and size of k-bit field.


For addressing the pending part w.r.t candidate values of segment duration, further evaluation is conducted. More specifically, the TA error as , which is , i.e., 2.6us, is assumed for evaluation for NB-IoT [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 value of K candidate values should be shorter than 27.9ms for both NPUSCH and NPRACH. On the other hand, UL gap will be inserted after a period of transmission in traditional NB-IoT, where the period between UL gaps can be set as the maximum segment length or keep the legacy value (e.g., 40 ms) to mitigate the impacts on UE’s implementation. With this consideration, the maximum value of K candidate values 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)



W.r.t to eMTC,  is  and , i.e., 0.78us and 1.56us, for CEmodeA and CEmodeB, respectively, in eMTC [5]. Hence, with consideration of maximum 93us/s TA drift rate in LEO-600, the TA can be through accurate enough when segment length is less than 0.78/93*1000 = 8.39ms for CEmodeA and 1.56/93*1000 = 16.77ms for CEmodeB. Since the period between UL gaps for eMTC when needed is also 256ms, the candidate values for NPUSCH in NB-IoT can be considered also applied for PUSCH in eMTC. For PRACH, the repetition unit is 1ms for format 0, 2ms for format 1 and 2, 3 ms for format 3 when taking guard time into account, which is shorter than 8.39ms for all formats. Since the maximum repetition number is 128, the number of candidate values, i.e., K, should be at least ceil(log2(128/16.77))+1=4 for format 0 in CEmodeB and 5 for format 0 in CEmodeA and other formats in both CEmodeA and CEmodeB. To reduce specification efforts, it is recommended to have a general signaling that k=3 is applied for all preamble formats and the candidate values are chosen as follows:
· K=8 candidate values (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)
For Doppler shift pre-compensation, since the maximum Doppler shift variation is 0.27 ppm/s [4], the length of each segment is at most 0.1/0.27*1000 = 370 ms, which is longer than that for TA pre-compensation. For simplicity of implementation, the segment length for Doppler pre-compensation can be set same as for TA pre-compensation.
Proposal 2: For NB-IoT/eMTC NTN, the network configures one of 8 candidate values for the UL transmission segment duration of NPUSCH/PUSCH in a 3-bit field. The candidate values are:
· 2ms, 4ms, 8ms, 16ms, 32ms, 64ms, 128ms, 256ms
Proposal 3: For NB-IoT NTN, the network configures one of K candidate values for the UL transmission segment duration of NPUSCH/PUSCH in a 3-bit field. The candidate values are:
· Format 0 and format 1: 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=5 candidate values 6*(TCP+TSEQ), 2*6*(TCP+TSEQ), 4*6*(TCP+TSEQ), 8*6*(TCP+TSEQ), 16*6*(TCP+TSEQ)
Proposal 4: For eMTC NTN, the network configures one of 8 candidate values for the UL transmission segment duration of NPUSCH/PUSCH in a 3-bit field. The candidate values are:
· (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)

In RAN1#106e [1], the impact of phase discontinuity on PAPR due to segmented pre-compensation was discussed but no conclusion was achieved since more evaluations are required for justification. 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 1. While for single-tone modulation, the original signal should have constant envelop (PAPR is 0dB) and phase discontinuity has no impact on PAPR in this case. However, in order to suppress out-of-band emission, windowing and filtering are introduced, which result in the growth of PAPR and therefore the need of phase continuity. Moreover, the phase discontinuity due to segmented pre-compensation is caused by the variance of TA. 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 regrowth 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 2. 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 1 PAPR of segmented signal with 12 subcarriers
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	(c) pi/4-QPSK, center subcarrier
	(d) pi/4-QPSK, edge subcarrier


[bookmark: _Ref20576]Figure 2 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.

If segment overlap and phase discontinuity are expected to be mitigated, more frequent new UL gaps can be inserted between segments. In this way, the overlap between segments can be avoided when TA is adjusted. Hence, the phase discontinuity due to UL signal puncturing, which is performed at segment boundary to advance the transmission timing, can also be avoided. 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. However, since the scheduling of UL transmission is generally based on subframe or slot, the length of new UL gap can be set as 1ms or just reuse the legacy gap as 40 ms for simplicity.
Proposal 5: If the phase discontinuity is needed to be handled, introduction of new UL gap is preferred. The length of new UL gap can be set as 1ms or 40 ms as legacy UL gap.
In NB-IoT, there may be collision between NPUSCH and NPRACH resources. In traditional 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 3. 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 6: 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.
2. Discussion on the validity timer for common TA and ephemeris
Similar to NR-NTN, broadcasting of assistance information, e.g., common TA parameters and ephemeris data, is required from BS to enable the UL pre-compensation in IoT-NTN system, e.g., via SIB. To reduce access latency and improve coverage, the SIB carrying assistance information could be broadcast as shown in Figure 4, where SIB is broadcast with a short period while the carried information is updated with a relatively long period so that UE can immediately obtain required information for UL synchronization and improve decoding performance by combining repeated SIBs. The update period of assistance information should be equal to or shorter than the validity duration to avoid incorrect pre-compensation based on outdated information. If the validity duration is long enough, the modification period of SIB can be used as update period of assistance information. Otherwise, fraction of modification period can be used as update period. Moreover, the modification boundary can be applied as the start time of a series of update periods. With this predefined rule, the ambiguity of the activation time of assistance information can be avoided without additional indication when implicit indication of activation time through reference DL slot/subframe is adopted.
[image: valid time]
[bookmark: _Ref18052]Figure 4 Illustration of indication of assistance information
In order to deliver the full set information of validity duration without ambiguity at UE side, the activation time instant and valid time length should be indicated to UE. To save signaling, the activation time instant can be considered indicated in an implicit way by predefined rule. More specifically, the activation time instant is implicitly known as a reference time linked to DL subframe where the initial SIB carrying the assistance information is broadcast as shown in Figure 4. As for validity duration length, it can be broadcast together with the corresponding assistance information. Since the accuracy of validity duration length is not needed to be very accurate, a coarse signaling granularity can be considered to reduce signaling overhead, e.g., a subframe or a SIB period.
Proposal 7: The activation time instant of validity duration for assistance information broadcast by SIB can be implicitly known as a reference time linked to DL subframe where initial SIB carrying the assistance information is broadcast.
Proposal 8: The validity duration length can be indicated along with assistance information broadcast by SIB. A coarse signaling granularity can be applied, e.g., a second.
Proposal 9: A update period of assistance information broadcast by SIB can be configured to UE and should be equal to or shorter than the validity duration.
Meanwhile, based on the indicated valid time, a validity timer should also be defined at UE side for the assistance information to control UE behavior. In RAN1#106e, there are two agreements about validity timers for UL synchronization:
Agreement:
· Satellite ephemeris read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Common TA parameters if indicated and read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)
Agreement:
The validity timer of UL synchronization is configured by the network
· FFS: Whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters
W.r.t UL synchronization, it is not appropriate to define a overall “validity timer for UL synchronization” covering all factors since the synchronization is affected by both the information from BS, i.e., assistance information broadcast in SIB, and the information from UE, i.e., GNSS information, which are hard to update together. However, since common TA and ephemeris are expected to be broadcast in same SIB, one common validity timer for these two types of assistance information could be enough. The validity timer should be started/restarted when a new set of assistance information is activated based on the configured validity duration. When the validity timer is running, UE can apply the ephemeris and common TA without having acquired new assistance information. Upon the expiry of the timer, the synchronization is thought lost. More specifically, since it has already agreed that the both Satellite ephemeris and Common TA parameters should be valid for the duration of sporadic short transmission in RRC_connected, it means that no autonomously UE state update is expected at UE side. 
Proposal 10: A single validity timer should be supported for assistance information broadcast by SIB, and the followings are applied at UE side
· The timer should be started/restarted when the updated assistance information is activated based on configured validity duration. 
Furthermore, based on the previous agreement, it’s preferred to ensure the longer validity duration as much as possible to avoid the potential synchronization loss due to the outdate of assistance information. Then, as the generic solution for both GEO and LEO, it’s recommended that the UE can postpone the access to network if the residual duration of validity timer of current assistance information is shorter than the time duration of following UL transmission until new assistance information is activated.
Proposal 11: If the residual duration of validity timer is shorter than the time duration of following UL transmission, UE will postpone the access to network until new assistance information is activated.
2. Discussion on the GNSS
In RAN1#106e, the majority view is that UE shall autonomously determine how long GNSS position fix is valid. If the UE has fixed position, the GNSS validity duration can be very long and applied for multiple transmissions. In this case, only one GNSS position fix is enough and UE needn’t consider GNSS measurement in following transmissions. However, when a UE is assumed to have velocity of 120km/h, the validity duration may be only few seconds or tens of seconds. In this case, UE may need to obtain a valid GNSS position first before UL transmission.
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. Even if UE does not have a valid GNSS position, in order to save power, a UE should perform GNSS only when needed, i.e., when the UL signal transmission is initiated after waking up as illustrated in Figure 5.
[image: ]
[bookmark: _Ref68105666]Figure 5 Illustration on Time gap for GNSS measurement.
If the UL transmission is triggered by PDCCH, the UE cannot predict when the UL transmission happens before the reception of PDCCH. So the GNSS positioning can only happen after the PDCCH and before the PUSCH, and the additional gap between the PDCCH and possible triggered UL transmission may be needed for synchronization including GNSS measurement. 
If the time interval between two aperiodic UL transmission has a considerable probability to be smaller than the validation time of GNSS positioning, the signalling can be further optimized for power saving. 
Proposal 12: The UE’s behavior for GNSS information acquisition should be explicitly specified at least before initiating UL transmission after the eDRX/PSM.
More specifically, similar as the other assistance information broadcast by SIB, the procedure and impacts due to the updates of GNSS information should also be considered since UL synchronization will be determined by the as shown in Figure 6 by all factors. Therefore, in different scenarios, the validity duration for UL synchronization could be mainly determined by different factors as shown in Table 1. [image: overallvalidity]
[bookmark: _Ref20792]Figure 6 Illustration of synchronization validity with consideration on both assistance information broadcast in SIB and GNSS
[bookmark: _Ref22492][bookmark: _Ref6798]Table 1 Main factors that affect validity duration of UL synchronization
	
	Stationary UE
	120 km/h UE

	LEO
	assistance information broadcast in SIB
	both assistance information broadcast in SIB and GNSS

	GEO
	\
	GNSS


In the cases where residual duration of validity duration for GNSS is shorter than the time duration for UL transmission as shown in Figure 7, the synchronization is lost before finishing the transmission and GNSS information should be updated before following transmission. In RAN1#106e, there is following agreement for the case when GNSS is expired:
Agreement:
For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated.
However, let UE go back to idle mode and re-access the network after obtaining new GNSS could bring high cost due to the RACH procedure and new configuration of RRC parameters. Two methods can be considered to mitigate this problem:
(1) UE is mandated to perform GNSS position fix before entering RRC_CONNECTED mode. With this procedure, the GNSS validity duration can be as long as possible.
(2) UE stays in RRC_CONNECTED mode but suspends the UL transmission when validity duration of GNSS is over. UE will obtain new GNSS information within a time window and then continue the transmission as shown in Figure 8.
In above methods, the first one can avoid the case where GNSS is outdated before the end of transmission in short sporadic transmission scenario. As a result, the cost due to RACH procedure and RRC configuration is saved. Furthermore, reporting of GNSS validity is not needed. On the other hand, the second method can fully utilize the validity duration of GNSS since no position fix will be performed before the expiration of previous GNSS information. Moreover, it could also save the cost of additional RACH procedure since there is no change of communication mode. Therefore, the second option should be supported especially for cases where validity duration of UL synchronization is mainly determined by SIB, i.e., UE with 120 km/h velocity as shown in Table 1.
[image: GNSSvalidityshort]
[bookmark: _Ref25543]Figure 7 Residual GNSS validity is shorter than time duration for UL transmission
[image: noidle]
[bookmark: _Ref6006]Figure 8 Illustration of GNSS update in RRC_CONNECTED mode
Moreover, UE could report the validity duration of GNSS, including the GNSS-fix time instant and validity time length, to achieve consensus with BS. With common understanding on GNSS validity, BS can avoid scheduling UL transmission when GNSS is outdated and therefore save the wasted resources and signaling. If UE can update GNSS information within RRC_CONNECTED mode as illustrated in the second method above, UE should also report time window for GNSS positioning. Then, BS will know when the transmission can be continued after the GNSS expiration. For detailed reporting signaling of validity duration, UE could report the rest validity duration of GNSS validity timer based on the reference time when UE transmitted PRACH preamble since UE and BS could achieve common understanding on the start time without signaling. For reporting of time window for GNSS positioning, UE could only report the length of the time window since the start time can be defined as the expiration time of previous GNSS information.
Proposal 13: A validity timer should be specified for GNSS position fix
· The timer should be started/restarted when a GNSS position fix is performed. 
Proposal 14: Report of GNSS validity duration should be supported to ensure common understanding between BS and UE.
Proposal 15: Report of time length for GNSS positioning should be supported to ensure common understanding between BS and UE when GNSS update in RRC_CONNECTED mode is supported.
In some scenarios, the BS may can determine the ending time of the validity timer without a report of GNSS validity duration. For example, if the gap between GNSS positioning and PRACH Msg1 is ensured to be smaller than a constant, the validity timer length can be set to (valid time C). The timer starts immediately after PRACH Msg1. Then the BS and UE can achieve common understanding without a report of the validity duration. However, when the validity timer length is significantly longer than the periodicity of the incoming UL packet, the UE doesn’t need to perform GNSS positioning before every PRACH Msg1, and the UE needs to report the occurring of the GNSS positioning, as shown in Figure 9. The content of the report may be a boolean value, then the BS can determine that before which packet transmission the validity timer is started.
[image: ]
[bookmark: _Ref4642]Figure 9 An example of the report of assistance information obtaining
Proposal 16: Report of happening of GNSS positioning should be supported to ensure common understanding between BS and UE.
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 DL synchronization. 
Proposal 2: For NB-IoT/eMTC NTN, the network configures one of 8 candidate values for the UL transmission segment duration of NPUSCH/PUSCH in a 3-bit field. The candidate values are:
· 2ms, 4ms, 8ms, 16ms, 32ms, 64ms, 128ms, 256ms
Proposal 3: For NB-IoT NTN, the network configures one of K candidate values for the UL transmission segment duration of NPUSCH/PUSCH in a 3-bit field. The candidate values are:
· Format 0 and format 1: 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=5 candidate values 6*(TCP+TSEQ), 2*6*(TCP+TSEQ), 4*6*(TCP+TSEQ), 8*6*(TCP+TSEQ), 16*6*(TCP+TSEQ)
Proposal 4: For eMTC NTN, the network configures one of 8 candidate values for the UL transmission segment duration of NPUSCH/PUSCH in a 3-bit field. The candidate values are:
· (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)
[bookmark: _GoBack]Proposal 5: If the phase discontinuity is needed to be handled, introduction of new UL gap is preferred. The length of new UL gap can be set as 1ms or 40 ms as legacy UL gap.
Proposal 6: 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 7: The activation time instant of validity duration for assistance information broadcast by SIB can be implicitly known as a reference time linked to DL subframe where initial SIB carrying the assistance information is broadcast.
Proposal 8: The validity duration length can be indicated along with assistance information broadcast by SIB. A coarse signaling granularity can be applied, e.g., a second.
Proposal 9: A update period of assistance information broadcast by SIB can be configured to UE and should be equal to or shorter than the validity duration.
Proposal 10: A single validity timer should be supported for assistance information broadcast by SIB, and the followings are applied at UE side
· The timer should be started/restarted when the updated assistance information is activated based on configured validity duration. 
Proposal 11: If the residual duration of validity timer is shorter than the time duration of following UL transmission, UE will postpone the access to network until new assistance information is activated.
Proposal 12: The UE’s behavior for GNSS information acquisition should be explicitly specified at least before initiating UL transmission after the eDRX/PSM.
Proposal 13: A validity timer should be specified for GNSS position fix
· The timer should be started/restarted when a GNSS position fix is performed. 
Proposal 14: Report of GNSS validity duration should be supported to ensure common understanding between BS and UE.
Proposal 15: Report of time length for GNSS positioning should be supported to ensure common understanding between BS and UE when GNSS update in RRC_CONNECTED mode is supported.
Proposal 16: Report of happening of GNSS positioning should be supported to ensure common understanding between BS and UE.
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