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1. [bookmark: _Ref18181]Introduction
In RAN1#104b-e [1], the followings have been agreed on synchronization for IoT-NTN.
Agreement:
· Capture in TR 36.763, moderator’s summary of GNSS Position fix impact on UE power consumption based on Appendix A Section 5.1
· Capture in TR 36.763, individual companies battery life analysis in Appendix A
Agreement:
UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N
Agreement:
UE pre-compensation done per N time units for long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N
Agreement:
For DL synchronization in the Rel-17 timeframe, the following should be considered
· New Channel raster with a step size increased to be greater than 100 kHz 
· (part of) ARFCN-indication-in-MIB
Agreement:
Capture the following in the TR:
The required power consumption to read SIB containing satellite ephemeris information for the short sporadic connections use case is not significant. 
· Note: For this conclusion, it is assumed that the UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode.
In this contribution, issues for enhancement on time and frequency synchronization are elaborated with corresponding analysis.
1. DL synchronization
As mentioned above, potential enhancement for the DL synchronization can be considered in Rel-17 with following options:
· New Channel raster with a step size increased to be greater than 100 kHz 
· (part of) ARFCN-indication-in-MIB
For IoT over NTN, since the frequency error during initial DL synchronization can be larger than the channel raster by assuming the UE’s oscillator error as 20 ppm and residual Doppler shift as 19.95 ppm (e.g., LEO-600, 1700 km beam diameter for nadir beam). In order to resolve this issue, increasing on the step size of channel raster (e.g., 200 kHz) is preferred.
Under this assumption with increased channel raster size, the performance evaluation on the DL synchronization with assuming the beam-level pre-compensation of the Doppler shift for all scenarios is conducted. As results listed in Table 1, robust DL synchronization performance can be achieved for all target scenarios, except for the case with Set-4 satellite parameters. In this case, the larger Doppler shift and lower CNR of -13.95 dB degrade the synchronization performance. Thus, potential optimization on the scenario of Set-4 satellite parameter should be further considered including implementation of DL pre-compensation within smaller geographic region instead of beam/cell-level.
[bookmark: _Ref25626]Table 1 Simulation results for DL synchronization performance
	Scenarios for all satellite parameters
	Set-1
	Set-2
	Set-3
	Set-4

	SNR (dB)
	-2.02
	-8.73
	-7.08
	-13.95

	Residual Doppler shift
	-1.151kHz
	-2.255kHz
	-6.636kHz
	-39.90kHz

	Timing offset
	20.547us
	21.094us
	19.976us
	19.976us

	Detection probability
	100%
	97.3%
	99.11%
	41.3%

	Synchronization Latency (50th percentile)
	20ms
	190ms
	120ms
	630ms

	Synchronization Latency (90th percentile)
	20ms
	270ms
	210ms
	1290ms

	Synchronization Latency (95th percentile)
	55ms
	305ms
	225ms
	1515ms

	Synchronization Latency (100th percentile)
	250ms
	650ms
	400ms
	1740ms


Observation 1: Increasing the channel raster up to 200 KHz is sufficient to provide robust performance for DL synchronization. 
Proposal 1: Increasing the channel raster should be supported for DL synchronization. 
1. UL synchronization
2. Discussion on the pre-compensation
For long UL transmission, e.g., PRACH or PUSCH, with consideration on the satellite movement (at least), the accumulated error of TA and Doppler will impact the system performance if only the initial pre-compensation value is kept for whole transmission. Therefore, segmented pre-compensation of TA/Doppler for long transmission, i.e., pre-compensation done per N time units for long PUSCH and PRACH, was agreed in RAN1#104b-e [1]. For addressing the pending part w.r.t the length of each segment, further evaluation is conducted. 


More specifically, the TA error as, which is, i.e., 2.6 us, is assumed for NPUSCH evaluation for NB-IoT as listed below:
Table 7.20.2-1: Te Timing Error Limit [3]
	Downlink Bandwidth (MHz)
	Te_

	0.18
	80*TS

	Note 1:	TS is the basic timing unit defined in TS 36.211



Since the maximum TA drift rate including both feeder link and service link is 93 us/s in LEO-600 with 10 degree elevation angle, the accumulated TA error can exceed  within tens of milliseconds as shown in Figure 1, which indicates that the segment for pre-compensation should be shorter than 256 ms. More specifically, the TA can be thought accurate enough when segment length is less than 2.6/93*1000 = 27.9 ms. Since slot is a basic time unit for resource management, it can be used to express segment length. When 3.75 kHz SCS is configured, the length of one slot is 2 ms, i.e., the pre-compensation can be done per 13 slots for long PUSCH. For 15 kHz SCS, the length of one slot is 0.5 ms so the pre-compensation can be done per 54 slots. 
While for PRACH, since slot is no longer the basic unit for transmission, the time length of RA symbol group can be the time unit for pre-compensation. For FDD NB-IoT, the time length of RA symbol group is 1.4 ms for preamble format 0, 1.6 ms for preamble format 1, and 3.2 ms for preamble format 2. That is, the pre-compensation can be done per 19 RA symbol groups for preamble format 0, 17 for format 1, and 8 for format 2. 
In general, the shorter segment for pre-compensation can further reduce the TA and frequency error with relative higher implementation complexity. To achieve tradeoff, 8 slots for 3.75 kHz SCS and 32 slots for 15 kHz SCS can be considered as the period for PUSCH pre-compensation. And 16 RA symbol groups for preamble format 0 and 1 and 8 RA symbol groups for format 2 can be considered as period for NPRACH pre-compensation.
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[bookmark: _Ref31315]Figure 1 Accumulated TA error in long transmission
For Doppler shift, similar conclusion can be obtained as for TA, i.e., segmented pre-compensation of Doppler is applied. The frequency error in connected mode should be smaller than 0.1 ppm. Since the maximum Doppler shift variation is 0.27 ppm/s [2], 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: Segmented pre-compensation for long PUSCH and PRACH should be supported.
Proposal 3: For PUSCH pre-compensation, the length of segment can be considered as 8 slots for 3.75 kHz SCS and 32 slots for 15 kHz SCS.
Proposal 4: For NPRACH pre-compensation, the length of segment can be considered as 16 random access symbol groups for preamble format 0 and 1 and 8 random access symbol groups for preamble format 2.
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[bookmark: _Ref10574]Figure 2 Illustration of segmented pre-compensation
Moreover, in current specification, w.r.t application of one TA, following restrictions are listed:
1. As defined in [4]
For a timing advance command reception ending in DL subframe n, the corresponding adjustment of the uplink transmission timing shall apply from the first available NB-IoT uplink slot following the end of n+12 DL subframe and the first available NB-IoT uplink slot is the first slot of a NPUSCH transmission. When the UE's uplink NPUSCH transmissions in NB-IoT uplink slot n and NB-IoT uplink slot n+1 are overlapped due to the timing adjustment, the UE shall complete transmission of NB-IoT uplink slot n and not transmit the overlapped part of NB-IoT uplink slot n+1.
2. As defined in [3]
When a repetition period is configured on the uplink for which R>1, the UE shall not adjust the uplink transmission timing autonomously during an ongoing repetition period other than at initial transmission as defined above.
According to these description, it can be found the usage of new TA value is only allowed at the beginning of UL transmission. To enable the segmented pre-compensation mechanism with consideration on the simplicity of implementation and testability, the UE’s behaviors on how and when to use the new TA value can be defined with introduce the time range as in Figure 2. In this case, a time range can be configured to UE, which indicates the valid time of one TA. When out of the time range, an updated TA value should be applied for pre-compensation to avoid decoding failure. More specifically, such value can be indicated as N once the time unit is determined as above, e.g., 8 or 16 slot for PUSCH according to the configuration.
Proposal 5: An applicable timing range, e.g., N in terms number of time units, can be indicated to UE to apply each TA value within the UL transmission.
Moreover, in NTN case, to enable the enhancement for time relationship, the reported TA from UE is needed, which can be delivered in RACH procedure or (N)PUSCH transmission. In this case, with consideration on the long UL transmission of channel delivering the TA report, it is not reasonable to report all TA values and either the TA applied to the first or last segment is preferred.
Proposal 6: When TA report is enabled, TA value of first or last segment of transmission delivering the TA report should be considered.
2. Discussion on the GNSS measurement
The UL synchronization in IoT-NTN relies on the pre-compensation of TA and Doppler based on calculation at UE side for service link according to the basic assumption w.r.t the UE’s capability for GNSS. Generally, in this way, an NTN UE at least needs to support the acquisition of its own position and velocity by GNSS before connection to network since GNSS measurement and data reception are not simultaneously performed. 
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. For the periodic UL transmission, the potential conflicts between the occasion for GNSS measurement and data delivering/reception can be avoided by scheduling. However, it is more complex for the aperiodic UL transmission. The distribution of time interval between two aperiodic UL transmissions can be derived based on traffic model. For moving UEs, supposing that the time interval is generally significantly longer than the validation time of GNSS positioning, the UE may be configured to perform GNSS positioning for each UL transmission. 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 3.
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[bookmark: _Ref68105666]Figure 3 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 7: The UE’s behavior for GNSS information acquisition should be explicitly specified at least before initiating UL transmission after the eDRX/PSM.
1. RACH enhancement
The cell in NTN is much larger than the cell in terrestrial network. Because the NPRACH resource is limited, the supported UE density in NTN is reduced. The supported UE density of different NTN scenarios are already estimated in [4] as follows.
Table 2 The supported UE density of different NTN scenario
	
	Coverage (km2)
	Supported UE density 
(single carrier)
	Supported UE density 
(16 carriers)

	GEO
	650000 (hex with r=500km)
	~0.2863 UE/km2
	~4.5803 UE/km2

	
	162500 (hex with r=250km)
	~1.1451 UE/km2
	~18.3212 UE/km2

	LEO
	26000 (hex with r=100km)
	~7.1567 UE/km2
	~114.5 UE/km2

	
	6500 (hex with r=50km)
	~28.63 UE/km2
	~458.03 UE/km2


It can be seen that only with 16 carriers for NPRACH and the smallest beam size, the NTN is able to support the lowest requirement for IoT device density. In all other scenarios, the supported UE density is not enough. The supported UE density can be improved by designing new NPRACH format. A direct method is to use a sequence to form a symbol group, instead of using all 1 in each single-tone OFDM symbol. An example is as follows.
[image: ]
Figure 4 A new NPRACH format to improve supported UE density
Proposal 8: Enhancement on the PRACH format to improve UE density should be considered.
1. Conclusions
In this contribution, detailed analysis on the synchronization related issues for NTN is conducted with following proposals and observations:
Observation 1: Increasing the channel raster up to 200 KHz is sufficient to provide robust performance for DL synchronization. 
Proposal 1: Increasing the channel raster should be supported for DL synchronization. 
Proposal 2: Segmented pre-compensation for long PUSCH and PRACH should be supported.
Proposal 3: For PUSCH pre-compensation, the length of segment can be considered as 8 slots for 3.75 kHz SCS and 32 slots for 15 kHz SCS.
Proposal 4: For NPRACH pre-compensation, the length of segment can be considered as 16 random access symbol groups for preamble format 0 and 1 and 8 random access symbol groups for preamble format 2.
Proposal 5: An applicable timing range, e.g., N in terms number of time units, can be indicated to UE to apply each TA value within the UL transmission.
[bookmark: _GoBack]Proposal 6: When TA report is enabled, TA value of first or last segment of transmission delivering the TA report should be considered.
Proposal 7: The UE’s behavior for GNSS information acquisition should be explicitly specified at least before initiating UL transmission after the eDRX/PSM.
Proposal 8: Enhancement on the PRACH format to improve UE density should be considered.
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