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1. Introduction
According to the discussion in previous, agreements on the DL/UL synchronization, PRACH in NTN, have been made as listed in Appendix A.
In this document, a summary of the contributions under AI 7.2.5.3 at RAN1#99 are included with detailed discussion and proposals under corresponding section. Views from each companies are listed in Appendix B.
2. Text proposal to section 6.3 in TR 38.821
Based on the discussion in RAN1#98bis, TPs are expected to be provided by FL(s) to update the corresponding section in existing TR with capturing all agreements in more readable way. The draft version based on previous agreements has been submitted in [R1-1912614], companies are encouraged to check it. Moreover, the agreements (if any) in RAN1#99 will be also captured.
3. PRACH
Based on the agreements in last meeting, more details for each enhancement to PRACH are provided by companies. For example, w.r.t Option-2, two alternatives, e.g., a single PRACH preamble consisting of two-root sequence or multiple preambles transmission from single UE with different roots, are proposed in [ZTE]. And, the details on how to determine the root pairs, e.g., complex conjugated or additional rule, are also highlight by [Ericsson, QC]. 
Additional option based a single Zadoff-Chu sequence combined with PN sequence, e.g., ZC sequence with scrambling in frequency or ZC sequence multiplexed by PN, is proposed by [HW, CATT].
The simulation results for each option are also provided by proponent. For example, results aligned with agreed cases are summarized in Table 1 w.r.t the corresponding SNR point to achieve the 1% miss detection rate. Others results based on company-wise assumption are also provided [Panasonic][MTK][CATT].
[bookmark: _Ref24718446]Table 1 Simulation results for SNR point @ 1% miss detection rate
	Cases
	HW 
	ZTE 
	Ericsson 
	QC  
	Nokia  

	
	option 4 (new)
	option 1
	option 2
	option 2
	option 2
	option 1

	Case 1 
(90 degree)
S-band
	SNR=-9.7, -5.5dB for UE1 and UE2 with FOE<1 PRACH SCS 90%) and TOE<16Ts, respectively.
	SNR=-9.9,-12.8,-14.5,-16.9dB for UE1 for format N1-N4 with FOE<1 PRACH SCS and TOE<PUSCH CP, respectively.
	SNR=-12,-15.8 dB for UE1 for format N5 and N6 with FOE<2KHz and TOE<16Ts for PUSCH
	SNR below -12 dB for weaker UE
	For LEO 600, SNR is below -9dB with FOE<1kHz more than 95% (larger for 99%) and TOE<1us 94 % (larger for 99%)
	SNR=-15.5,-18,-20.4 dB for UE2 for format 0-2 with scaling factor 4, respectively.
SNR=-20.4 dB for UE2 for format 3 with scaling factor 2
SNR=-13.7,-17.3 dB for UE2 for format C2 and C1 with scaling factor 1, respectively.

	Case 1 
(90 degree)
Ka-band
	NaN
	SNR=-9.5,-12.4,-14.3,-16.4dB for UE1 for format N1-N4 with FOE<1 PRACH SCS and TOE<PUSCH CP, respectively. 
	SNR=-12,-15.9 dB for UE1 for format N7 and N8
	SNR=-11 for weaker UE
	For LEO-1200, SNR is  lower than 6.6dB
	AWGN(0km/h):
SNR=-16.2,-18.8,-20.9 dB for UE2 for format 0-2 with scaling factor 7, respectively.
SNR=-21 dB for UE2 for format 3 with scaling factor 5
SNR=-13.9,-17.5 dB for UE2 for format C2 and C1 with scaling factor 4, respectively.
Fading(1000km/h):
SNR=-16,-18.6,-20.8 dB for UE2 for format 0-2 with scaling factor 7, respectively.
SNR=-20.9 dB for UE2 for format 3 with scaling factor 5
SNR=-13.9,-17.5 dB for UE2 for format C2 and C1 with scaling factor 4, respectively.

	Case 2 
(45 degree)
S-band
	SNR=-12, -9dB for UE1 and UE2 respectively.
	SNR=-9.1,-11.7,-13.2,-15.5dB for UE1 for format N1-N4 with FOE<1 PRACH SCS and TOE<PUSCH CP, respectively.
	NaN
	NaN
	For LEO-1200, SNR is within range [-10.9 -7.9] dB.
	SNR=-16,-18.6,-20.9 dB for UE2 for format 0-2 with scaling factor 4, respectively.
SNR=-20.9 dB for UE2 for format 3 with scaling factor 2
SNR=-12.6,-16.4 dB for UE2 for format C2 and C1 with scaling factor 0
SNR=-13.7,-17.4 dB for UE2 for format C2 and C1 with scaling factor 1, respectively.

	Case 2 
(45 degree)
Ka-band
	NaN
	SNR=-8.7,-11.4,-13,-15dB for UE1 for format N1-N4 with FOE<1 PRACH SCS and TOE<PUSCH CP, respectively.
	NaN
	NaN
	NaN
	AWGN(0km/h):
SNR=-16.7,-19.3,-21.5 dB for UE2 for format 0-2 with scaling factor 7, respectively.
SNR=-21.6 dB for UE2 for format 3 with scaling factor 5
SNR=-14.1,-17.7 dB for UE2 for format C2 and C1 with scaling factor 4, respectively.
Fading(1000km/h):
SNR=-13.3,-16.9 dB for UE2 for format C2 and C1 with scaling factor 4, respectively.

	Case 3 
(30 degree)
S-band
	 SNR=-12, -9dB for UE1 and UE2, respectively.
	SNR=-9,-11.9,-13.6,-15.7dB for UE1 for format N1-N4 with FOE<1 PRACH SCS and TOE<PUSCH CP, respectively.
	NaN
	NaN
	NaN
	SNR=-16.4,-18.8,-21.2 dB for UE2 for format 0-2 with scaling factor 4, respectively.
SNR=-21.2 dB for UE2 for format 3 with scaling factor 2
SNR=-13.5,-17.2 dB for UE2 for format C2 and C1 with scaling factor 0, respectively.
SNR=-13.3,-17.5 dB for UE2 for format C2 and C1 with scaling factor 1, respectively.

	Case 3 
(30 degree)
Ka-band
	NaN
	SNR=-8.7,-11.6,-13.1,-15.4dB for UE1 for format N1-N4 with FOE<1 PRACH SCS and TOE<PUSCH CP, respectively.
	NaN
	NaN
	NaN
	AWGN(0km/h):
SNR=-16.9,-19.5,-21.7 dB for UE2 for format 0-2 with scaling factor 7, respectively.
SNR=-21.8 dB for UE2 for format 3 with scaling factor 5
SNR=-14.1,-17.8 dB for UE2 for format C2 and C1 with scaling factor 4, respectively.
Fading(1000km/h):
SNR=-13.4,-16.9 dB for UE2 for format C2 and C1 with scaling factor 4, respectively.


Meanwhile, preference w.r.t the PRACH format and/or preamble sequence enhancement are also mentioned by companies as listed in Table 2. Down selection among these options is highlighted by [Ericsson].
[bookmark: _Ref24718720]Table 2 Preference on candidate options for PRACH format and/or preamble format enhancement
	[bookmark: _Hlk21089115]Solution
	Company view
	Reason

	
	Pro
	Con
	Pro
	Con

	Option-1
(single ZC sequence with larger SCS and repetition)
	ZTE, Nokia, Intel, Panasonic
	Ericsson,
MTK,
Mitsubishi
	Intel: time-frequency ambiguity can be solved by large SCS
ZTE: robust performance can be provided with large SCS and repetition numbers
Panasonic: high commonality and lower receiver complexity
Nokia: large SCS can handle the frequency offset and repetitions can overcome path loss
	Ericsson: time-frequency ambiguity
MTK: Large SCS is not preferred due to the requirement on more frequency resource, which can be alleviated by short sequence (e.g., 139)
Mitsubishi: Concerns on whether  time-frequency ambiguity can be solved

	Option-2
(multiple ZC sequences)
	ZTE,
Intel, Ericsson, QC, Panasonic
	MTK
	Intel: time-frequency ambiguity can be solved by different roots
ZTE: robust performance can be provided proper roots
Panasonic: Middle commonality and receiver complexity with small frequency resource cost
QC: Efficient time-domain only  search to estimate both large time and frequency offsets,  increases the supported beam footprint diameters
	MTK: worse performance than m/Gold sequence

	Option-3
(Gold/m sequence)
	MTK, Intel(only Gold), Nokia
	Ericsson, Intel(only m),
Panasonic
	MTK: Smaller SCS and fixed peak position
Intel(only Gold):good auto-correlation and cross-correlation properties, moderate correlation values in case of frequency shift
Nokia: m sequence show excellent robustness against frequency offset, Gold sequence show good PAPR and CM figures
	Ericsson: Large specification effort and implementation complexity
Intel(only m): Limited number of sequences
Panasonic: Low commonality and high receiver complexity 

	Option-4
(ZC combined with PN sequence)
	HW, CATT, Nokia
	
	HW: robust to large FO
CATT, Nokia: Extend PRACH capacity
	


According to the above analysis, following proposal is made:
Proposal 1: In addition to the Options for PRACH format and/or preamble sequence enhancement agreed in RAN1#98bis, following option is also considered:
· Option-4: A single Zadoff-Chu sequence with combination of scrambling sequence
Moreover, w.r.t the recommendation on the enhancement for PRACH format and/or preamble sequence to normative work, since no option can be identified with majority views, companies are encouraged to provide views on following actions. Elaboration on the detailed priority is also needed if Action-1 is preferred.
· Action-1: Down selection of Options is needed in SI 
· Action-2: Down selection of Options will be done in WI.
	Company
	Comments and Views

	Panasonic
	More elaboration including option 4 would be needed before down selection. We prefer to down select in the potential WI phase (Action-2). 

	Spreadtrum
	Support Action-2. We should be very careful to make decisions on PRACH format and/or preamble sequence. More time is needed.

	Ericsson
	Support Action-2.

	MTK
	Action-2. And we may also define the performance metric (detection rate, false alarm rate, PAPR, Cubic Metric, transmission overhead) for further comparison among proposals

	Huawei
	Action-2 is more practical.  


According to the discussion, following action will be taken:
· Capture all options in TR38.821 without down selection of Options in SI.
4. Timing advanced
In last meeting, agreements to further refine the details of Option-1 and Option-2 to support the Timing advanced mechanism are achieved with some remaining issues. Illustration on the TA component(s) for each UE are shown in Figure 1 (Appendix C) to assist the discussion.
According to the contribution in RAN1#99, 
[bookmark: _GoBack]W.r.t the TA compensation by UE, full TA is preferred by [Ericsson, ZTE, CMCC, Panasonic (for service link only), Sony]. And, in case of transparent payload, the impact of feeder link can be indicated to the UE as part of common TA [ZTE, HW]. But TA adjustment with only UE-specific differential TA is highlighted by [CATT, Mitsubishi], in which, the impact of feeder link for transparent load is handled by network [HW].
W.r.t the number of reference point for common TA calculation, support on single reference point is highlighted [HW, Ericsson, ZTE, Sony, CMCC]. Potential updates on the common TA is also supported [ZTE]. But preference on the multiple reference points are also mentioned in [SS, Nokia].
W.r.t the enhancement on TA indication in RAR, support for the indication on positive value only is preferred by [HW, Sony, Nokia, Panasonic], and negative value is also preferred by [ETRI, CMCC, ZTE]. Moreover, as the implicit solution for the extension of TA range in RAR, in addition to the scaling factor [CMCC, Nokia], consideration on the offset based on the Temporary C-RNTI and/or consecutive RA attempts can be used in combination [Nokia].
Moreover, DCI based timing advance common for TA adjustment is proposed by [Ericsson].
According to the above analysis, following proposals are made to address the remaining issues:
Proposal 2: For transparent payload, the indication of TA due to the impact of feeder link to UE from the network is supported to enable the full-TA compensation for UL transmission. 
Proposal 3: Both negative and positive values are supported for the TA indication in RAR. 
	Company
	Comments and Views

	Panasonic
	On proposal 2, the TA indication for feeder link impact may not be realistic in case of LEO where feeder link delay changes due to the satellite movement. Our preference is only service link delay is compensated by the full TA and feeder link delay is handled by gNB. 
On proposal 3, we prefer positive value only because negative values are not needed if the NW appropriately set the common TA value. 

	Spreadtrum
	Not support proposal 2.
In Terrestrial network, indeed full TA is compensated only by UE. But for NTN, it is one different case, where communication link is composed of feeder link and service link, and the full TA is much larger than TA in Terrestrial network. For NTN, if full TA is completely compensated by UE, obviously the processing timeline would become very tight for UE. Thus, as UE vendor, we prefer only UE-specific differential TA should be compensated by UE.

	Ericsson
	Proposal 2: Feederlink delay can be compensated for by the network. 
Proposal 3: Agree

	MTK
	For proposal 2, we also support Spreadtrum, so we prefer UE-specific differential TA compensation
For proposal 3, positive and negative TA can be supported

	Huawei
	For proposal 2, there are two possible ways for the TA due to impact of the feeder link: 1) The network broadcasts the common TA of feeder link. 2) The network compensates for the timing delay of feeder link.

	Sony
	On proposal 2, we prefer full TA compensation is only for the service link delay. Feeder link delay is handled by gNB. This allows a common procedure for full TA compensation by the UE for both transparent and regenerative payloads.
On proposal 3, we prefer positive value only because negative values are not needed if the NW appropriately sets the common TA value. Positive values also minimise specification effort.


5. Frequency synchronization
In last meeting, due to the lack of the simulation results to justify the performance w.r.t channel tracking, no observation/conclusion has been made. Moreover, since the impact of the frequency drift is still not clear, whether the indication of this parameter is needed or not is still FFS.  
In this meeting, [Ericsson] highlights the necessity on the indication of frequency drift. But according to the simulation results from [Fraunhofer IIS and HHI], with frequency synchronization is done every 20 ms (period between adjacent synchronization blocks), the impact of frequency drift on the BLER performance is not significant.
According to the above analysis, since no critical issue is identified w.r.t the tracking performance including the impact of frequency shift, and following proposals are made:
Proposal 4: It’s concluded that no issues have been identified without indication of frequency drift rate in NTN based on Rel-15/16 NR design, no further enhancement is needed in WI.
	Company
	Comments and Views

	Ericsson
	We do not agree. It is reasonable to assume that DL synchronization based on DL reference signals can be supported, but it would be good to see more company input on this aspect before any conclusions are made. More important is the compensation for UL transmission. For this case we believe NW indication of the frequency drift is needed and should be included in the WI scope.

	MTK
	 Short periodicity for TRS configuration, for example 10 ms can be considered, then the frequency drift rate indication may not be needed


	Sony
	We are reluctant to draw such a categorical conclusion from simulations by only one company. We suggest rewording as follows:
‘Simulations from a single company during the SI suggest that there may not be issues w.r.t the channel tracking performance in NTN based on Rel-15/16 NR design. Other companies are encouraged to study this issue’.
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For DL synchronization:
Agreements in RAN1#97:
Performance evaluations of the synchronization for DL are encouraged. For these evaluations, 
· For LEO systems, beam specific pre-compensation of the common frequency shift at satellite with respect to the spot beam center can be considered 
Agreement in RAN1#98:
For DL initial synchronization in NTN, 
· SSB design in Rel-15 can provide robust performance in the following cases
· GEO
· With pre-compensation for LEO 
· Note: The above observation can be revised if proved by other results
· FFS: Whether SSB design in Rel-15 can provide robust performance for LEO without Doppler pre-compensation
· Factors that need to be considered include at least latency and complexity for SSB detection
Companies are encouraged to evaluate whether Rel-15 mechanisms are sufficient for time/frequency tracking
Agreement in RAN1#98b:
Capture the following in the TR:
Additional complexity is needed at the UE receiver to achieve robust performance on synchronization based on Rel-15 SSB for the case of LEO without pre-compensation of Doppler shift by the network
For UL frequency synchronization:
Agreements in RAN1#97:
For UL frequency compensation at least in LEO systems:
· Both open and closed-loop can be studied 
· Beam specific post-compensation of common frequency offset at gNB can be considered
· FFS: Further indication of common frequency offset
· FFS: Signalling details
· FFS: Compensation of common frequency offset at UE side
· For Open-loop method:
· Estimation of UE-specific frequency offset and pre-compensation at UE side can be conducted based on:
· DL RSs
· UE location and satellite ephemeris
· FFS: Determination of UE location
Agreements in RAN1#98:
For UL frequency compensation at least in LEO systems, parameter(s) for frequency correction can be indicated by gNB to UE
· FFS: Signaling details including whether signalling is broadcast or UE specific, and which parameter(s) are signalled.
Agreements in RAN1#98b:
If compensation of the frequency offset is conducted by the network in the uplink and/or the downlink respectively, indication of compensated frequency offset values by the network is beneficial.
For UL Timing advanced:
Agreements in RAN1#98:
Following options can be considered to support TA adjustment for UL transmission:
· Option 1
· Autonomous acquisition of the TA at UE with known location and satellite ephemeris:   
· FFS: how to compensate the TA, e.g., full TA or only UE-specific differential TA 
· Note: If only UE-specific differential TA is compensated, timing offset between gNB DL and UL frame should be managed by network and acquisition of common TA is needed.
· FFS: additional TA signalling from BS considering the potential inaccuracy.
· Option 2
· Indication of common TA to all users within the coverage of the same beam with broadcasting as a baseline for signalling, e.g., via SIB/MIB
· FFS: additional UE-specific differential TA signalling from BS.
· FFS: the reference point(s)  for common TA calculation
· Additional enhancements to existing TA signaling in Rel-15 can be considered for TA maintenance
· Parameters indicated by gNB to enable the TA adjustment
· Cell/UE-group specific signalling
Agreements in RAN1#98b:
W.r.t the Option 1 of a previous agreement on TA adjustment for UL transmission, the following alternatives can be considered: 
· Alt-1: Compensation of the full-TA is conducted at the UE. 
· Note: Full-TA includes impact due to service link.
· FFS: impact of feeder link
· Alt-2: Compensation of UE specific differential TA only is conducted at the UE.
· FFS: The reference point(s) for UE specific differential TA calculation
W.r.t the Option 2 of TA adjustment from a previous agreement for UL transmission in NTN, 
· Single reference point per beam for common TA calculation is considered as the baseline.
· FFS: Multiple reference points per beam for common TA calculation
· In addition to the signalling of the common TA, Rel-15 signaling for UE-specific differential TA indication from BS can be considered
· Extension of range (explicit or implicit) for TA indication in RAR can be considered.
· FFS: Negative values of TA
Indication of timing drift rate by gNB to the UE is beneficial to enable TA adjustment.
· FFS: whether indication of frequency drift rate is beneficial
For PRACH:
Agreements in RAN1#97:
The scenarios where the Rel-15 PRACH design is sufficient and the scenarios where an extended or new PRACH design is required should be identified as part of the study
Agreements in RAN1#98:
Companies are encouraged to provide the evaluations based on agreed assumptions for the following cases to justify their proposed PRACH design: 
	
	Elevation angle
	Differential delay
	UL Frequency offset (Both S- and Ka-band)
(with compensation of common Doppler)
	Beam Set at satellite

	Case 1
	90 degree for LEO
	Small
	Large
	Set-2

	Case 2
	45 degree for LEO
	Medium
	Medium
	Set-2

	Case 3
	10 degree for GEO and 30 degree for LEO
	Large
	Small
	Set-2

	Case 4
	With both open loop timing and frequency compensation
	Small
	Small
	Set-2

	Note 1: For channel model, NTN TDL-D is considered. Delay scaling factors equals to the mean delay spread and mean K factor for suburban LOS at corresponding elevation angle for each case. Omni-directional antenna with single antenna element is considered for UL transmission.
Note 2: Companies are encouraged to report the receiver for PRACH detection.
Note 3: As the baseline, the number of UEs that simultaneously access the network in a single random access occasion (RO) is 2.
The two UEs may have different timing offsets/Doppler, which are randomly picked within the [0 Max_differential_delay]/[-max_UL_frequency_offset  max_UL_frequency_offset] per case;
Note 4: Fixed power offset between UEs is 3dB.
Note 5: Metrics including CDF of estimation error for frequency/timing, FAR (Based on the preamble pool size is not less than 64), MDR, are considered.
Note 6: The SINR of the stronger UE for simulation is based on the SNR from link budget (with bandwidth for UL = 1MHz for VSAT in Ka, and Handheld for S) with additional offset (e.g., [-6 - log10(Bandwidth [MHz])] dB) per case.


[bookmark: _Ref21698707]Agreements in RAN1#98b:
· If pre-compensation of timing and frequency offset is assumed (e.g., if UE knowledge of geo-location of the UE at the requisite level of accuracy is available), existing Rel-15 PRACH formats and preamble sequences can be reused in NTN.
· FFS: Whether enhancements based on existing formats and sequences, e.g., repetitions and/or larger sub-carrier spacing may be necessary in certain conditions to ensure coverage.
· If pre-compensation of timing and frequency offset is not performed, introduction of enhanced PRACH formats and/or preamble sequences is beneficial.
· At least for the case without pre-compensation of timing and frequency offset, at least the following options for enhanced PRACH formats and/or preamble sequences can be considered:
· Option-1: A single Zadoff-Chu sequence based on larger SCS, repetition number
· FFS: CP and Ncs
· Option-2: A solution based on multiple Zadoff-Chu sequences with different roots
· Option-3: Gold/m-sequence as preamble sequence with additional process, e.g., modulation and transform precoding
Appendix B
	Contribution
	Observation/Proposals

	R1-1911860 
HW
	Observation 1: The frequency adjustment indication can solve the UL frequency offset due to frequency drift.
Observation 2: The gNB can distinguish the scrambled preambles sent by different users and determine each uplink timing in NTN TDL-D model. 
Observation 3: In all considered cases the maximum normalized residual frequency offset does not exceed 1 SCS, and about 90% normalized residual frequency offset can be controlled within 0.5.
Observation 4: In all considered cases the maximum residual timing offset does not exceed 1*16Ts. In general, more than 99.6% residual timing offset is 0.
Observation 5: In cases where differntial delay is larger than the preamble symbol length, the estimation of di is the perfomance bottleneck.
Observation 6: Introducing additional symbols of another kind or blank symbols between the repeated PRACH symbols could help improve the detection performance in cases where differential delay is larger than the symbol length.
Observation 7: UE with GNSS capability cannot acquire the feeder link TA with satellite ephemeris. The following two methods can be considered at least: 
1) The network broadcasts the common TA of feeder link.
2) The network compensates for the timing delay of feeder link.
Observation 8: There is no strong motivation to adopt multiple reference points per beam for common TA calculation, if the beam size is not too large.
Observation 9: If the reference point for calculating the service link common TA is the nearest position to the gNB in one beam, the TA command in the RAR, which can only indicate positive values, is sufficient. 
Proposal 1: For UEs without pre-compensation of timing and frequency offset, the following option should be considered for enhanced PRACH formats in NTN.
· Single Zadoff-Chu sequence with pseudo random scrambling in frequency domain
Proposal 2: Introduce additional symbols of another kind or blank symbols between the repeated PRACH symbols to improve the detection performance in cases where differential delay is larger than the symbol length.
Proposal 3: Discuss whether the Rel-16 NTN SI or the potential Rel-17 WI should prioritize the UEs with GNSS capability.

	R1-1912124 
MTK
	Observation 2-1: Under network side pre-compensation, the accuracy of propagation delay estimation is doubtful for re-using the existing Rel-15 PRACH sequence (single rooted ZC sequence) because there are two unknown parameters on influencing the peak position, which are actual propagation delay and frequency offset
Observation 3-1: For the structure of single rooted ZC sequence together with large SCS, the PRACH SCS=15KHz may be applied to S band when largest residual frequency offset is up to 8KHz under pre-compensation. This also means the transmission bandwidth could be up to 12MHz. Whether the large PRACH transmission bandwidth is practical needs further justification
Observation 3-2: For the structure of single rooted ZC sequence together with large SCS, the short PRACH sequence duration allows the increase of repetitions. However a fixed detection window may have difficulty in utilizing all the repetition gain. Therefore a sliding window is needed
Observation 3-3: For the structure of the double rooted ZC sequence together with differential detection, the two CPs, each for one sequence associated with a root index may be needed to facilitate the detection based on fixed window. This also means the potential increase of transmission overhead
Observation 3-4: For the structure of the double rooted ZC sequence together with differential detection, when only one CP is inserted, a sliding window maybe needed to reduce interference when finding the second sequence
Observation 3-5: The constellation of Gold sequence + pi/2-BPSK + DFT in frequency domain is non-constant modulus
Observation 3-6: Multiple hypothesis branches are formed for the detection of M- and Gold sequence. The selected branch for further detection also represents the preferred frequency correction amount from gNB perspective
Observation 3-7: Multiple hypothesis branches for detection has been widely applied in downlink. For example for the detection of SSB
Observation 3-8: For the detection of M- and Gold sequence by coherent combining, the digital frequency shifter for frequency correction of ½ SCS can be applied to improve the combining gain
Observation 3-9: It is observed that the detection rate of the double rooted ZC sequence is inferior to the M- and Gold sequence with transform precoding. The main reasons could be that there is no combining gain for double rooted ZC sequence and also the residual frequency offset actually destroys the good correlation property of ZC sequence significantly
Observation 3-10: It is also observed that under same receiver structure, M- sequence has slightly better detection performance than the Gold sequence. The seed selection for Gold sequence can be considered as the future work
Observation 3-11: The false alarm rate evaluation may require more trials for accumulation. The detection threshold based on SNR of the channel impulse response of received signal is actually a good metric for preventing the false alarm
Observation 4-1: The PRACH preamble design in LTE and NR actually links the CP length and GT length. It is observed that CP length is equal to GT length + maximum delay spread. Moreover, the GT length is related to the maximum RTT
Observation 4-2: The GT length maybe related to the two times of the maximum differential delay under NTN scenario
Observation 4-3: The possible reason to link CP length and GT length could be the simplification of PRACH receiver. During the uplink slot, the gNB receiver may just apply a fixed window to detect the PRACH with all possible delays
Observation 4-4: When CP length is smaller than the GT length, a sliding window or multiple fixed windows maybe needed to improve the detection performance. This is because that a fixed window may not contain a complete sequence, thereby reducing the received SINR
Proposal 2-1: The definition on pre-compensation needs to be further clarified. It should be clear on pointing out the type of pre-compensation as UE side pre-compensation, network side pre-compensation or both
Proposal 2-2: The option-2 and option-3 of PRACH sequence enhancement for the case of without pre-compensation can be extended to support the condition of network side pre-compensation
Proposal 3-1: The network can signal the frequency correction to the UE and the granularity of which is at least one subcarrier spacing for PRACH. The finer granularity, for example half of subcarrier spacing may depend on gNB receiver capability
Proposal 3-2: The smaller SCS for PRACH is preferred when frequency correction is considered
Proposal 3-3: The following sequence candidates, together with modulation, transform precoding and cyclic shift functionality are considered in work item phase for PRACH sequence generation
· M- sequence
· Gold sequence
Proposal 4-1: Consider CP length < GT length for overhead reduction, when assuming GT length = max RTT

	R1-1912165 
CATT
	[bookmark: OLE_LINK4]Proposal 1:  Network can determine the reference point in TA compensation and indicate it in system information.  
Proposal 2:  Possible enhancements to Rel-15 PRACH formats can be considered:
· Extend CP duration to resist timing offset due to imperfect timing pre-compensation.
· Increase SCS to resist residual frequency offset due to imperfect frequency pre-compensation. 
· Increase repetition times to improve PRACH robustness to very low SINR.
Proposal 3:  Consider ZC sequence and m-sequence/Gold sequence combination as preamble sequence to extend PRACH capacity in case of without pre-compensation of timing and frequency offset.
Proposal 4: Support both open-loop and close-loop TA compensation in NTN scenarios. 
Proposal 5: Consider SRS enhancement to improve timing and frequency offset estimation by configuring variable SCS of SRS and non-consecutive SRS transmission. 

	R1-1912212 
Intel
	Proposal:
· Consider Zadoff-Chu sequence and Gold sequence as candidate for PRACH enhancement for NTN

	R1-1912247 
Asia Pacific Telecom co.
	Proposal 1: For UL frequency compensation, the frequency correction can be indicated NW, where the signalling including both broadcast and UE specific manners shall be supported.

	R1-1912285 
Mitsubishi
	Observation 1: For a given maximum residual Doppler value after pre-correction, the maximum diameter size depends (increases) of the altitude.
Proposal 1: For residual Doppler limitations, set the maximum acceptable footprint diameter as a function of the altitude. 
Proposal 2: Compensation of UE specific differential TA only is conducted at the UE. 
Proposal 3: For TA maintenance, support at least the closed-loop solution. 
Observation 2: For PRACH design, work is still needed before a selection of the best scheme can be performed. 
Proposal 4: Prior to any PRACH signal selection, determine the maximum Doppler and time shifts that will have to be detected. 
Proposal 5: Prior to any PRACH signal selection, take into account the time-frequency ambiguity nature of the problem to define an appropriate comparison methodology. 

	R1-1912348 
Sony
	Observation 1: It is desirable to have a unified TA compensation scheme applicable to both positioning capable and incapable UEs. 
Observation 2: Both positioning capable and non-positioning capable UEs can have knowledge of the common TA.
Observation 3: All UEs compensating at least the common TA minimises standardisation effort on new RACH preambles.
Observation 4: Autonomous TA adjustment can reduce frequency of TA adjustment commands sent by the gNB especially for LEO. 
Observation 5: The maximum UE-specific differential TA in NTN will be larger than the TA in terrestrial networks and so require more bits for TA in the RAR. 
Proposal 1: RAN1 should target one unified TA compensation scheme that works for both positioning capable and non- positioning capable UEs.
Proposal 2: RAN1 should support UE Full-TA compensation with indication of the common TA.
Proposal 3: RAN1 should support autonomous TA adjustment by UEs especially for LEO.
Proposal 4: RAN1 should target only one reference point for common TA calculation in its study.
Proposal 5: RAN1 should agree the maximum functional altitude of an NTN UE and use this as the reference point for calculating the common TA.

	R1-1912470 
Samsung
	Observation 1: Large propagation delays in NTNs have impact on UE random access procedures. Extending the RA response window can cause unnecessary UE power consumption.
Observation 2: When a NTN is deployed, the NTN BS should have its altitude information and therefore be able to estimate propagation delay information.
Observation 3: Typical maximum equivalent cell radius is greater than the maximum value supported by the preamble formats designed for terrestrial NR.
Observation 4: A remarkable performance degradation in the cell ID detection accuracy is observed if no pre-compensation of the Doppler shift is performed. The performance loss can be recovered by UE implementation, e.g. using a high complexity detector.
Proposal 1: Enhancement for UL timing advance range and its acquisition should be studied with consideration of the extremely long propagation delay.
Proposal 2: Multiple TA values can be considered for extremely large cells.
Proposal 3: Including gap information in SIB for NTNs can be considered in NR.
Proposal 4: Existing NR preamble format could be considered for supporting HAPS.
Proposal 5: RAN1 should clarify the target supported equivalent cell radius for PRACH.
Proposal 6: Enhancement on NR preamble format including introducing new preamble format could be considered for spaceborne vehicles even with pre-compensation.
Proposal 7: RAN1 shall determine the SCSs of SS/PBCH block for NTN bands and inform RAN4 to capture them in the corresponding specifications. 
Proposal 8: RAN1 shall study whether NR Rel-15 CORESET#0 configuration can be reused for NTN bands, taking into account the channelization and synchronization raster design in RAN4. 
Proposal 9: Signaling initial estimate of Doppler shift by a gNB to a UE could be considered for high Doppler shift in NTN systems.

	 R1-1912536 
CMCC
	Proposal 1: With regards to the option 1, considering the unified TA adjustment design of TDD and FDD systems,  the Alt-1 is preferred.
Proposal 2: With regards to the option 2, only the single reference point per beam for common TA calculation is supported, and the reference point for common TA calculation is the beam/cell center.
Proposal 3: For the extension of range for TA indication in RAR, the negative value is supported.
Observation: RACH needs to be enhanced if no pre-compensation of frequency is used. The values for the max differential delay and max differential Doppler are not consistent.
Proposal 4: for PRACH is determined as full TA for option 1, or common TA for option 2.
Proposal 5: Two equivalent alternatives can be considered to update  in case of random access response:
Alt 1: 
Alt 2: 
where  denotes TA command in RAR with negative value supported, and  denotes scaling factor to extending TA indication range.
Proposal 6: Open loop frequency compensation solution needs to be studied, including using UE’s location & satellite’s track or utilizing DL signal.
Proposal 7: Unified values of max differential delay and max differential Doppler for each use case need to be reached, and the results are captured in the TR.
Proposal 8: The PRACH enhancement is supported, considering PRACH format, the preamble sequence (single root, two/multiple ZC sequence or m/golden sequence), and the corresponding receive algorithm with sliding or multiple fixed reception window.

	 R1-1912612 
ZTE
	Observation 1: The proposed NTN PRACH formats N1 to N4 (using Zadoff-Chu sequence based on larger SCS and repetition) can provide the robust performance on both MD and FO/TO estimation.
Observation 2: The proposed NTN PRACH formats N5 to N8 (using 2-root Zadoff-Chu sequences with repetition) can provide the robust performance on both MD and FO/TO estimation.
Observation 3: The usage of short sequence (i.e., length of 139) with 2-root can be further studied.
Observation 4: Indication of timing drift can be used to handle the timing variant Doppler due to the impact of both service and feeder link.
Proposal 1: For the PRACH format and/or preamble sequence enhancement with multiple Zadoff-Chu sequences with different roots, following to alternative can be considered:
Alt-1: Single PRACH preamble consisting of two-roots sequence
Alt-2: Multiple preambles (e.g., 2) transmission from single UE with different roots
Proposal 2: Full-TA compensation instead of UE-specific differential TA only should be considered.
Proposal 3: For transparent payload, the common TA should be calculated with consideration both service and feeder link.

	 R1-1912640 
ETRI
	Proposal 1:	It may be useful to configure a signal by separating the common TA of the feeder link and the common TA of the service link. In addition, the utilization of common TA including scheduling offset may be considered to reduce additional overhead.
Proposal 2:	When configuring UE-specific differential TA signaling in initial access, negative values of TA may be required regardless of UE location information.
Proposal 3:	In the case of LEO, the update of the common TA may be considered in the TA adjustment procedure.

	R1-1912725 
Ericsson
	Observation 1	RAN1 has agreed that the initial UL frequency offset of a UE’s PRACH preamble received at the gNB is approximately two times of the (residual) Doppler offset in the DL at the UE.
Observation 2	Continuous frequency tracking will be necessary to mitigate the Doppler shift variation in LEO NTN.
Observation 3	Doppler shift appears to vary approximately linearly with time in each cell.
Observation 4	Doppler shift is proportional to the timing drift. Therefore, knowledge of the instantaneous Doppler shift (e.g. through a combination of an initial Doppler shift and a Doppler rate) is sufficient information for the UE to know how to continuously update the TA, and in principle no additional timing drift information is needed.
Observation 5	Extending the CP length in a PRACH format beyond an OFDM symbol duration is equivalent to increasing the number of repetitions in the PRACH format.
Observation 6	The existing NR PRACH formats based on ZC sequences have been designed to facilitate UL timing estimation, with the assumption that the UL frequency offset between UE and gNB is small after DL synchronization. The assumption of small UL frequency offset is not valid in LEO NTN.
Observation 7	Two different ZC sequences are needed for UL timing estimation and UL frequency estimation in LEO NTN.
Observation 8	NR NTN features (including PRACH) should have synergies with NR terrestrial solutions as much as possible​ to help NTN benefit from economies of scale.
Observation 9	If an NTN network needs to serve UEs with different capabilities, both Option 1 and Option 2 will be needed.
Observation 10	If the UE of Option 1 applies full-TA before MSG1 transmission, the network needs to only deal with the residual timing error.
Observation 11	If the UE of Option 1 applies UE-specific differential TA before MSG1 transmission, the network needs to deal with a frame timing offset as large as the common delay in the cell/beam.
Observation 12	If the UE applies UE-specific differential TA, the network needs to cope with a time-varying frame timing offset.
Observation 13	If the UE of Option 1 applies UE-specific differential TA and that of Option 2 applies common TA before MSG1 transmission, the network needs to cope with drastically different frame timing offsets for the two cases.
Observation 14	The network can leverage the timing drift information to send an adjusted TA value that accounts for the expected TA inaccuracy.

Proposal 1	RAN1 to conclude that pre-programming the UE, or its uSIM, with satellite ephemeris is beneficial.
Proposal 2	UL frequency correction command can be transmitted in MSG2 and MAC CE. FFS DCI based frequency correction command.
Proposal 3	At least LEO NTN should support network to signal Doppler rate to assist with UE frequency and time tracking, especially in the UL.
Proposal 4	NTN should support configuration of separate RACH occasions for UEs performing pre-compensation of timing and frequency offset and UEs not performing pre-compensation of timing and frequency offset closed-loop access UEs.
Proposal 5	Based on the consensus at RAN1#98bis, RAN1 to update the applicable max Doppler shift value and max residual Doppler shift value in NTN based on the updated assumptions on beam/cell size (3500 km for GEO and 1000 km for LEO).
Proposal 6	PRACH preamble for GEO NTN with large max differential delay (up to 10.3 ms) can be handled by implementation-based techniques using a long enough PRACH processing window and multiple hypotheses.
Proposal 7	At least for LEO NTN, a suitable PRACH format should be designed to facilitate both UL timing estimation and UL frequency estimation.
Proposal 8	A suitable PRACH format for LEO NTN should be composed of two parts: the first part is a ZC sequence transmitted using an existing NR PRACH format, and the second part is a ZC sequence that is the complex conjugate of the first ZC sequence. Note that the complex conjugate of a ZC sequence can be considered as a ZC sequence with a root different from the original ZC sequence. So, this solution belongs to Option 2 agreed at RAN1#99: A solution based on multiple ZC sequences with different roots.
Proposal 9	RAN1 to limit the potential normative work of enhanced PRACH for NTN to the most promising option to minimize the efforts from specification and testing to NW/UE implementations.
Proposal 10	RAN1 not to deviate from Zadoff-Chu sequences in enhancing PRACH for NTN.
Proposal 11	The UE in Option 1 applies full-TA before MSG1 transmission and the UE in Option 2 applies the signaled common-TA before MSG1 transmission.
Proposal 12	The reference point for common TA calculation is up to network configuration.
Proposal 13	Consider using DCI to transmit timing advance command to cope with the large timing drift in LEO NTN.


	R1-1912903 
Panasonic
	Proposal 1: For option 1, compensation of full TA including service link delay only should be adopted. Feeder link delay and satellite processing delay should be managed by the network. 
Proposal 2: For option 2, common TA should compensate service link delay only although actual common TA value is up to network implementation, and the delay caused by feeder link and satellite processing should be managed by the network. 
Proposal 3: Negative value of TA command would not be needed. 
Proposal 4: For UE with GNSS capability, PRACH format with more repetitions should be supported. How to support e.g. fixed number or configurable, and exact values should be decided in potential work item phase. 
Proposal 5: For UE without GNSS capability, consider PRACH design option-1 and option-2 in potential work item phase. 
Proposal 6: it should be allowed to configure separate PRACH related configurations for UEs with and without GNSS capability. 

	R1-1912956 
Qualcomm
	Proposal 1: For NTN operations that don’t require UE’s knowledge of geolocation, support periodically broadcasting of the common round-trip delay and Doppler frequency of a beam.
Observation 1: New PRACH design is needed when the product of maximal delay and maximal frequency offset is greater than 0.5.
Observation 2: The 2-rooted PRACH preamble design allows an efficient time-domain only  search at the receiver to estimate both large time and frequency offsets.
Observation 3: The 2-rooted PRACH preamble design considerably increases the supported beam footprint diameters in NTN. 
Proposal 2: For NTN, consider the use of 2-rooted preambles and study related PRACH occasions design. 
Proposal 3: For NTN, support PRACH format configuration per beam.
Proposal 4: Support more flexible and beam-specific configuration of PRACH occasions. 
Observation 4: NR closed-loop timing control mechanism is not sufficient for NTN.
Proposal 5: In NTN, UE autonomous open-loop timing control is required.
Proposal 6: For LEO and MEO satellites, support broadcasting of parameter(s) to indicate the timing variation rate, e.g., v*cos where v is the satellite velocity and  is the angle between satellite moving direction and the line connecting satellite and the beam center.
Proposal 7: Consider group-common DCI for UL timing control in NTN.
Proposal 8: Study enhanced SRS design to support efficient estimation of large timing and frequency offset.

	R1-1913017 
Nokia
	Observation 1: UE might be able to obtain its UL timing advance and DL Doppler shift by tracking time and frequency shift of DL reference signal during DL synchronization for non-stationary satellites.
Observation 2: The ICI-cancellation can be used to support robust mechanism for the UEs with large Doppler shifts or hard to be compensated.
Observation 3: The common delay value shall broadcast by the gNB, regardless if it has to be compensated by the UE or by the gNB.
Observation 4: The complexity and challenges of having the common delay only compensated at the gNB may be studied.
Observation 5: The autonomous TA compensation by UE with positioning capabilities based on the UE position and the satellite ephemeris may not work for the transparent satellite scenarios.
Observation 6: In terrestrial networks, there is a different cell size limit for different subcarrier spacings.
Observation 7: The maximum differential delay expected in NTN cannot be accommodated within the 12-bits of the RAR message in current specification.
Observation 8: The scaling-factor solution can fully compensate for the maximum allowed cell size (1500 km) in the LEO scenarios with S-Band.
Observation 9: In S-Band preamble formats A3, B3, B4 and C1 can be used for all beams. Formats A1, A2, B1, B2, C0, C2 may be used if min. UE elevation angle within a beam is large.
Observation 10: In general, a combination of larger subcarrier scaling and restricted set A or B required for long sequences in S-Band.
Observation 11: In Ka-Band 240 kHz subcarrier spacing is needed for short preambles.
Observation 12: Restricted set A or B along with subcarrier scaling required for long preambles in case of high-speed UE with small elevation angle.
Proposal 1: gNB signals the indication of timing shift rate to UE so that the UE is able to estimate its UL timing advance.
Proposal 2: DL Doppler compensation is needed at the UE side for multi-beam measurement and receiving even the beam-specific common frequency offset has been pre-compensated at the network side.
Proposal 3: The serving beam can send the beam-specific Doppler compensation information of its own and its neighbouring beams to the UE for DL multi-beam transmission to this UE in NTN.
Proposal 4: UL Doppler compensation at the UE side is needed for multi-beam transmission even the beam-specific common frequency offset is post-compensated at the network side.
Proposal 5: The serving beam can send the beam-specific Doppler compensation information of its own and its neighbouring beams to the UE for UL multi-beam transmission from this UE in NTN.
Proposal 6: As an alternative solution, the common delay may be partially compensated by the UE and partially compensated by the gNB.
Proposal 7: Time-based Methods for Autonomous compensation of TA for UEs may be considered, in special those reusing NR release 16 existent features.
Proposal 8: The gNB should be informed whether the UE is applying autonomous acquisition of TA by positioning solutions.
Proposal 9: The gNB may temporarily disable the autonomous acquisition of TA by positioning solutions at the UE side.
Proposal 10: There may not be any UE within a cell whose TA are smaller than the common delay provided by the network. The common delay shall be designed accordingly.
Proposal 11: RAN 1 to study alternative forms to expand the TA range in the RAR without the need to modify the message contents or format and complying with Release 15 and Release 16 formats.
Proposal 12: In NTN systems, the gNB can broadcast a scale factor, S_0, for the initial TA (S0 = 2, 4, …) for expanding the TA range when cell size requires. The UE has to have access to the scaling factor before the Random Access procedure is started.
Proposal 13: RAN 1 to study if the maximum cell size allowed should be equal for every SCS in NTN, differently from what is currently adopted in terrestrial networks.
Proposal 14: RAN 1 to study the potential benefits of the scaling factor and consider it as a solution for the extension of the TA range in the RAR.
Proposal 15: RAN 1 to consider the additional offset in the TA before MSG3 in the Random Access based on the Temporary C-RNTI and the UL Grant in the RAR.
Proposal 16: The network may set a number of consecutive RA attempts with an offset time factor and broadcast this information to reduce keep the timing error in RA within the TA range of the RAR.
Proposal 17: The expected delay at pre-determined geographical reference points may be broadcast by the satellite to assist the RA procedure and minimize the impact of the differential delay in the RAR.
Proposal 18: The scaling factor and the consecutive RA attempts may be used in combination to minimize the impact of both solutions in solving the RA range problem.
Proposal 19: RAN1 to design in the work item what is the best way to design the set of functions to cover all scenarios with higher precision.
Proposal 20: Random access procedure should take into account the methods to avoid UE’s high power consumption and maintain the transmission reliability at the same time.
Proposal 21: Random access procedure should take into account UE and satellite positions for UE UL transmission if UE location information is available.
Proposal 22: The fast random access procedure mechanism is needed due to long propagation delay in NTN.
Proposal 23: NTN UE-Relay could be introduced between UE and air-borne gNB for efficient information exchange to support fast access due to large propagation delay.
Proposal 24: RAN1 to study the pros and cons for RA preamble (UE) and RAR message (gNB) transmission solutions which keep the required RA-RNTI space untouched.
Proposal 25: Use sequence repetition and enhanced signal processing to overcome high pathloss figures.
Proposal 26: Introduce one additional short preamble format to already existing formats.
FR1: 
FR2: 
	Format
	

	
	
	
	Support for restricted sets

	C1
	139
	kHz
	
	
	-



Proposal 27: Add scaling parameter 4 to all short preamble formats for FR2.
Proposal 28: Support subcarrier scaling for long preamble formats for both FR1 and FR2.
FR1:  for format 0,1,2 and  for format 3
FR2:  for format 0,1,2 and  for format 3

	Format
	

	
	
	
	Support for restricted sets

	0
	839
	 kHz
	
	
	Type A, Type B

	1
	839
	 kHz
	
	
	Type A, Type B

	2
	839
	 kHz
	
	
	Type A, Type B

	3
	839
	 kHz
	
	
	Type A, Type B



Proposal 29: Study alternative PRACH preamble sequence construction concepts. Possible candidates are: 1. Pure m-sequences 2. ZC-sequences with m-sequence cover code and 3. Gold-sequences.
Proposal 30: Capture tables for differential delay and frequency offset for LEO-600 case in chapter 6.3 of [5].
Table 6.3.2-1. LEO-600, S-Band max. differential delay and frequency offset.
	Case
	Min. UE elevation angle
	Beam-diameter 
	Max . two-way (RTT) differential delay 
	Max. two-way (RTT) frequency offset in UL with common Doppler compensation incl. RO

	
	[°]
	[km]
	[s]
	[ppm]
	[kHz]

	1
	85.2 (nominal 90°)
	92.8
	13.1
	3.99 
	8.0

	2
	45
	153.9
	660.2
	3.17
	6.3

	3
	30
	257.3
	1400.0
	2.60
	5.2



Table 6.3.2-2. LEO-600, Ka-Band max. differential delay and frequency offset.
	Case
	Min. UE elevation angle
	Beam-diameter
	Max. two-way (RTT) differential delay
	Max. two-way (RTT) frequency offset in UL with common Doppler compensation incl. RO

	
	
	
	
	UE velocity

	
	
	
	
	0 km/h
	1000 km/h
	1200 km/h

	
	[°]
	[km]
	[s]
	[ppm]
	[kHz]
	[ppm]
	[kHz]
	[ppm]
	[kHz]

	1
	87.6 (nominal 90°)
	46.3
	3.3
	2.04
	61.3
	2.12
	63.7
	2.14
	64.2

	2
	45
	82.2
	370.4
	1.61
	48.2
	2.92
	87.6
	3.18
	95.4

	3
	30
	144.3
	809.0
	1.32
	39.5
	2.92
	87.7
	3.24
	97.3




	R1-1912291
Fraunhofer IIS and HHI
	Observation 1: The impact of frequency drift on the BLER performance is not significant if frequency synchronization is done every 20 ms (period between adjacent synchronization blocks).
Observation 2: The performance loss due to the residual frequency error after synchronization is notable.
Observation 3: The impact of the considered phase noise model for Ka band is observed to be minimal.

	R1-1912954
QC
	Observation 1: The 2-rooted PRACH preamble design allows estimation of delay up to the CP duration and frequency offset up to half of the preamble bandwidth.


Appendix C

[image: ]
[bookmark: _Ref24723953]Figure 1 Illustration on the TA component in NTN



1/17
image1.wmf
RA

L


oleObject1.bin

image2.wmf
RA

f

D


oleObject2.bin

image3.wmf
u

N


oleObject3.bin

image4.wmf
RA

CP

N


oleObject4.bin

oleObject5.bin

oleObject6.bin

oleObject7.bin

oleObject8.bin

image5.png
"--Reference Point -

+  Common TA (Tcom) = 2*Do/c +  Common TA (Tcom) = 2*(Do1+ D02)/c
*  UE specific differential TA for xth UE (TUEx) = 2*(D1x-D0)/c *  UE specific differential TA for xth UE (TUEx) = 2*(D1x-Do1)/c
*  Full TA (Tfull) = Tcom + TUEx *  Full TA (Tfull) = Tcom + TUEx

(a) Regenerative payload (a) Transparent payload




