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1.	Introduction
3GPP has been discussing the delays present in Non-Terrestrial Networks Communications and the responsibilities of compensating such effect to enable the communication ([1], [2]).
This document analyses the outcome of such discussions and proposes a way forward to progress on test specifications implications related to this topic.
This document is a re-submission from R5-233757 ([13]).
[bookmark: OLE_LINK53]2. 	Discussion
2.1 Dynamic delay in service and feeder links
According to 3GPP TS 36.300 section 23.21.2.2 ([2]), in Non-Terrestrial Networks communications there will be delays associated either to the service link as well as to the feeder link (refer to Figure 1). DL and UL are frame aligned at the uplink time synchronization reference point (RP) with an offset given by NTA,offset .
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Figure 1: Timing relationship parameters
To enable the communications, pre-compensation is required by the UE:
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The following parameters will play a key role on achieving proper timing and synchronization:
-	 is a configured offset that corresponds to the RTT between the Reference Point (RP) and the NTN payload ([2]). 
According to 3GPP TS 36.211 ([3]) section 8.1 Uplink frame number i for transmission for the UE shall start at TTA before the start of the corresponding downlink frame at the UE:
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Additionally, according to 3GPP TS 36.213 ([4]) section 4.2.3:
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-	 is a configured scheduling offset that need to be larger or equal to the sum of the service link RTT and the Common TA ([2]).
-	is a configured offset that need to be larger or equal to the RTT between the RP and the gNB ([2]).
 All these values are provided by the network in the specific SIB message for NTN (SIB31).
Additionally, these parameters are somehow related to the satellite orbit emulation, i.e. to the ephemeris of the satellite. In the test cases it is important that TE emulates appropriate delays in both feeder and service links according to information in NTN SIB message (SIB31).
[bookmark: Prop1]Proposal 1: Test equipment shall emulate the delay in both feeder and service links according to information in NTN SIB message. 
2.2 Kmac and Common TA parameters
As described in section 2.1 in this document, DL and UL are frame aligned at the uplink time synchronization reference point (RP) with an offset given by NTA,offset .
Hence, there are two options for the definition of the reference point (RP):
	- Option 1: DL and UL frame boundaries aligned at gNB (kmac=0, koffset=2xDelay)
	- Option 2: DL and UL not aligned at gNB (kmac≠0, Koffset≠2xDelay)
Considering that:
a) kmac needs to be larger than or equal to the RTT between the RP and the gNB (as per 3GPP TS 36.300 section 23.21.2.1 ([2])), having a value larger than RTT between the RP and the gNB would require a consensus on how larger kmac needs to be compared to the RTT between the RP and the gNB, 
b) According to R4-2214473 ([5]), during RRM discussions for NR NTN, it was indicated that “In order to alleviate the impact of uncertainty on UE uplink transmission timing due to quantized feeder link delay information, the feeder link delay can be set to zero.” so the agreement in RRM test cases was to use kmac as not configured, ta-Common=ta-CommonDrift=ta-CommonDriftVariant=0 (as per R4-2303147 ([6])). This is also applicable to IoT NTN.
As the same uncertainty impact due to quantized feeder link delay might impact all test cases, it is proposed to define reference point so DL and UL frame boundaries are aligned at gNB (kmac=0 or not configured) and ta-Common=ta-CommonDrift=ta-CommonDriftVariant=0. ta-Report seems to be not needed.
[bookmark: Prop2]Proposal 2: Define Reference point so DL and UL frame boundaries are aligned at gNB (kmac=0 or not configured).
[bookmark: Prop3]Proposal 3: Define ta-Common=ta-CommonDrift=ta-CommonDriftVariant=0.
[bookmark: Prop4]Proposal 4: Define ta-Report as Not configured.
2.3 Koffset
According to 3GPP TS36.300 ([2]),  is a configured scheduling offset that need to be larger or equal to the sum of the service link RTT and the Common TA. Having kmac=0 implies that koffset should be equal to or greater than twice of the satellite-UE one-way delay.
koffset (= kcell,offset - kUE,offset) , where kcell,offset is provided by cellSpecificKoffset and kUE,offset is provided by a Differential koffset MAC CE command; otherwise, if not respectively provided, kcell,offset = 0 or kUE,offset = 0 according to 3GPP TS 36.213 ([4]) section 4.2.3.
During RAN4 discussions, one analysis on the Satellite-UE RTT delay and associated koffset values was carried out (R4-2213860 ([7])) as shown below:
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As it can be seen in the above analysis, koffset value is dependent on the type of satellite as well as on the minimum elevation angle (α in the figure above). Even when this reference was discussed for NR NTN, it is also applicable to IoT NTN.
In RRM, according to R4-2306370 ([8]), the following agreement was achieved:
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Hence, 30º minimum elevation angle applies and this leads to same conclusions as in [6]):
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R4-2119586 ([9]) and R4-2218407 ([10]) describe somehow the trade-off required between satellite visibility duration and performance (SNR/RSRP/SINR) (applicable to IoT NTN too):
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In demod test cases, as only PDSCH for NGSO is being defined, the koffset value agreed was also 8 slots (refer to R4-2220278 Issue 1-1-1 and Issue 1-2-4 ([11])).
Assuming kUE,offset could be agreed as 0 (same as done in NR NTN [12], , it is proposed that same kcell,offset values agreed in demod and RRM are used for all test cases: 256 slots for GSO and 8 slots for NGSO. 
Value for NGSO might require further updates for NGSO satellites in case it is necessary to maximize satellite visibility duration in some RF test cases.
[bookmark: Prop5]Proposal 5: Use kcell,offset equal to 256 slots for GSO and 8 slots for NGSO in all test cases.
3. 	Conclusion
This document analyses discussions in different 3GPP working groups regarding the propagation delays in Non-Terrestrial Network communications and proposes a way forward to progress on test specifications implications related to this topic. 
The following proposals are made: 
Proposal 1: Test equipment shall emulate the delay in both feeder and service links according to information in NTN SIB message. 
Proposal 2: Define Reference point so DL and UL frame boundaries are aligned at gNB (kmac=0 or not configured).
Proposal 3: Define ta-Common=ta-CommonDrift=ta-CommonDriftVariant=0.
Proposal 4: Define ta-Report as Not configured.
Proposal 5: Use kcell,offset equal to 256 slots for GSO and 8 slots for NGSO in all test cases.
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p3.21.22  Timing Advance and Frequency Pre-compensation

For the serving cell, the network broadcast ephemeris information and common Timing Advance (common TA)
parameters

‘The UE shall have valid GNSS position as well as the ephemeris and common TA before connecting to 20 NTN cell.
To achieve synchronisation, before and during connection to a cell, the UE shall pre-compensate the Timing Advance
(Tza, see TS 36211 [4] clause 8.1), see Figure 23.21.2.2-1, by considering the common TA, UE position and the NTN
payload position through the ephemeris.

The UE computes the frequency Doppler shift of the service link, and pre-compensates for it in the uplink
transmissions, by considering UE position and the ephemeris. If the UE does not have a valid GNSS position and/or
valid ephemeris and Common TA, it shall not transmit until they are regained.

In connected mode, the UE shall continuously update the Timing Advance and frequency pre-compensation, but the UE
is not expected to perform GNSS acquisition. In connected mode, upon outdated ephemeris and common Timing
Advance, the UE shall acquire the broadcasted parameters and upon outdated GNSS position the UE shall move to idle
mode.

‘The UEs may be configured to report Timing Advance at initial access or in connected mode. In connected mode
triggered reporting of the Timing Advance is supported.

Dotink radio fame

Uplink radio fame
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Figure 23.21.

1 lllustration of Uplink/Downlink Radio Frame Timing at the UE

‘While the pre-compensation of the instantancous Doppler shift experienced on the service link i to be performed by the
'UE, the management of Doppler shift experienced over the feeder link and transponder frequency error, whether
introduced in Downlink or Uplink, is left to network implementation.
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8.1 Uplink-downlink frame timing

Transmission of the uplink radio frame number / from the UE shall start Try = (Nps + Nraofseet + NE22G" +
NEE )T, seconds before the start of the corresponding downlink radio frame at the UE.

Downlink radio frame i

Uplink radio frame i

Tra seconds

Figure 8.1-1: Uplink-downlink timing relation
Except for the cases mentioned in Table 8.1-1, Table 8.1-2 and Table 8.1-3, the range of N4 is: 0< Npy < 20512

For frame structure type 1 N1y o = 0 and for frame structure type 2 Npa .., = 624 unless stated otherwise in [4].

Note that not all slots in a radio frame may be transmitted. One example hereof is TDD, where only a subset of the slots
in a radio frame is transmitted.

Nt is defined in different ranges depending on the UE configuration according to Table 8.1-1, Table 8.1-2 and Table
8.1-3. In case of subslot based transmission (Table 8.1-2 and Table 8.1-3), the UE is configured by higher layer
signalling a processing timeline and an associated range of timing advance

The quantity NEE°" is derived from the higher-layer parameters TACommon, TACommonDrift, and

T4CommonDriftVariation if configured (see Clause 4.2.3 in TS 36.213 [4]), otherwise N{ZLE°" = 0

The quantity Ny}, is computed by the UE based on UE position and serving satellite-ephemeris-related higher-layers
parameters if configured, otherwise Nfy,4 = 0
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For a BL/CE UE in a NTN serving cell, using serving satellite higher-layer ephemeris parameters, if configured, the
BL/CE UE determines NYE,; (defined in [3]) using the serving satellite position and its own position to pre-

compensate the two-way transmission delay on the service link. To pre-compensate the two-way transmission delay
between the uplink time synchronization reference point and the serving satellite, the BL/CE UE determines

Nggemen (defined in [3]) based on one-way propagation delay DelaYeommon (t) Which can be obtained as:

Delay,ommon(t) = % [N_‘gxmmm + NggmmonDrif (t _ tepﬂch) + NggmmonDriftVariation y (t _ tepﬂch)z ]

where Nggumos, NggruesDift qng NgguuoaDrifaristion are given by the higher layer parameters nia-Common, nia-
CommonDrift, and nta-CommonDriftVariation respectively, and topocn is the epoch time given by the higher layer
parameter epochTime. DelaYeommon(t) provides a distance at time ¢ between the serving satellite and the uplink time
synchronization reference point divided by the speed of light. The uplink time synchronization reference point is the
point where DL and UL are frame aligned with an offset given by Nra offeet-

For a BL/CE UE communicating over NTN, time and frequency pre-compensation s adjusted per uplink segment with
a transmission duration of NEieen?™**°™ time units, where the quantity is provided by higher

layers, as specified in 3GPP TS 36.331 [11].

precompensation
Nocgment
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Issue 6-2: High level test procedure for SAN RRM tests

e re-use the applicable parts in “High level test procedure for SAN RRM tests” as specified in B.5 in 38.133
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B.5 High level test procedure for SAN RRM tests

The following high level steps are conducted for test cases for SAN defined in clause A.14.

A set of ephemeris information are pre-defined for each satellite corresponding to different epoch times in [TS

TBD].

- For GEO an altitude of 35,786km is considered. an elevation angle relative to a UE position shall not be
smaller than 30 deg during entire test time

- For LEO an altitude of 600km on a circular orbit is considered.

A motion trajectory is generated for each satellite based on the ephemeris using Eckstein-Hechler model.

UE location is determined for the test. The ephemeris and the the UE location should be designed such that

elevation angle relative to the UE position shall not be smaller than 30 deg during entire test time.

Test equipment adjusts the time and frequency of transmission based on the satellite motion trajectory and UE

location during test time to emulate the position and velocity change of the satellite relative to the UE.
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e Cell specific Ky configuration
e 8slots for LEO, 258 slots for GEO;

e NOTE: the value of cell-specific K_offset configured for test shall remain the same for the

entire test and it shall be large enojugh to ensure causality of UL scheduling.
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Observation 1-1: The 90-degree elevation angle has the best results in terms of RSRP, SNR, and SINR compared
to other elevation angles. On the other hand, the 10-degree elevation angle shows the worst results.

Observation 1-2: LEO-1200km shows the best performance in terms of RSRP/SNR/SINR distribution, and it is
followed by LEO-600km and GEO.
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Proposal 1: Elevation angle lower than 30deg shall not be considered in measurement/mobility requirements for
all satellite types.
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