[bookmark: _Hlk135063588]3GPP TSG-RAN4 Meeting #107	R4-2308361
Incheon, Korea (Republic Of), 22nd May 2023 - 26th May 2023

Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion on NTN operation on frequencies above 10 GHz 
Agenda item:	8.27.5
Document for:	Discussion

[bookmark: _Toc116995841]Introduction
The NTN WI, as presented in [1], includes the following objectives related to NTN deployment in above 10GHz bands:
	4.1.2	NR-NTN deployment in above 10 GHz bands

The following assumptions are taken a baseline for this work:
· GSO and NGSO (e.g. LEO, MEO, HEO) based satellite access to be considered
· ESIM scenarios for NGSO in Ka band are not considered in this WI. 
· Targeted UE types: fixed and mobile VSAT. VSAT UE characteristics from TR38.821 to be considered in priority but additional NTN UE classes may be considered if justified
· Regarding mobile VSAT, three types of terminal and scenario exist; airborne, maritime and land based ESIM. Which type(s) to be specified depends on the outcome of the regulation analysis and co-existence study.
· FDD mode is assumed for satellite operation above 10 GHz, while TDD mode is assumed for terrestrial operation in FR2
· The ITU-R harmonized Ka band will serve as reference
· Co-existence between overlapping NTN and TN band portions is out of scope of this work item. This aspect will be captured in the specification.

The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start after June 2022.

· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Consider the satellite harmonized Ka band as a reference, according to ITU allocation; taking into account deployment type (e.g. VSAT, ESIM), scenarios, and ITU-R/regional regulations, define an example band suitable for development of generic 3GPP minimum performance requirements (the example RAN4 band may be a portion of or the entire harmonized Ka band). [RAN4]
· Study implications of FDD operation in FR2 and derive requirements for the identified example band appropriately. Satellite bands introduced in 3GPP for NTN for FDD shall not impact the existing 3GPP TDD specifications for terrestrial bands adjacent to the NTN band (see note 3 of the approved way forward RP-211596 in RAN#92-e). [RAN4]
· [bookmark: _Hlk90540445]Relevant coexistence scenarios and analysis to be considered in RAN4, if and where applicable, to ensure that satellite bands introduced in 3GPP for NTN shall not impact the existing specifications and shall not cause degradation (in the sense of RAN4 co-existence studies) to networks in 3GPP specified terrestrial bands adjacent to the NTN band. In that, it is assumed that the NTN-TN adjacent band coexistence will be performed at the harmonized Ka band edges. The outcome is expected to be applicable to all NTN-TN adjacent band scenarios (if any) in the whole Ka band range where applicable and regulations allow. [RAN4]
· For all the above, RAN4 process as agreed for NTN in FR1 should be used for coexistence analysis in above 10 GHz bands [RAN4].
· [bookmark: _Hlk89787333]Definition of NTN band(s) above 10 GHz does not change the current FR1/FR2 definition, nor automatically apply to future terrestrial bands defined in this frequency region; (see proposal 2 of the approved way forward RP-211596 in RAN#92-e) [RAN4]
· Specify Rx/Tx requirements for satellite access node and different VSAT UE class (not only 60 cm aperture) as appropriate for the identified example band [RAN4]
· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g., K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.




During RAN4 #106, the Way-Forward agreed for system parameters [2] indicate that further progress on the SCS definition for NTN operation in the Ka band (above 10 GHz) should wait progress on the feasibility evaluation from the RRM point of view. 
	Issue 1-1-3: SCS
Agreement:
· Option 1: Wait for RRM conclusion on the feasibility of using sub-carrier spacing values 60 and 120 kHz for NTN above 10 GHz. 




The problem was further discussed in RAN4 #106-bis-e, where it was reached a tentative agreed for tightening UE timing requirements compared to previous NTN requirements, which were relaxed due to GNSS inaccuracy .  
	· The assumption of the maximum total positioning error due to UE location and Satellite position estimation error shall be tightened compared to the assumption of the existing Rel-17 NR NTN.
· The exact values and required conditions will be further discussed/determined in the future meetings.
· Alternatives can be further discussed, e.g. ECP (only for 60kHz SCS), limiting UL SCS, limiting SSB SCS, limiting UE mobility, etc.
· Note: the above “maximum total positioning error due to UE location and Satellite position estimation error” will not be specified in the requirement but it’s only used as an assumption to derive the UE Tx timing requirement.




[bookmark: _Toc116995842]Discussion
Transmit Timing accuracy
At the SAN side, the uncertainty of the UE transmission timing depends on several factors such as:
· Transmit timing error
· The maximum transmit timing adjustment error
· The quantization error within the timing advance command. 
· Time dispersion of the channel
· Numerical errors on the calculation of the ephemeris and common delay parameters

The uncertainty of the UE transmission must be absorbed by the cyclic prefix. The CP duration, , for the normal CP operation, as defined in [4] depends on the SCS: 


In Rel-17, for NTN deployments, the transmit timing error limit was relaxed to introduce up to 80 meters of inaccuracy. As the timing advance corresponds to the double of the propagation delay, the relaxation considered the time for the signal to travel 160 meters. So, considering  as the relaxation time

For simplifying the analysis, we will consider . Assuming the transmit timing error limit, Te_NTN = Te + Trelax, is the absolute timing error, the receiving system must be prepared to receive one UE with transmit timing error equal to +Te_NTN and another UE with transmit timing error equal to –Te_NTN. In other words, the delay budget reserved to absorb the impact of UE transmit timing inaccuracy is twice as large as Te_NTN. This alone would make it impossible for the implementation of the GNSS relaxation for these SCS, as showed in Table 1.
[bookmark: _Ref129959122]Table 1. Impact on the delay budget of the relaxation of transmit timing error requirement
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	 [Ts]
	Te (terrestrial) [Ts]
	Trelax[Ts]
	Tcp –2( Te – Trelax )[Ts]

	15
	60
	36
	10
	16
	-16

	30
	60
	36
	7
	16
	- 7

	120
	60
	36
	3.5
	16
	-3

	240
	60
	36
	3
	16
	-2

	120
	120
	18
	3.5
	16
	-21


This was reason to exclude 60 kHz from the Rel-17 operation on FR1 as it would consume most of the delay budget and preclude any practical application. 
[bookmark: _Toc131891072][bookmark: _Toc135062931]In Rel-17, the inclusion of relaxed timing requirements due to GNSS and satellite position inaccuracies led to the exclusion of the 60 kHz of the FR1 operation since it would consume most of the delay budget. 
In addition to the transmit timing inaccuracy, the delay budget is also affected by the dispersion of the channel. 3GPP has previously agreed on reference channel models for NTN, originated during the study item phase [5] for NTN deployments and that are now used as the reference channels for demodulation [6]. The channel model NTN-TDLA100 has a rms delay spread of 100 ns; with the detailed model describing a relevant delay path with a 285 ns delay (which corresponds to 8.8 Ts).    It is worth noting that the delay spread of the NTN reference model is higher than any of the delay spreads considered for 60 and 120 kHz before in TN [7][8], which makes the delay budget even more stringent in NTN. 
Besides, another component that need consideration is the “systematic error in the common TA” that will be observed in practical deployments that ensues from reduced accuracy of the polynomial fit. Since we only have a 2nd order polynomial to describe the Common TA there will be a “systematic error” due to modeling of the feeder link (common TA), which will evolve over time. This aspect was discussed in RAN1 contribution that have shown that this error can become quite substantial in R1-2110900, where it is seen that even for 10 seconds of horizon of prediction, we may see a systematic error of ~1us.  
To accommodate for the delay budget and the inaccuracy of the common TA information, it is important that the delay budget is not fully consumed by UE inaccuracies.
[bookmark: _Toc131891075][bookmark: _Toc135062932]For the operation in the NTN Ka-bands, if the chosen SCS is 60 or 120 kHz, the transmit timing error limit must be tightened up to 4 Ts for 120 kHz and 8 Ts for 60 kHz. 
[bookmark: _Toc135062933][bookmark: _Toc131891076]If the transmit timing error cannot be tightened up, and the chosen SCS is 60 or 120 kHz, RAN4 shall ask RAN1 to provide alternative synchronization solutions for NTN, such as providing further timing assistance via SIB9 transmission.  
[bookmark: _Toc131891074][bookmark: _Toc135062934]VSAT devices are more complex than regular handheld devices and might support tightened requirements.

Beam Sweeping for Cell Reselection
[bookmark: _Toc116981541][bookmark: _Toc116982824][bookmark: _Toc116982859][bookmark: _Toc116982882][bookmark: _Toc116994710][bookmark: _Toc116994823][bookmark: _Toc116994895][bookmark: _Toc116994909][bookmark: _Toc116995098][bookmark: _Toc116995141][bookmark: _Toc116995897][bookmark: _Toc116995923][bookmark: _Toc116995943][bookmark: _Toc116996063][bookmark: _Toc116996084][bookmark: _Toc116996089][bookmark: _Toc116996131][bookmark: _Toc116996431][bookmark: _Toc116996752][bookmark: _Toc116997065][bookmark: _Toc132796768]For cell reselection, UEs operating in the band above 10 GHz are expected to have beam directionality according to the WID. The WID description indicates that studies might cover mobile and fixed VSAT operations using the baseline the description on TS 38.821 [6]. The VSAT as described in TS 38.821 can be implemented as a phased array antenna. This means that directional “satellite tracking” is performed at the UE side. This brings the advantage to enhance the antenna gain in the direction of the serving satellite, but it potentially decreases the antenna gain in the direction of neighboring satellites. Therefore, the UE shall perform measurements also in different directions when measuring cells from neighbor satellites. 
A similar procedure was adopted in legacy (terrestrial) deployments in FR2, as depicted in the Example from Table 4.2.2.3-1, from TS 38.133 [4], for intra-frequency mobility in RRC_IDLE (highlights are our own): 
Table 4.2.2.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2-1Note1
	FR2-2 Note2
	
	
	

	0.32
	1
	8
	12
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	5
	8
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	6
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	5
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	Applies for UE supporting FR2-1 power class 2&3&4. For UE supporting FR2-1 power class 1 or 5, N1 = 8 for all DRX cycle length.
Note 2:	Applies for UE supporting FR2-2 power class 2&3. For UE supporting FR2-2 power class 1, N1 = 12 for all DRX cycle length.
Note 3:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1. If different SMTC periodicities are configured for different cells, the SMTC periodicity in this note is the one used by the cell being identified. During PSS/SSS detection, the periodicity of the SMTC configured for the intra-frequency carrier is assumed, and if the actual SSB transmission periodicity is greater than the SMTC configured for the intra-frequency carrier, longer Tdetect, NR_intra is expected.



The table indicates that the time to detect may be enlarged to accommodate measurements across multiple beams at the UE side. A similar procedure can be adopted in FR2-NTN, for UEs with phased array. But there are differences to be considered:
· UE is expected to have information on the ephemeris of neighbor satellites 
· The time to detect (evaluate and measure) is already expanded in LTE to accommodate to measurements across multiple satellites due to doppler re-tunning.
Therefore, for operation in FR2-NTN, we support a scaling factor for measurements across different beams, but in a smaller degree than the one applied for FR2.
[bookmark: _Toc135062935]For phased-array VSATs, use a scaling factor for cell reselection requirements (Tdetect, Tevaluate, T measure) for measurements across different beams, favoring scaling factor values smaller than the ones adopted for FR2 in terrestrial deployments
[bookmark: _Toc135062936]Use scaling factor (N1) 4 for DRX Cycle Length 0.32s and 0.64s and N1=2 for DRX Cycle lengths 1.28 and 2.56. 
Another problem regards the deployment of directional VSATs using DISH antennas instead of phased arrays. In this case, these UEs might not be capable to retune their satellite tracking direction as fast as a phased array UE. In this case cell reselection requirements might need to be rediscussed for this type of UEs.
[bookmark: _Toc135062937]FFS on whether to specify requirements for VSAT UEs with dish antennas. Wait for further progress on RF discussions on this topic. 
NTN-TN Cell Reselection
In the previous meeting RAN4 also agreed on WF to further discuss NTN-TN Cell Reselection requirements as RAN2 work progresses on the topic. In the previous electronic meeting, RAN2 has reached some further agreements that can be used to trigger the work in RAN4, such as:
	RAN2 agreement:
Agreements via email – from offline 107: 
1.	On a frequency band number shared by TN and NTN (e.g., n1), if NTN-specific assistance information is NOT provided for a neighbour cell configured in SIB3/SIB4, UE assumes this is a TN neighbour cell. This understanding is also applicable for Rel-17 and it does not need any spec update 
 




In NTN Rel-17, the requirements for NTN mobility and applicability rules of the same provisioned that the UE has to be informed with the ephemeris of the neighbor cells for the requirements to apply. For the NTN-TN mobility, there will be no ephemeris information, and it is important that this aspect is clarified in TS 38.133. 
[bookmark: _Toc135062938]Capture in TS 38.133 that when a cell is configured in a frequency band shared by TN and NTN, if neighbour cell information is is NOT provided for a neighbour cell configured in SIB3/SIB4, UE assumes this is a TN neighbour cell and the specific requirements for NTN->TN cell reselection apply.  
[bookmark: _Toc135062939]If the UE has to measure NTN and TN cells in the same frequency, update the description of KSMTC to accommodate for measurements over TN cells as well. 

Enhancements for cell reselection for earth moving cells
Another agreement in RAN2 regards the update of the distanceThresh and the reference location parameter when the UE is configured with location-based cell reselection in earth-moving scenarios. 
	RAN2 agreement:

RAN2 understands that for earth-moving cell reselection, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (FFS whether a new epochTime IE is needed). RAN2 understanding is that both PVT and orbital parameters can be used for this. FFS if additional information is needed to allow more accurate measurements. 
2.	For earth-moving cell, new IE is introduced to indicate the reference location of serving cell. 
3.	For cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19. 




Regarding the first agreement, it says “the UE can derive the trajectory of serving cell with rough accuracy (…) with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time”  of serving cell.”. It is also very clear from the set of agreements that RAN2 intends to apply the location-based triggers for cell reselection purpose also for NTN. 
This indicates that in the earth-moving cell scenario, the UE must follow distanceThresh requirements that are propagated (moved) over time because of the satellite movement. 
[bookmark: _Toc135062940]RAN4 to implement requirements for the propagation of the referenceLocation based on the satellite movement for earth-moving cell scenarios

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]This paper has analyzed some relevant aspects on the WI for NR enhancements for NTN operation, in special regarding the operation above 10 GHz and some of the mobility enhancements in IDLE mode. Based on this analysis the following observations and proposals are presented:
Observation 1: In Rel-17, the inclusion of relaxed timing requirements due to GNSS and satellite position inaccuracies led to the exclusion of the 60 kHz of the FR1 operation since it would consume most of the delay budget.
Proposal 1: For the operation in the NTN Ka-bands, if the chosen SCS is 60 or 120 kHz, the transmit timing error limit must be tightened up to 4 Ts for 120 kHz and 8 Ts for 60 kHz.
Proposal 2: If the transmit timing error cannot be tightened up, and the chosen SCS is 60 or 120 kHz, RAN4 shall ask RAN1 to provide alternative synchronization solutions for NTN, such as providing further timing assistance via SIB9 transmission.
Observation 2: VSAT devices are more complex than regular handheld devices and might support tightened requirements.
Proposal 3: For phased-array VSATs, use a scaling factor for cell reselection requirements (Tdetect, Tevaluate, T measure) for measurements across different beams, favoring scaling factor values smaller than the ones adopted for FR2 in terrestrial deployments
Proposal 4: Use scaling factor (N1) 4 for DRX Cycle Length 0.32s and 0.64s and N1=2 for DRX Cycle lengths 1.28 and 2.56.
Proposal 5: FFS on whether to specify requirements for VSAT UEs with dish antennas. Wait for further progress on RF discussions on this topic.
Proposal 6: Capture in TS 38.133 that when a cell is configured in a frequency band shared by TN and NTN, if neighbour cell information is is NOT provided for a neighbour cell configured in SIB3/SIB4, UE assumes this is a TN neighbour cell and the specific requirements for NTN->TN cell reselection apply.
Proposal 7: If the UE has to measure NTN and TN cells in the same frequency, update the description of KSMTC to accommodate for measurements over TN cells as well.
Proposal 8: RAN4 to implement requirements for the propagation of the referenceLocation based on the satellite movement for earth-moving cell scenarios
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