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Introduction
In this paper, we present our general overview on the SAN RF impact.
Discussion
In WID[1], the objectives relating to the RF are quoted below:
1. [bookmark: _Hlk153196886]Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.
· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.
· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.
· Notes for this objective:
· SSB channel enhancement is not considered
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study

For DL coverage enhancement objective, as the network energy saving should be considered as baseline for system study, we think it should be also good to study any RF impact for NTN based on network energy saving feature in Rel-18. In WF[2], it is agreed that 
Issue 2-1: RF requirements for Cell DTX
· Agreement: 
· No need to define RF requirements for cell DTX.
· Transient period may be needed on the CC when cell DTX is conducted on that CC
· It is not expected to capture it in the TS
Issue 3-1: RF requirements for spatial domain techniques
· Agreement: 
· No need to define RF requirements for spatial domain techniques
· Transient period may be needed on the CC when spatial domain techniques are conducted on that CC.
· It is not expected to capture it in the TS
Issue 3-2: RF requirements for power domain techniques
· Agreement: 
No need to define RF requirements for power domain techniques 

Some explanation on the NES feature about RF impact on Cell DTX, spatial and power domain. For Cell DTX RF impact, it is mainly because there is transient time is needed when the beam is switching ON, one RF requirement relating to it is the TDD timing mask. Similar to the TDD ON/OFF power transient requirement, when the beam is turned ON/OFF, there is also a transient period. In NTN objective, this is relating to the beam switching between one beam to another, the PA may not be switched ON/OFF, but the new phase coefficients may needs to be set in hardware if analogy beamforming is used. We think so long this transient period occurs during the beam OFF status, the beam data will not be impacted, this is illustrated in Figure 1.  
[bookmark: _Ref162871127]No RF impact due to the Cell TX (e.g The NES Cell DTX RF conclusion due to Cell DTX can be reused ) assuming the transient time occurs during the beam OFF status.



[bookmark: _Ref162870518]Figure 1: Beam switching occurs during the Beam OFF period and no data is transmitted during this beam switching
In latest RAN1 agreement, there is a beam delay assumption as below[3]
Agreement
For NR NTN Rel-19 DL coverage evaluation, a value of beam steering latency equal to 0 at least if phase array antenna is assumed.
Values different from 0 can be optionally reported
If the digital beam forming is used in beamforming, the beam switching delay may be zero. But for analogy beamforming, there may be additional delay around 20 microseconds caused by setting the phase coefficient for different antenna elements. So the beam switching delay is not zero for analog beamforming. From our understanding, the beam switching delay may incur the system overhead as there is no data will be transmitted during the beam switching period as illustrated in Figure 1. It should be fine to the light/medium load system but for a full load system, the time used for beam switching will reduce the system capability. As illustrated in Figure 2, if the beam data could be transmitted during the beam switching delay, the PHY layer should handle this so system capability will not impact as seriously as the case illustrated in Figure 1. As System capability is a RAN1 topic, RAN4 could provide any beam switching delay number to RAN1 if RAN4 think other value than 0 should be considered in RAN1 evaluation.
Another aspect is network synchronization depending on regenerative payload or transparent payload. For transparent payload, there is a need of time synchronization between the gNB/Gateway and satellite. The synchronization error at satellite would make beam switching either delay or advance referencing to an ideal switching time at gNB. The impact of the synchronization error can be following. The advance of the beam switching may cut off the DL/UL data at the last subframe before switching to new beam. The delay of the beam switching may cut off the DL/UL data at the first subframe after the switching to the new beam. There is no such concern on regenerative payload as the gNB is on board the satellite. In legacy TDD network, the 3 micro second is specified for a maximum time error between different network nodes. Though the interface between gNB and satellite is not standardized, the similar performance could be expected. However, maybe there is also implementation aspects and therefore, companies can report this value. The synchronization error cause the similar system overhead in the beam hopping system and can be considered together with the beam switching delay. 
[bookmark: _Ref162871255]The beam switching delay incurs the system overhead for a full load system.
[bookmark: _Ref162945695]No data transmission during the beam switching time incurs the system overhead for full load system.
[bookmark: _Ref166069548]For transparent payload, the network synchronization error will advance or delay the beam switching, adding additional time uncertainty for beam switching.
[bookmark: _Ref162871137]RAN4 can send LS to RAN1 to notify if beam switching delay has other value than 0
[bookmark: _Ref166069564]The network synchronization aspect should be considered for transparent payload together with beam switching delay.


[bookmark: _Ref162945362]Figure 2: beam switching delay is not impacted for data transmission

For NES power and spatial domain feature, there is no such discussion in RAN1 for NTN till now. As the beam switching in NTN is relating to the switch ON/OFF beam rather than tuning the power of power of the beam, therefore, there is no need to consider it in RAN4 for now.
[bookmark: _Ref162871147]No need to consider the spatial and power domain in Rel-18 NES impact on NTN RF for now.


Conclusions
In this contribution, we present our general overview with below proposal and observation:
Observation 1 The beam switching delay incurs the system overhead for a full load system.
Observation 2 No data transmission during the beam switching time incurs the system overhead for full load system
Observation 3 For transparent payload, the network synchronization error will advance or delay the beam switching, adding additional time uncertainty for beam switching.
Proposal-1: No RF impact due to the Cell TX (e.g The NES Cell DTX RF conclusion due to Cell DTX can be reused ) assuming the transient time occurs during the beam OFF status.
Proposal-2: RAN4 can send LS to RAN1 to notify if beam switching delay has other value than 0
Proposal-3: The network synchronization aspect should be considered for transparent payload together with beam switching delay.
Proposal-4: No need to consider the spatial and power domain in Rel-18 NES impact on NTN RF for now.
References
[1] RP-234078, New WID: Non-Terrestrial Networks (NTN) for NR Phase 3 , Huawei
[2] R4-2314935, WF on NES RF requirements, Huawei
[3] RP-240091, Status report for New WID: Non-Terrestrial Networks (NTN) for NR Phase 3; rapporteur: Thales, CATT
[4] R4-2406109, Way Forward for [110bis][315] NR_NTN_Ph3, THALES

Annex 1
3GPP TSG-RAN WG4 Meeting # 111					R4-240xyz
Fukuoka, Japan, 20th  –24th  May, 2024												
Title:	LS on beam switching delay and time uncertainty for DL coverage enhancement
Response to:	
Release:	Rel-19
Work Item:	NR_NTN_Ph3
Source:	RAN WG4
To:	RAN WG1
Cc:	RAN WG2

Contact Person:	
Name:	Chunhui Zhang	
E-mail Address:	Chunhui (dot) Zhang (at) ericsson (dot) com

Attachments:	

1. Overall Description: 
RAN4 discuss the beam switching delay and agree the below numbers for analogy beamforming in array antenna.
· [20 us…]
RAN4 also agree there is synchronization error of [3 us] between satellite and gNB for transparent payload which adding extra time uncertainty on the beam switching time.
2. Actions:
To RAN WG1/WG2 group.
ACTION: 	RAN4 would like RAN1 consider the information above and evaluate any system impact if any.

3. References:

4. Date of Next TSG-RAN WG4 Meetings:
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