[bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting # 108		R4-2313768
Toulouse, France, August 21 – August 25, 2023
Agenda Item:	8.26.5.1
Source: 		Qualcomm Incorporated
Title: 			[R18 NR NTN] NTN support for frequency band above 10GHz
Document for:	Approval
1.	Introduction
We provide our views on the following:
· UE UL Timing Accuracy Requirements
· RRM and Mobility Requirements
2. 	Discussion
UE UL Timing Accuracy Requirements
In the last RAN4 meeting, UL SCS of 60kHz was not well received by companies mostly because it is vulnerable to Doppler impact. On the other hand, with UL SCS of 120kHz, it was observed that UE will likely be left with a margin of only 0-5 meters for GNSS position error, which is almost infeasible for mobile UE. As a workaround, towards the end of the online discussion, most, if not all, companies showed interest in defining different requirements for different physical channels/signals, e.g.
· Relaxed requirement for PRACH
· Tightened requirement for the rest UL
The idea behind the above is that UE GNSS position error can be corrected by closed-loop TA in RAR in the beginning of connection and whenever needed.

	Issue 2-1: UE UL Timing Accuracy Requirements for UL SCSs of 60kHz and 120kHz
Agreement:
· The assumption of the maximum total positioning error due to UE location and Satellite position estimation error shall be tightened as below:
· For UL SCS of 60kHz, [X] meters.
· For UL SCS of 120kHz, [Y] meters
· The above is applicable only when SSB SCS is equal to or higher than 120kHz
· FFS on whether applicable to UE in mobile platform.
· FFS on whether and how to connect the tightened UE positioning error to the advanced GNSS capability or UE type.
· FFS whether to use different requirements for different types of devices defined in the RF session and/or different satellite types
· FFS on different UE UL Timing Accuracy Requirements for different physical signals/channels, e.g. relaxed requirements for PRACH for certain PRACH formats, compared to other signal/channels.



In order to preserve inter-symbol and -carrier orthogonality in uplink, the total UL timing error shall not be larger than half of CP minus fading channel delay spread. According to TR38.811, in Ka band with directional antennas, echoes with significant delay are normally filtered out by the antenna radiation pattern, so flat fading can be assumed. Thus, we can formulate the following criterion for the analysis of the required UE positioning error. Note that we assume the satellite position estimation error considered in Rel-17 (30 meters) won’t be further tightened because it has nothing to do with UE type or band.
· Tg =  0.5*Tcp – (Td + Tp + Tr + Ta + Tf) > 0: an effective guard period in CP
· Tcp: a length of CP for the given SCS of UL channel/signal
· Td: UE downlink synchronization error for the given SCS of SSB (BW of PBCH DMRS, i.e. 20 PRBs)
· Tp = Tp,ue + Tp,sat: a round trip propagation delay estimation error due to UE position and satellite position estimation errors
· Tp,ue: a round trip propagation delay estimation error due to [X]m of UE position error
· Tp,sat: a round trip propagation delay estimation error due to [Y]m of satellite position estimation error
· Tr: TAC resolution error (from TS38.213)
· Ta: TA adjustment accuracy error (from Table 7.3.2.2-1 of TS38.133)
· Tf: an accumulated timing drift over 160ms due to a frequency offset of 0.1ppm

The following are the maximum UE position estimation errors that fulfil the above criterion. Note that format B1, which has the shortest CP length, is chosen among short sequence based RPACH preamble formats for the analysis.
· For PRACH preamble format B1
· Up to 25 meters
· For other UL signals/channels with 120kHz SCS when SSB SCS is 120kHz
· Up to 2 meters

Table 1. Short sequence-based (L=139) RACH preamble formats
	Preamble Format
	L
	N
	SCS kHz
	BW MHz
	1 Seq length [us]
	N_SEQ
	Tot Seq length [us]
	T_CP [us]

	A
	1
	139
	144
	15
	2.16
	66.67
	2
	133.33
	9.375

	
	2
	139
	144
	15
	2.16
	66.67
	4
	266.67
	18.75

	
	3
	139
	144
	15
	2.16
	66.67
	6
	400
	28.125

	B
	1
	139
	144
	15
	2.16
	66.67
	2
	133.33
	7.031

	
	2*
	139
	144
	15
	2.16
	66.67
	4
	266.67
	11.719

	
	3*
	139
	144
	15
	2.16
	66.67
	6
	400
	16.406

	
	4
	139
	144
	15
	2.16
	66.67
	12
	800
	30.469

	C
	0
	139
	144
	15
	2.16
	66.67
	1
	66.67
	40.36

	
	2
	139
	144
	15
	2.16
	66.67
	4
	266.67
	66.67


· Note: For 30/60/120 kHz subcarrier spacing, preamble format can be scaled according to subcarrier spacing. 
· Ts =1/(2*30720) ms for 30 kHz subcarrier spacing, Ts =1/(4*30720) ms for 60 kHz subcarrier spacing, Ts =1/(8*30720) ms for 120 kHz subcarrier spacing

Although TA in RAR in response to PRACH transmission can correct UE positioning error for the subsequent UL transmissions, there can be a potential issue due to the fact that TA in RAR has only a positive value, which may lead to ISI/ICI on Msg3 PUSCH reception from NW. Note that the impact of ISI/ICI due to the positive value only TA can be more severe because the residual error after TA application with the absolute value can be significantly large considering the CP length 8 times shorter than 15kHz SCS in FR1. For instance, when Msg1 transmission time was advanced, which should have been delayed, due to UE positioning error, the Msg3 transmission time cannot be delayed relative to Msg1 transmission time due to the current TA range in RAR which is always equal to or larger than zero. In order to resolve the issue, the range of TA in RAR needs to be modified so that it can include both negative and positive values.

Proposal 1: To support UL SCS of 120kHz in Ka band, when SSB SCS equal to or higher than 120kHz is assumed the overall UE and satellite positioning error to be considered for UE UL timing accuracy requirement shall not be larger than [55] meters and [32] meters for PRACH preamble and the rest UL signals/channels, respectively.

Proposal 2: After PRACH transmission, to alleviate the impact of ISI and ICI on subsequent UL transmissions (especially Msg3), the range of TA in RAR needs to be modified to include both negative and positive values. RAN4 to inform RAN1 and RAN2 of the identified issue and request an update on the range of TA in RAR.

RRM and Mobility Requirements
In the past couple of RAN4 meetings, there were discussions around whether/how to differentiate device types in terms of UE beam implementation, .e.g. fully mechanically steerable beam vs. fully electronically steerable beam vs. hybrid type. The beam implementation also matters a lot to RRM requirement definition as the beam sweeping factor will be one of the most distinct components that differentiate Ka band RRM requirements from those in FR1. More importantly, beam sweeping delay will also affect the way RAN4 defines RRM requirements. Note that there are only so many slots/radio frames during which UE can tune away from the serving cell. For instance, according to the current specification, a handover latency should not be larger than 10 sec which is the largest value of T304. There will be also other similar issues if UE tunes away from the serving cell for a long time, e.g. RLF, BFD, DRX, etc.
Table 2. Handover Timer
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If the UE beam sweeping latency from tune-away to tune-back is too large to affect core network, it is recommended to evaluate the impact and find solutions outside RAN4 first. Alternatively, if needed, RAN4 can define a full set of RRM requirements and introduce UE capabilities for respective requirements without explicitly tying up the requirement applicability with UE beam type (fully mechanically steerable beam vs. fully electronically steerable beam vs. hybrid type).

Observation 1: Without enough clarity on UE beam sweeping details in terms of the required beam sweeping factor and beam sweeping latency, it is unclear whether/how much impact on core network is expected and whether RAN4 can define meaningful RRM requirements. 

3.	Conclusion
Proposals are summarized below:
UE UL Timing Accuracy Requirements
Proposal 1: To support UL SCS of 120kHz in Ka band, when SSB SCS equal to or higher than 120kHz is assumed the overall UE and satellite positioning error to be considered for UE UL timing accuracy requirement shall not be larger than [55] meters and [32] meters for PRACH preamble and the rest UL signals/channels, respectively.
Proposal 2: After PRACH transmission, to alleviate the impact of ISI and ICI on subsequent UL transmissions (especially Msg3), the range of TA in RAR needs to be modified to include both negative and positive values. RAN4 to inform RAN1 and RAN2 of the identified issue and request an update on the range of TA in RAR.

RRM and Mobility Requirements
Observation 1: Without enough clarity on UE beam sweeping details in terms of the required beam sweeping factor and beam sweeping latency, it is unclear whether/how much impact on core network is expected and whether RAN4 can define meaningful RRM requirements. 
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