[bookmark: _Hlk41145946]3GPP TSG-RAN WG4 Meeting # 108      		R4-2311788
Toulouse, France, Aug 21 - Aug 25, 2023

Agenda Item:	8.13.4.1
[bookmark: _Hlk41145958]Source: 	CMCC
[bookmark: _Hlk41145953][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Title: 			 Discussion on BS reference location accuracy for NR ATG
Document for:	Discussion
1. Introduction
In RAN4#106bis, a reply LS for SIB19 applicability was sent by RAN2 [1], we copy the content for information:
	1. Overall Description:
RAN2 would like to thank RAN4 for the LS on the applicability of the SIB19 for ATG. RAN2 understands the intention is that ATG BS provides location information to assist UE-based time and/or frequency pre-compensation.

RAN2 will address this and intends to find a solution for Rel-18 (via SIB19 or other SIB). Some companies in RAN2 think sharing exact base station’s location is sensitive. RAN2 kindly asks RAN4 to provide information on any required ATG ground station reference location accuracy (i.e., uncertainty in exact base station location).

2. Actions:
[bookmark: _Hlk46227635]To RAN4 group.
ACTION:	RAN2 kindly asks RAN4 to provide information on any required ATG ground station reference location accuracy.


In RAN4#107, RAN4 sent the reply LS to RAN2 [2], the reply LS confirms that base station is allowed to not provide the exact base station location. Meanwhile, the exact supported accuracy according to RAN4 requirements is still under discussion and it could be sent to RAN2 if it is needed by RAN2.
	1. Overall Description:
RAN4 would like to thank RAN2 for the reply LS on the applicability of the SIB19 for ATG. RAN4 has discussed the question from RAN2 on required ATG ground station reference location accuracy and had the following agreements:
· Base station is allowed to not provide the exact base station location. The exact supported accuracy according to RAN4 requirements is still under discussion and it could be sent to RAN2 if it is needed by RAN2.
· RAN4 assumes the BS location accuracy does not need to be specified.
· UE performs the frequency/time pre-compensation based on the indicated BS location and the actual UE location, where the UE frequency/timing pre-compensation does not consider the error due to the misalignment between the indicated BS location and the actual BS location.
In addition, RAN4 would like to respectfully inform RAN2 that RAN4 has agreed to introduce the mechanism of koffset in ATG system as NTN, whether and how to configure koffset is up to network implementation. RAN4 kindly asks RAN2 to take this information into account when considering the applicability of SIB19 for ATG and design corresponding signaling for it.
RAN4 kindly asks RAN2 to take the above information into account.

2. Actions:
To RAN2 group.
ACTION:	RAN4 kindly asks RAN2 to take the above information into account.


In this contribution, we further analyze the exact supported accuracy of indicated BS location.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK2][bookmark: OLE_LINK1]BS location accuracy 
The motivation of RAN2 inquired the BS location accuracy is to avoid the exposure of the gNB location information, which may cause security risk without any reserve. 
RAN4 has agreed that “BS is allowed to provide an indicated BS location, and UE doesn’t need to consider the timing/frequency error due to the misalignment between the indicated BS and the actual BS location”. One of the argument is that the timing error can be compensated by network since the error of indicated BS location is known by network. The other argument is that the close-loop TA could also compensate the timing error. However, the frequency error during whole transmission and the timing error during PRACH introduced by BS location error could not be compensated either by network or by UE. Therefore, the error of indicated BS location should be under a threshold.
From the perspective of frequency error, the total frequency error (ΔFtotal) should not exceed SCS/2. ΔFtotal=2*ΔFBSlocation+ΔFresidual, where ΔFresidual = 0.1ppm is the residual doppler after UE DL/UL frequency pre-compensation, and ΔFBSlocation is the DL doppler calculation error introduced by indicated BS location error. For each SCS, the indicated BS location toleration is calculated as follows:
	SCS
	ΔFtotal
	ΔFresidual
	ΔFBSlocation
	Minimum location error tolerated 
(UE 3km height assumed)

	15kHz
	7.5kHz
	200Hz for 2GHz
	(7.5-0.2)/2=3.65kHz
	15km for sub-array antenna
6km for non-sub-array antenna

	30kHz
	15kHz
	400Hz for 4GHz
	(15-0.4)/2=7.3kHz
	15km for sub-array antenna
6km for non-sub-array antenna

	1.25kHz 
(long PRACH format)
	625Hz
	200Hz for 2GHz
and 
400Hz for 4GHz
	(625-200)/2=212.5Hz
(625-400)/2=112.5Hz
	9.32km for sub-array antenna 2GHz
7.3km for sub-array antenna 4GHz
2km for non-sub-array antenna 2GHz
0.72km for non-sub-array antenna 4GHz


Observation 1: From the perspective of frequency error:
· for the case of long PRACH format and non-sub-array antenna, the error of indicated BS location should be within 2km for 2GHz, and 0.72km for 4GHz.
· for the case of long PRACH format and sub-array antenna, the error of indicated BS location should be within 9.32km for 2GHz, and 2km for 4GHz.
Observation 2: From the perspective of frequency error:
·  for the short PRACH format, the error of indicated BS location should be within 15km for sub-array antenna, and 6km for non-sub-array antenna.
From the perspective of PRACH timing error control, by assuming 40% CP is used for error tolerance calculation, the location error tolerance corresponds to each format and SCS are as following table:
	
	Units in Ts
	

	Format
	Ncp [@15 kHz]
	Delay budget (@40% of CP)
	Te (TN)
	T_relax (40 m)
	Remaining Delay budget
	Total D error tolerated (m)

	A1
	288
	115.2
	12
	8
	95.2
	464.8 

	A2
	576
	230.4
	12
	8
	210.4
	1027.3 

	A3
	864
	345.6
	12
	8
	325.6
	1589.8 

	B1
	216
	86.4
	12
	8
	66.4
	324.2 

	B2
	360
	144
	12
	8
	124
	605.5 

	B3
	504
	201.6
	12
	8
	181.6
	886.7 

	B4
	936
	374.4
	12
	8
	354.4
	1730.5 

	C0
	1240
	496
	12
	8
	476
	2324.2 

	C1
	2048
	819.2
	12
	8
	799.2
	3902.3 

	Note: For DL @15 kHz and UL @ 15 kHz
	


	
	Units in Ts
	

	Format
	Ncp [@30 kHz]
	Delay budget (@40% of CP)
	Te (TN)
	T_relax (40 m)
	Remaining Delay budget
	Total D error tolerated (m)

	A1
	144
	57.6
	8
	8
	41.6
	203.1 

	A2
	288
	115.2
	8
	8
	98.2
	484.4 

	A3
	432
	172.8
	8
	8
	154.8
	765.6 

	B1
	108
	43.2
	8
	8
	24.2
	132.8 

	B2
	180
	72
	8
	8
	52
	273.4 

	B3
	252
	100.8
	8
	8
	79.8
	414.1 

	B4
	468
	187.2
	8
	8
	165.2
	835.9 

	C0
	620
	248
	8
	8
	225
	1132.8 

	C1
	1024
	409.6
	8
	8
	385.6
	1921.9 

	Note: For DL @30kHz and UL @ 30kHz




	Units in Ts
	

	Format
	Ncp 
	Delay budget (@40% of CP)
	Te (TN)
	T_relax (40 m)
	Remaining Delay budget
	Total D error tolerated (m)

	0
	3168
	1267.2
	12
	8
	1247.2
	6089.8 

	1
	21024
	8409.6
	12
	8
	8389.6
	40964.8 

	2
	4688
	1875.2
	12
	8
	1855.2
	9058.6 

	3
	3168
	1267.2
	12
	8
	1247.2
	6089.8 



Observation 3: For DL/UL 15kHz SCS, the maximum error tolerance of indicated BS location is about 3.9km. The tolerance is related to PRACH preamble format, longer CP length allows larger uncertainty.
Observation 4: For DL/UL 30kHz SCS, the maximum error tolerance of indicated BS location is about 1.9km. The tolerance is related to PRACH preamble format, longer CP length allows larger uncertainty.
Observation 5: For long PRACH format of 1.25kHz SCS, the maximum error tolerance of indicated BS location is about 40km. The tolerance is related to PRACH preamble format, longer CP length allows larger uncertainty.
From a comprehensive perspective of timing error budget and frequency error budget, we have the following observations:
Observation 6: For long PRACH format of 1.25kHz SCS, the bottleneck of error tolerance of indicated BS location is frequency error budget. 
· Sub-array antenna allows larger uncertainty compared with non-sub-array antenna.
· Lower frequency allows larger uncertainty.
Observation 7: For short PRACH format of 15kHz and 30kHz SCS, the bottleneck of error tolerance of indicated BS location is timing error budget. 
· Longer CP length allows larger uncertainty.
Observation 8: From a comprehensive perspective of timing error budget and frequency error budget, the BS reference location error should be within 3.9km. The exact accuracy in each specific case is attached in the attachment.
Based on our understanding, although the BS location accuracy may not impact the signaling design in RAN2, it is still benefit to have a common understanding in RAN4. If RAN2 need this information, we can sent the information in time.
Proposal 1: Although BS location error may not impact the signaling design in RAN2, it is still benefit to have a common understanding in RAN4.
3. Conclusion
Based on the discussion above, the following observations and proposals are concluded. 
Observation 1: From the perspective of frequency error:
· for the case of long PRACH format and non-sub-array antenna, the error of indicated BS location should be within 2km for 2GHz, and 0.72km for 4GHz.
· for the case of long PRACH format and sub-array antenna, the error of indicated BS location should be within 9.32km for 2GHz, and 2km for 4GHz.
Observation 2: From the perspective of frequency error:
·  for the short PRACH format, the error of indicated BS location should be within 15km for sub-array antenna, and 6km for non-sub-array antenna.
Observation 3: For DL/UL 15kHz SCS, the maximum error tolerance of indicated BS location is about 3.9km. The tolerance is related to PRACH preamble format, longer CP length allows larger uncertainty.
Observation 4: For DL/UL 30kHz SCS, the maximum error tolerance of indicated BS location is about 1.9km. The tolerance is related to PRACH preamble format, longer CP length allows larger uncertainty.
Observation 5: For long PRACH format of 1.25kHz SCS, the maximum error tolerance of indicated BS location is about 40km. The tolerance is related to PRACH preamble format, longer CP length allows larger uncertainty.
Observation 6: For long PRACH format of 1.25kHz SCS, the bottleneck of error tolerance of indicated BS location is frequency error budget. 
· Sub-array antenna allows larger uncertainty compared with non-sub-array antenna.
· Lower frequency allows larger uncertainty.
Observation 7: For short PRACH format of 15kHz and 30kHz SCS, the bottleneck of error tolerance of indicated BS location is timing error budget. 
· Longer CP length allows larger uncertainty.
Observation 8: From a comprehensive perspective of timing error budget and frequency error budget, the BS reference location error should be within 3.9km. The exact accuracy in each specific case is attached in the attachment.
Proposal 1: Although BS location error may not impact the signaling design in RAN2, it is still benefit to have a common understanding in RAN4.
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5. Annex:
	[bookmark: _Hlk134973178]PRACH Format
	SCS of PRACH(kHz)
	Total D error tolerated (m)

	A1
	15
	464.8

	
	30
	203.1

	A2
	15
	1027.3

	
	30
	484.4

	A3
	15
	1589.8

	
	30
	765.6

	B1
	15
	324.2

	
	30
	132.8

	B2
	15
	605.5

	
	30
	273.4

	B3
	15
	886.7

	
	30
	414.1

	B4
	15
	1730.5

	
	30
	835.9

	C0
	15
	2324.2

	
	30
	1132.8

	C1
	15
	3902.3

	
	30
	1921.9

	0,1,2,3
	1.25
	for the case of BS non-sub-array antenna model, 2km for 2GHz, and 0.72km for 4GHz.
for the case of BS sub-array antenna model, 9.32km for 2GHz, and 2km for 4GHz.



