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Introduction
In RAN#98e meeting, the new WID on Expanded and Improved NR Positioning [1] was approved including lots of objectives. In this contribution, there were some initial discussions for RF requirements from BS and UE perspective, however there were no consensus reached during the last RAN4 meeting, In this contribution, we share our analysis and views again for further discussions.
	6.2.1.1. RF aspects [TR38.859]:
RF aspects of PRS/SRS bandwidth aggregation for intra-band contiguous carriers is studied by RAN4. Based on the study, PRS/SRS bandwidth aggregation for intra-band contiguous carriers is concluded as feasible for single chain Tx/Rx architectures at both the UE and gNB.
The assumption for a single-chain Tx architecture is that PRS/SRS resources to be aggregated are transmitted from a single Tx antenna.



	Way Forward:
· Consider conclusions in TR 38.859 and further discuss RF impairment modelling, if needed
· Identify and discuss potential RF requirement impact
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2.1. General principle
First of all, during the study item phase, it was well recognized that we need to focus on the single RF chain architecture for PRS and SRS resource aggregation in Rel-18 since multiple RF chain architecture will introduce the potential unacceptable timing error and result in the even worse positioning accuracy performance compared with its performance based on single carrier case. Even for single RF chain architecture, companies also admit that there are still some timing difference among different component carriers due to the potential group delay of PA and analog filtering etc within RF chain. Indeed this aspect has already been considered in UE RRM requirement part and captured in TR 38.859. However in the last RAN4 meeting, it was agreed not to further discuss TAE for single chain architecture even though there are still some potential group delay existing among carriers within single RF chain architecture. 
Agreement: 
· No need to discuss TAE for single RF chain architecture
· TAE refers the TAE requirements across carriers in BS specification.
From the our understanding, it was obviously that the existing TAE requirement for intra-band contiguous CA in TS 38.104 is not applicable if BS is declared with bandwidth aggregated based positioning functionality since 260ns TAE requirement for FR1 and 130ns TAE requirement for FR2-1 and 32.5 for FR2-2 should be not acceptable and not reasonable at all which will result in worse performance even compared with single carrier. 
For FR1 BS type 1-C/1-H/1-O [extracted from TS38.104 clause 6.5.3.2 ]:
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.

For FR2-1 and FR2-2 BS type 2-O [extracted from TS38.104 clause 9.6.3.3 ]::
.
Table 9.6.3.3-4: TAE requirements for BS type 2-O 
	
Requirement
	TAE

	
	60, 120 kHz SCS
(ns)
	480 kHz SCS
(ns)

	960 kHz SCS
(ns)

	MIMO transmission
	65
	32.5
	32.5

	intra-band contiguous carrier aggregation, with or without MIMO
	130
	32.5
	32.5

	intra-band non-contiguous carrier aggregation, with or without MIMO (Note) 
	260
	N/A
	N/A

	inter-band carrier aggregation, with or without MIMO
	3000
	3000
	3000

	NOTE: intra-band non-contiguous carrier aggregation is not supported for FR2-2 in this release.



Proposal 1: the existing TAE requirement for intra-band contiguous CA in TS38.104 is not applicable if BS is declared with bandwidth aggregated based positioning functionality. 
Then the next question should be what’s the exact RF requirement supposed to be specified if possible for bandwidth aggregated based positioning (note: to pick up another name for timing difference within single RF chain (e.g. group delay requirements) instead of using TAE item if necessary). In general, the basic principle to evaluate or derive the corresponding RF requirement for bandwidth aggregated based positioning should be based on the performance comparison between intra-band contiguous CA with some potential acceptable residual timing difference and single carrier. However it should be noted that even though the potential acceptable minimum RF requirement could be identified and agreed among companies by the performance evaluation methodology if possible at the end, the measurement or testing feasibility of the extremely tighten requirement for bandwidth aggregated based positioning should be also taken into account. Since if measurement uncertainty is much larger than the the RF requirement derived by the performance evaluation, then it would be still possible not to define the corresponding RF requirement for it. In such case, we could leave the corresponding requirement up to the vendors’ declaration. 
Proposal 2: to evaluate or derive the corresponding RF requirement for bandwidth aggregated based positioning should be based on the performance comparison between intra-band contiguous CA with some potential residual acceptable timing difference and single carrier.
Proposal 3: the measurement or testing feasibility of the extremely tighten requirement for bandwidth aggregated based positioning should be also taken into account.
2.2. Performance evaluation for BW aggregation based positioning in intra-band contiguous CA scenario
In the following section, some initial simulation results are provided for BW aggregation based positioning in intra-band contiguous CA scenario. Basically due to the increasing aggregated carrier bandwidth, then its positioning accuracy would be improved in certain level, however it should be also noted that, if the residual timing difference among the contiguous aggregated carriers due to the RF imperfection (e.g. group delay) within single chain is relatively large, then its achievable performance gain under the intra-band contiguous CA case could be also jeopardized even compared with single carrier case.
2.2.1 FR1 intra-band contiguous CA 
For FR1 intra-band contiguous CA case, the simulation results are shown in the following Figure 2.2.1-1 to Figure 2.2.1-3 and those detailed values at different tile of CDF curve are summarized in the following Table 2.2.1-1. The detailed simulation assumption could be found in Appendix. Based on these initial simulation results, it can be observed that with the increasing timing difference between two adjacent CCs (timing difference is modeled as STD [standard normal distribution]), the positioning accuracy would decrease correspondingly. For the case of 50MHz+50MHz (InF_SH) as shown in the Figure 2.2.1-1 below, when the relative timing difference exceeds 4ns, then the positioning accuracy of intra-band contiguous CA would be worse than that of single carrier. For the case of 100MHz+100MHz (InF_SH), as in the Figure 2.2.1-2 below, when the relative timing difference exceeds 2ns, then the positioning accuracy of intra-band contiguous CA is worse than that of single carrier (100MHz). 
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Figure 2.2.1-1 . Simulation results for 50MHz+50MHz carrier aggregation (InF_SH)
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Figure 2.2.1-2 . Simulation results for 100MHz+60MHz carrier aggregation (InF_SH)
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Figure 2.2.1-3 . Simulation results for 100MHz+100MHz carrier aggregation (InF_SH)

Table 2.2.1-1. Summary of positioning accuracy in Figure 2.2.1-1 and Figure 2.2.1-2
	
	
	Position Accuracy (m)

	Case
	Delay (ns)
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%

	50MHz+50MHz (InF_SH)
	0
	0.22
	0.29
	0.36
	0.49

	
	1
	0.25
	0.33
	0.43
	0.54

	
	2
	0.33
	0.47
	0.63
	0.98

	
	3
	0.47
	0.73
	0.89
	1.26

	
	4
	0.57
	0.85
	1.13
	1.48

	
	5
	0.75
	1.03
	1.52
	2.21

	
	6
	0.90
	1.27
	2.02
	2.87

	
	Single FL (50MHz)
	0.55
	0.75
	0.95
	1.46

	100MHz+60MHz (InF_SH)
	0
	0.112
	0.145
	0.184
	0.230

	
	1
	0.182
	0.247
	0.318
	0.400

	
	2
	0.337
	0.466
	0.585
	0.733

	
	Single FL (100MHz)
	0.217
	0.267
	0.329
	0.421

	100MHz+100MHz (InF_SH)
	0
	0.091
	0.126
	0.146
	0.186

	
	1
	0.139
	0.192
	0.246
	0.314

	
	2
	0.245
	0.350
	0.432
	0. 615

	
	Single FL (100MHz)
	0.217
	0.267
	0.329
	0.421



Observation 1: for bandwidth aggregated based positioning in FR1 intra-band contiguous CA scenario, when the relative timing difference is less than 2ns, then the positioning accuracy of intra-band contiguous CA (100+100MHz) would be better that of single carrier 100MHz . 

2.2.2 FR2 intra-band contiguous CA 
For FR2 intra-band contiguous CA case, for the case of 100MHz+100MHz (InF_SH), as in the Figure 2.2.2-1 below, when the relative timing difference exceeds 2ns, then the positioning accuracy of intra-band contiguous CA would be worse than that of single carrier similar as FR1 observation.
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Figure 2.2.1-1 . Simulation results for 50MHz+50MHz carrier aggregation (InF_SH)

Table 2.2.2-1-1. Summary of positioning accuracy in Figure 2.2.1-1
	
	
	Position Accuracy (m)

	Case
	Delay (ns)
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%

	100MHz+100MHz (InF_SH)
	0
	0.081
	0.110
	0.136
	0.187

	
	1
	0.119 
	0.170
	0.236
	0.284

	
	2
	0.215
	0.313
	0.424
	0.569

	
	Single FL (100MHz)
	0.264
	0.349
	0.413
	0.507



Observation 2: for bandwidth aggregated based positioning in FR2 intra-band contiguous CA scenario, when the relative timing difference is less than 2ns, then the positioning accuracy of intra-band contiguous CA would be better that of single carrier . 

2.3. The testability of RF requirement for carrier aggregation based positioning
As mentioned in the section 2.1, if the measurement uncertainty is larger than the specified requirement, then it would make the conformance testing a bit useless at the end. Even though it was agreed not to discuss the TAE requirement for single RF chain architecture in the previous meeting, however from our understanding that measurement uncertainty for TAE requirement as summarized below could be still applicable for timing difference requirement of bandwidth aggregated based positioning. It is quite obviously that the measurement uncertainty 25ns is much larger than 2ns timing difference requirement as proposed in observation 1 for FR1 and observation 2 for FR2. In other words, considering the measurement uncertainty, it might be impossible to test the extremely tighten timing difference requirement for bandwidth aggregated based positioning feature. 

Measurement uncertainty for FR1 BS TAE requirement [extracted from TS38.141-1 clause 4.1.2.2 ]:
Table 4.1.2.2-1: Maximum Test System uncertainty for transmitter tests
	Clause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	6.5.4 Time alignment error
	± 25ns
	



Measurement uncertainty for FR2 BS TAE requirement [extracted from TS38.141-2 clause 4.1.2.2 ]:
Table 4.1.2.2-2: Maximum OTA Test System uncertainty for FR2 OTA transmitter tests
	Clause
	Maximum OTA Test System uncertainty

	6.6.4 OTA time alignment error
	±25 ns



Observation 3: given the potential measurement uncertainty, it is quite challenging to test the extremely tighten timing difference requirement for bandwidth aggregated based positioning feature.  
Proposal 4: not to define the corresponding RF requirement from BS perspective for bandwidth aggregated based positioning feature and leave it up to the vendor declaration. 
Conclusions
In this contribution, we want to share some further consideration on bandwidth aggregated based positioning enhancement in intra-band contiguous CA and proposals are made as following:
Proposal 1: the existing TAE requirement for intra-band contiguous CA in TS38.104 is not applicable if BS is declared with bandwidth aggregated based positioning functionality. 
Proposal 2: to evaluate or derive the corresponding RF requirement for bandwidth aggregated based positioning should be based on the performance comparison between intra-band contiguous CA with some potential residual acceptable timing difference and single carrier.
Proposal 3: the measurement or testing feasibility of the extremely tighten requirement for bandwidth aggregated based positioning should be also taken into account.
Observation 1: for FR1 intra-band contiguous CA based positioning, when the relative timing difference is less than 2ns, then the positioning accuracy of intra-band contiguous CA (100+100MHz) would be better that of single carrier 100MHz .
Observation 1: for bandwidth aggregated based positioning in FR1 intra-band contiguous CA scenario, when the relative timing difference is less than 2ns, then the positioning accuracy of intra-band contiguous CA (100+100MHz) would be better that of single carrier 100MHz . 
Observation 2: for bandwidth aggregated based positioning in FR2 intra-band contiguous CA scenario, when the relative timing difference is less than 2ns, then the positioning accuracy of intra-band contiguous CA would be better that of single carrier.
Observation 3: given the potential measurement uncertainty, it is quite challenging to test the extremely tighten timing difference requirement for bandwidth aggregated based positioning feature.  
Proposal 4: not to define the corresponding RF requirement from BS perspective for bandwidth aggregated based positioning feature and leave it up to the vendor declaration. 
References
[1] RP-223549, New WID on Expanded and Improved NR Positioning, Intel Corporation, CATT, Ericsson, Approved, RAN#98e meeting.
[2] RP-223289, TR 38.859 v100: Study on expanded and improved NR positioning, Approved.
[3] R4-2303570, WF on UE RF for expanded and improved NR positioning, Intel, approved.

Appendix
Table 2  Simulation assumption for FR1-1
	Parameter
	Setting

	Scenario
	InF-SH

	Carrier frequency
	3.5GHz

	Bandwidth
	50+50MHz 
100+100MHz

	SCS
	30kHz

	Description of measurement algorithm
	MUSIC

	Description of positioning technique
	TDOA, Gauss-Newton algorithm



Table 3  Simulation assumption for FR2-1
	Parameter
	Setting

	Scenario
	InF-SH

	Carrier frequency
	28GHz

	Bandwidth
	200+200MHz

	SCS
	120kHz

	Description of measurement algorithm
	MUSIC

	Description of positioning technique
	TDOA, Gauss-Newton algorithm
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