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Introduction
In RAN#94e meeting, one study item [RP-213588] on expanded and improved NR positioning was approved as one of Rel-18 RAN package which is led by RAN1 and it was further updated in [RP-221814] during the latest RAN#96 meeting. In this SID, RAN4 is tasked to study the following use case to improve the positioning accuracy.  During the last RAN4 meeting, there were some initial discussions for CA based positioning enhancement with some initial agreement reached in [2]. In this contribution, we want to share further views on the open issues and the feasibility to support the intra-band CA based PRS/SRS positioning enhancement. 
· Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g. timing errors, phase coherency, frequency errors, power imbalance, etc [RAN4]:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary.
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As indicated in the objective for intra-band based PRS/SRS positioning enhancement, the following RF factors e.g.timing errors, phase coherency, frequency errors, power imbalance would have the impacts on the positioning accuracy. Therefore in this contribution, we want to share some initial analysis from BS RF perspective to investigate its feasibility and its achieved performance based on the existing state of art. 
First of all, for intra-band scenario defined in the current NR/LTE specification, it consist of both intra-band contiguous CA case and intra-band non-contiguous CA case. As discussed during the last RAN4 meeting, it was agreed to prioritize intra-band contiguous CA case for PRS/SRS based positioning enhancement in this release. 

2.1. RF architecture for Intra-band contiguous CA case 
In general for the BS hardware supporting the intra-band contiguous CA as shown in Figure 2.1-1, multiple contiguous aggregated carriers could be supported by the same Tx/Rx transceivers at BS side. In other words, physical signals generated from baseband module will go through the same IF and RF Tx/Rx chain, then the timing difference/phase coherency among component carriers would be mainly impacted by group delay of PA and analog filtering in different frequency ranges. In fact, these kind of group delay difference imposed on different component carriers within intra-band contiguous CA should be quite limited.
For frequency errors among multiple aggregated contiguous carriers, this should be also negligible since the same sync source/PLL would be used for different contiguous carriers. 
For power imbalance among multiple contiguous aggregated carriers, this should be also negligible which was also agreed to be deprioritized in the following discussion in the last RAN4 meeting since intra-band contiguous CA scenario is always assumed as co-located deployment in which all carrier are transmitted from the same transmitter hardware or received by the same receiver hardware. Its amplitude response in the frequency domain should be limited which have negligible impacts on the positioning accuracy.
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Figure 2.1-1. The basic diagram for AAU/RRU for NR BS

Observation 1:
From BS hardware supporting the intra-band contiguous CA case, timing difference/phase coherency among the aggregated contiguous carriers would be mainly impacted by group delay response of PA and analog filtering in different frequency ranges. For other error source (e.g. frequency error or power imbalance) which might impact positioning accuracy , these contributing factors in intra-band contiguous CA case are negligible. 

From UE hardware perspective, its baseline hardware architecture should be similar as BS side. In other words, multiple aggregated contiguous carriers could be supported by the same Tx/Rx transceivers at UE side generally. Indeed it should be noted during the discussion of intra-band contiguous CA TAE requirement back to Release 15,  to define TAE requirements 260ns for FR1 and 130ns for FR2, the main technical motivation for specifying the strict TAE requirements in NR is based on the generic assumption of using a single RF/FFT/baseband in the UE Rx receiver which is Option A in Figure 6.5.3.2.2-2 of TR38.817-02. However it should be known that this is just the minimum RF requirements for the reception of intra-band contiguous CA carrier where the orthogonality among component carriers should be assured, in fact its achieved timing alignment errors among different component carriers could be much better than the specified minimum requirement as its dominant factors impacting the timing alignment error is mainly coming from group delay difference of PA and analog filtering. The details of  measurement results for intra-band contiguous CA would be shown in Section 2.3.
Observation 2:
From UE hardware perspective, just similar as BS side, timing difference/phase coherency among the aggregated contiguous carriers would be mainly impacted by group delay response of PA and analog filtering in different frequency ranges. For other error source (e.g. frequency error or power imbalance) which might impact positioning accuracy, these contributing factor in intra-band contiguous CA case are negligible. 

2.2. Performance evaluation for intra-band contiguous CA
During the last RAN4 meeting, there were some initial discussions on intr-band contiguous CA TAE requirements as following. From our understanding and initial evaluation results, 260ns TAE requirement for FR1 and 130ns TAE requirement for FR2 should be not acceptable and reasonable at all which will result in worse performance even compared with single carrier. In addition, as we mentioned before, the achieved performance for TAE requirement in practice is much better than what has been specified in the spec. The dominant factors contributing to TAE performance is also quite limited in practice which will not result in too high TAE.
· Studying achievable accuracy gain when TAE is within specified requirement for intra-band contiguous CA
In general, RAN4 need to study the minimum requirements to achieve the positioning accuracy improvement for intra-band contiguous CA compared with single component carrier case and its feasibility to fulfill the minimum requirements. The minimum requirement for CA based positioning could be much better that the legacy intra-band contiguous CA TAE requirements. 
Proposal 1: RAN4 need to study the minimum requirements to achieve the positioning accuracy improvement for intra-band contiguous CA compared with single component carrier case and its feasibility to fulfill the minimum requirements. The minimum requirement for CA based positioning should be much better that the legacy intra-band contiguous CA TAE requirements. 
In addition, during the last RAN4 meeting, there were some discussion for FFT assumptions for intra-band contiguous CA, however the following candidate option is not aligned with the following statement in TR 38.817-02. Indeed, for intra-band contiguous CA, the common FFT for component carriers are the basic assumption to define the requirement in the past, we don’t see its reasons to revert the basic assumption for CA based positioning in Rel-18.
Candidate option:
· Proposal: RAN4 assumes that the legacy FFT processing strategy of legacy RXs, that is one FFT processing per CC with standard FFT size, must be baseline. Processing with extended FFT-size specifically for high accuracy positioning measurement is not assumed as baseline.
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Main motivation for strict TAE is the possibility to use common FFT, but that multiple FFT will be implemented for other CA variants (non-contiguous intra band and interband) and other features (DC). TAE requirements can be relaxed for the case of separate FFT in UE.
Proposal 2: to follow the legacy assumption of the common FFT for intra-band contiguous CA in Rel-18. 

In the following section, some initial simulation results are provided for intra-band contiguous CA based positioning enhancement. Basically due to the increasing aggregated carrier bandwidth, then its positioning accuracy would be improved with certain degree, however it should be also noted that, if TAE (timing alignment error) among the contiguous aggregated carriers due to the RF imperfection is relatively large, then its achievable performance 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 its 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 simulation results, it can be observed that, with the increasing timing error between two CCs (timing error is modeled as STD [standard normal distribution]), the positioning accuracy would decrease correspondingly. For the case of 50MHz+50MHz (InF_SH), as in the Figure 2.2.1-1 below, when the relative timing alignment error 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 alignment error 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 3: for FR1 intra-band contiguous CA based positioning, when the relative timing alignment error 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 alignment error 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 4: for FR2-1 intra-band contiguous CA based positioning, when the relative timing alignment error is less than 2ns, then the positioning accuracy of intra-band contiguous CA would be better that of single carrier . 

2.3. Measurement results for intra-band contiguous CA TAE 
As mentioned in section 2.2, RAN4 need to study its feasibility to fulfill the minimum requirements as investigated in section 2.2. In the following section, we want to provide some initial measurement results to further discuss its feasibility issue.
2.3.1 FR1 intra-band contiguous CA 
The initial field testing via an existing commercial smart phone are performed on two contiguous carriers that carry SRS transmission as the following Figure 2.3.1-1. More field tests with advanced UE/gNB are ongoing. 
From these figures, it can be observed that the timing difference between the CC with 100MHz and the CC with 60MHz only is around 4Tc = 586 – 582 = 2ns for the first path. 
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Figure 2.3.1-1. Field test of SRS timing errors between one 100MHz CC and one 60MHz CC
Note: More testing data for downlink intra-band contiguous CA would be provided. Based on the state of the art, achieved timing alignment error between different bands would be around 2ns which consist of group delay response of PA and analog filtering in different frequency range and transmitter calibration error, however for intra-band contiguous CA, it should only consist of group delay response of PA and analog filtering in different frequency range, therefore it could be expected that less than 2ns timing alignment error for intra-band CA is also feasible. 
Observation 5: for FR1 intra-band contiguous CA scenario, extremely small timing difference (e.g. less than 2ns) in DL/UL between contiguous CCs is feasible.
2.3.2 FR2 intra-band contiguous CA 
As mentioned in section 2.2, for intra-band contiguous CA, physical signals generated from baseband module will go through the same IF and RF Tx/Rx chain, then the timing difference/phase coherency among candidate carriers would be mainly impacted by group delay of PA and analog filtering in different frequency ranges. In the following figure, group delay response for 26GHz is provided, it could be found that group delay between 24.25GHz, 26.263GHz and 27.5GHz, its group delay difference should be less than 0.2ns. For other RF components’ group delay response could be provided later on.
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Observation 6: for FR2 intra-band contiguous CA scenario, extremely small timing difference between contiguous CCs due to RF filtering is around 0.2ns.
Conclusions
In this contribution, we want to share some further consideration on intra-band contiguous CA based positioning enhancement and proposals are made as following:
Observation 1:
From BS hardware supporting the intra-band contiguous CA case, timing difference/phase coherency among the aggregated contiguous carriers would be mainly impacted by group delay response of PA and analog filtering in different frequency ranges. For other error source (e.g. frequency error or power imbalance) which might impact positioning accuracy , these contributing factors in intra-band contiguous CA case are negligible. 
Observation 2:
From UE hardware perspective, just similar as BS side, timing difference/phase coherency among the aggregated contiguous carriers would be mainly impacted by group delay response of PA and analog filtering in different frequency ranges. For other error source (e.g. frequency error or power imbalance) which might impact positioning accuracy, these contributing factor in intra-band contiguous CA case are negligible. 
Proposal 1: RAN4 need to study the minimum requirements to achieve the positioning accuracy improvement for intra-band contiguous CA compared with single component carrier case and its feasibility to fulfill the minimum requirements. The minimum requirement for CA based positioning should be much better that the legacy intra-band contiguous CA TAE requirements.
Proposal 2: to follow the legacy assumption of the common FFT for intra-band contiguous CA in Rel-18. 
Observation 3: for FR1 intra-band contiguous CA based positioning, when the relative timing alignment error is less than 2ns, then the positioning accuracy of intra-band contiguous CA (100+100MHz) would be better that of single carrier 100MHz . 
Observation 4: for FR2-1 intra-band contiguous CA based positioning, when the relative timing alignment error is less than 2ns, then the positioning accuracy of intra-band contiguous CA would be better that of single carrier . 
Observation 5: for FR1 intra-band contiguous CA scenario, extremely small timing difference (e.g. less than 2ns) in DL/UL between contiguous CCs is feasible.
Observation 6: for FR2 intra-band contiguous CA scenario, extremely small timing difference between contiguous CCs due to RF filtering is around 0.2ns.
Proposal 3: to conclude the feasibility to support intra-band contiguous CA based positioning and performance gain over single carrier case.
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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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