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At the RAN#94e meeting, the SID on Study on expanded and improved NR positioning RP-213588 [1] was approved including the following objective related to RedCap positioning:
	· Positioning support for RedCap UEs, considering the following:
· Evaluate positioning performance of existing positioning procedures and measurements with RedCap UEs [RAN1]
· Based on the evaluation, assess the necessity of enhancements and, if needed, identify enhancements to help address limitations associated with for RedCap UEs [RAN1, RAN2] 


And at the RAN1#110 meeting [2], some agreements below for RedCap positioning were achieved.
	Agreement
For the purpose of the Rel-18 study 
· The target accuracy requirements for RedCap UEs for commercial use cases are defined as follows:
· Indoor and outdoor
· Horizontal position accuracy (< 3 m) for 90% of UEs
· Vertical position accuracy (< 3 m) for 90% of UEs 
· The target accuracy requirements for RedCap UEs for IIoT use cases are defined as follows:
· Horizontal position accuracy (<1 m) for 90% of UEs 
· Vertical position accuracy (< 3 m) for 90% of UEs  
· Note: the requirements may not be met in all scenarios and use cases


In this contribution, we will present our views on RedCap positioning.
Evaluation results for RedCap positioning 
Based on the scenario and assumptions agreed in previous meetings, evaluation results for RedCap positioning are shown as follows. The evaluation assumptions are captured in Appendix A. 
Evaluation results using existing measurements in InF-SH scenario
Baseline evaluation of 20MHz
First, we present the accuracy evaluation results of positioning methods of DL-TDOA/UL-TDOA/Multi-RTT using existing measurements and algorithm under 20MHz bandwidth.
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Figure 1 Horizontal accuracy performance of 20MHz bandwidth in InF-SH without RAIM and with RAIM
Table 1 Horizontal accuracy results (m) of 20MHz bandwidth in InF-SH without RAIM and with RAIM
	Cases
	
	50%
	67%
	80%
	90%

	[Case 1-1], [InF-SH], [FR1,20M],
[DL-TDOA], [without RAIM,1 Rx]
	Convex UEs
	0.185
	0.244
	0.388
	1.69

	[Case 1-2], [InF-SH], [FR1,20M], 
[DL-TDOA], [with RAIM,1 Rx]
	Convex UEs
	0.15
	0.197
	0.23
	0.32

	[Case 1-3], [InF-SH], [FR1,20M], 
[UL-TDOA], [without RAIM,1 Rx]
	Convex UEs
	0.184
	0.244
	0.388
	1.68

	[Case 1-4], [InF-SH], [FR1,20M], 
[UL-TDOA], [with RAIM,1 Rx]
	Convex UEs
	0.16
	0.21
	0.256
	0.35

	[Case 1-5], [InF-SH], [FR1,20M], [Multi-RTT], [without RAIM,1 Rx]
	Convex UEs
	0.184
	0.244
	0.388
	1.68

	[Case 1-6], [InF-SH], [FR1,20M], [Multi-RTT], [with RAIM,1 Rx]
	Convex UEs
	0.158
	0.207
	0.254
	0.34



Observation 1: 
· [bookmark: _Hlk115344706]For positioning performance of 20MHz in InF-SH using existing measurements without RAIM algorithm, the horizontal accuracy of following positioning methods can reach 2m for 90% UEs.
· For DL-TDOA positioning, horizontal accuracy can achieve {1.69m, 90%}
· For UL-TDOA positioning, horizontal accuracy can achieve {1.68m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {1.68m, 90%}
· For positioning performance of 20MHz in InF-SH using existing measurements with RAIM algorithm, the horizontal accuracy of following positioning methods can reach 1m for 90% UEs.
· For DL-TDOA positioning, horizontal accuracy can achieve {0.32m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {0.35m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {0.34m, 90%}
Observation 2: 
· The target accuracy requirement can be satisfied using existing measurements with the existing algorithm (e.g., RAIM algorithm) for RedCap UEs for IIoT use cases.
Optional evaluation of 5MHz
Then, we present the accuracy evaluation results of positioning methods of DL-TDOA/UL-TDOA/Multi-RTT using existing measurements and algorithm under 5MHz bandwidth.
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Figure 2 Horizontal accuracy performance of 5MHz bandwidth in InF-SH without RAIM and with RAIM
Table 2 Horizontal accuracy results (m) of 5MHz bandwidth in InF-SH without RAIM and with RAIM
	Cases
	
	50%
	67%
	80%
	90%

	[Case 1-7], [InF-SH], [FR1,5M], 
[DL-TDOA], [without RAIM,1 Rx]
	Convex UEs
	0.678
	1.15
	2.58
	4.96

	[Case 1-8], [InF-SH], [FR1,5M], 
[DL-TDOA], [with RAIM,1 Rx]
	Convex UEs
	0.63
	0.771
	0.933
	1.251

	[Case 1-9], [InF-SH], [FR1,5M], 
[UL-TDOA], [without RAIM,1 Rx]
	Convex UEs
	0.664
	1.04
	2.72
	4.97

	[Case 1-10], [InF-SH], [FR1,5M], [UL-TDOA], [with RAIM,1 Rx]
	Convex UEs
	0.63
	0.738
	0.934
	1.265

	[Case 1-11], [InF-SH], [FR1,5M], [Multi-RTT], [without RAIM,1 Rx]
	Convex UEs
	0.614
	0.99
	2.82
	4.963

	[Case 1-12], [InF-SH], [FR1,5M], [Multi-RTT], [with RAIM,1 Rx]
	Convex UEs
	0.61
	0.797
	0.942
	1.263


Observation 3: 
· For positioning performance of 5MHz in InF-SH using existing measurements without RAIM algorithm, the horizontal accuracy of following positioning methods can reach 5m for 90% UEs.
· For DL-TDOA positioning, horizontal accuracy can achieve {4.96m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {4.97m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {4.96m, 90%}
· For positioning performance of 5MHz in InF-SH using existing measurements with RAIM algorithm, the horizontal accuracy of following positioning methods can reach 2m for 90% UEs.
· For DL-TDOA positioning, horizontal accuracy can achieve {1.25m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {1.27m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {1.26m, 90%}

Evaluation of 1 Rx branch vs 2 Rx branches
Considering that 2 Rx branches can be optionally supported by RedCap UEs, we further evaluate the accuracy evaluation results of 2 Rx branches in InF-SH scenario with 20MHz bandwidth.
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Figure 3 Horizontal accuracy performance for DL measurement with 1Rx and 2Rx in InF-SH (without RAIM)
Table 3 Horizontal accuracy results (m) for DL measurement with 1Rx and 2Rx in InF-SH (without RAIM)
	Cases
	
	50%
	67%
	80%
	90%

	[Case 1-1], [InF-SH], [FR1,20M], [DL-TDOA], [without RAIM, 1 Rx]
	Convex UEs
	0.185
	0.244
	0.388
	1.69

	[Case 1-13], [InF-SH], [FR1,20M], [DL-TDOA], [without RAIM, 2 Rx]
	Convex UEs
	0.174
	0.225
	0.378
	1.32

	[Case 1-5], [InF-SH], [FR1,20M], [Multi-RTT], [without RAIM, 1 Rx]
	Convex UEs
	0.182
	0.234
	0.421
	1.678

	[Case 1-14], [InF-SH], [FR1,20M], [Multi-RTT], [without RAIM, 2 Rx]
	Convex UEs
	0.174
	0.222
	0.32
	1.26


As can be seen from the evaluation results, 2 Rx branches can bring further performance improvement compared to 1 Rx branch.
Observation 4: 
· For DL-TDOA and Multi-RTT positioning, 2 Rx branches can bring further performance improvement compared to 1 Rx branch
· In InF-SH scenario, for DL-TDOA positioning with 20MHz bandwidth using existing measurements without RAIM algorithm, using 2 Rx branches can bring further accuracy improvement compared to using 1 Rx branch, from 1.69m to 1.32m.
· In InF-SH scenario, for Multi-RTT positioning with 20MHz bandwidth using existing measurements without RAIM algorithm, using 2 Rx branches can bring further accuracy improvement compared to using 1 Rx branch and Multi-RTT, from 1.68m to 1.26m.

Evaluation results using existing measurements in UMi scenario
Baseline evaluation of 20MHz
In addition, we present the evaluation results using existing measurements and algorithm in UMi scenario of 20MHz bandwidth.
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Figure 4 Horizontal accuracy performance of 20MHz bandwidth in UMi without RAIM and with RAIM
Table 4 Horizontal accuracy results (m) of 20MHz bandwidth in UMi without RAIM and with RAIM
	Cases
	
	50%
	67%
	80%
	90%

	[Case 2-1], [UMi], [FR1,20M],
[DL-TDOA], [without RAIM,1 Rx]
	Convex UEs
	5.55
	6.83
	10.03
	14.66

	[Case 2-2], [UMi], [FR1,20M], 
[DL-TDOA], [with RAIM,1 Rx]
	Convex UEs
	1.768
	2.74
	3.98
	5.71

	[Case 2-3], [UMi], [FR1,20M], 
[UL-TDOA], [without RAIM,1 Rx]
	Convex UEs
	5.914
	9.07
	12.8
	20.88

	[Case 2-4], [UMi], [FR1,20M], 
[UL-TDOA], [with RAIM,1 Rx]
	Convex UEs
	2.216
	3.36
	4.7
	6.62

	[Case 2-5], [UMi], [FR1,20M], [Multi-RTT], [without RAIM,1 Rx]
	Convex UEs
	5.413
	7.51
	11.01
	17.23

	[Case 2-6], [UMi], [FR1,20M], [Multi-RTT], [with RAIM,1 Rx]
	Convex UEs
	2.138
	3.02
	4.327
	6.28


Observation 5: 
· For positioning performance of 20MHz in UMi using existing measurements without RAIM algorithm, the horizontal accuracy of following positioning methods are as follows.
· For DL-TDOA positioning, horizontal accuracy can achieve {14.66m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {20.88m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {17.23m, 90%}
· For positioning performance of 20MHz in UMi using existing measurements with RAIM algorithm, the horizontal accuracy of following positioning methods are as follows.
· For DL-TDOA positioning, horizontal accuracy can achieve {5.71m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {6.62m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {6.28m, 90%}
Observation 6: 
· The target accuracy requirement is not reached using existing measurements for RedCap UEs for UMi use cases.
Optional evaluation of 5MHz
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Figure 5 Horizontal accuracy performance of 5MHz bandwidth in UMi without RAIM and with RAIM
Table 5 Horizontal accuracy results (m) of 5MHz bandwidth in UMi without RAIM and with RAIM
	Cases
	
	50%
	67%
	80%
	90%

	[Case 2-7], [UMi], [FR1,20M],
[DL-TDOA], [without RAIM,1 Rx]
	Convex UEs
	6.13
	8.93
	13.15
	20.78

	[Case 2-8], [UMi], [FR1,20M], 
[DL-TDOA], [with RAIM,1 Rx]
	Convex UEs
	2.41
	3.69
	5.59
	9.11

	[Case 2-9], [UMi], [FR1,20M], 
[UL-TDOA], [without RAIM,1 Rx]
	Convex UEs
	9.2
	13.77
	21.13
	30.58

	[Case 2-10], [UMi], [FR1,20M], 
[UL-TDOA], [with RAIM,1 Rx]
	Convex UEs
	3.49
	5.25
	7.02
	10.55

	[Case 2-11], [UMi], [FR1,20M], [Multi-RTT], [without RAIM,1 Rx]
	Convex UEs
	7.48
	11.8
	16.66
	24.44

	[Case 2-12], [UMi], [FR1,20M], [Multi-RTT], [with RAIM,1 Rx]
	Convex UEs
	3.03
	4.53
	6.49
	9.92



Observation 7: 
· For positioning performance of 5MHz in UMi using existing measurements without RAIM algorithm, the horizontal accuracy of following positioning methods are as follows.
· For DL-TDOA positioning, horizontal accuracy can achieve {20.78m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {30.58m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {24.44m, 90%}
· For positioning performance of 5MHz in UMi using existing measurements with RAIM algorithm, the horizontal accuracy of following positioning methods are as follows.
· For DL-TDOA positioning, horizontal accuracy can achieve {9.11m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {10.55m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {9.92m, 90%}

Evaluation results using carrier phase measurement 
In RAN1#110bis-e meeting [3], the following conclusion was achieved regarding carrier phase evaluation for RedCap positioning.
	Conclusion
The evaluation results for positioning for RedCap UEs using carrier phase measurements can be captured in the TR to show whether target requirement of positioning for RedCap UEs can be met or not, but any non-RedCap-specific enhancements regarding CPP should be studied under AI 9.5.2.2 in Rel-18.
· For the modelling of error sources specific to carrier phase measurements, the evaluations assumptions agreed in AI 9.5.2.2 are reused.
· Note: Phase-difference AoD can be included in the evaluations. Support of Phase-difference AoD for CPP should be discussed under AI 9.5.2.2.


In this subsection, we present the evaluation results using carrier phase measurement in InF-SH with 20MHz bandwidth.
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Table 6 Horizontal accuracy results (m) of 20MHz bandwidth in InF-SH using carrier phase measurements
	Cases
	
	50%
	67%
	80%
	90%

	[Case 3-1], [InF-SH], [FR1,20M],
[DL-TDOA], [Ideal integer cycle]
	Convex UEs
	0.0022
	0.0031
	0.0077
	0.031

	[Case 3-1], [InF-SH], [FR1,20M], 
[DL-TDOA], [Cost function] 
	Convex UEs
	0.26
	0.36
	0.6
	1.06



Observation 8: 
· For positioning performance of 20MHz in InF-SH using carrier phase measurements, the horizontal accuracy of following positioning methods can reach target accuracy requirement of 1m.
· For accuracy with ideal integer cycle, horizontal accuracy can achieve {0.031m, 90%}
· For accuracy with cost function integer cycle estimation, horizontal accuracy can achieve {1.06m, 90%}
Potential solutions for RedCap positioning
In this section, we present our views on potential solutions for RedCap positioning.
Considerations on frequency hopping
Considering limited bandwidth of RedCap UEs, frequency hopping is proposed by companies as one of potential solutions to improve positioning accuracy. Taking DL positioning as an example, the UE measures multiple PRS subbands by frequency hopping operation, wherein the bandwidth of each subband doesn’t exceed the maximum RF bandwidth supported by the UE; then, the UE ‘stitches/aggregates’ these PRS subbands (or coherent combines multi-hops) and obtains higher measurement accuracy than a single subband. In order to hop among different PRS subbands, the UE needs to perform RF retuning operation, so the time gap between adjacent hops should not be less than the RF retuning time (e.g., 0.5ms for FR1; 0.25ms for FR2). In addition, to overcome the problem of ‘phase inconsistency’ of different hops caused by RF switching, partial bandwidth overlapping is considered in adjacent hops for estimating and compensating the phase error between each hop. An example of frequency hopping is shown below.



Figure 6 Example of frequency hopping
In RAN1#110bis meeting, the following agreements were achieved for frequency hopping.
	Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of the gap between two consecutive hops includes at least from 100us to 5ms.
· Companies should indicate if other smaller values are used in their evaluations, and justify the feasibility of smaller values

Agreement
Study the potential enhancement of the UL SRS for positioning to enable Tx frequency hopping, including but not limited to partial overlapping between hops, hopping bandwidth, time gap between frequency hopping.

Agreement
Study the potential enhancement of the DL PRS to enable Tx or Rx frequency hopping, including but not limited to impact on processing capability, hopping bandwidth in the positioning frequency layer, time gap between frequency hopping, measurement period, partial overlapping between hops.

Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of UE speed includes 3 km/h, 30 km/h, 60km/h.
· Other values are not precluded


Evaluation of frequency hopping
Then, we derived some evaluation results of frequency hopping based on the following simulation assumptions. It is noted that slot-level frequency hopping is assumed, considering enough time (e.g. 0.5ms in FR1) for the UE to complete RF retuning between hops should be ensured. In addition, additional phase errors between hops caused by different RF chains are also considered.
Table 7 Evaluation assumptions for frequency hopping with DL-TDOA in InF-SH
	Parameters
	DL-TDOA in InF-SH

	Carrier frequency/SCS
	3.5GHz/30kHz

	Baseline bandwidth without hopping
	100MHz

	Multi-hop bandwidth span
	100MHz

	Hop number
	5

	Hop bandwidth
	20MHz

	Overlapping bandwidth
	4PRB

	Rx branch
	2 Rx

	Time gap for adjacent hops
	1 slot
Optional: 4 symbols, 4 slots, 8 slots

	UE speed
	3 km/h
Optional: 30km/h, 60km/h

	Rx timing errors between hops
	No Rx timing errors between hops
Optional: 1ns, 3ns, 5ns

	Additional phase errors between hops
	Phase errors modeling: uniformly distribution between [-pi, pi] between hops 

	Other assumptions
	Fixed UE location is assumed for channel generation of different hops 


The baseline results for frequency hopping are shown below.
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Figure 7 Frequency hopping performance with 3km/h
Table 8 Evaluation results for frequency hopping with 3km/h and 1-slot time gap
	Method
	50%
	67%
	80%
	90%

	Baseline bandwidth (100MHz) without hopping
	0.033
	0.044
	0.054
	0.078

	20MHz bandwidth
	0.174
	0.225
	0.378
	1.32

	Hopping without phase error compensation
	0.83
	1.39
	2.01
	3.11

	Hopping with phase error compensation 
	0.05
	0.06
	0.07
	0.14


Based on the evaluation results of 3km/h and 1-slot time gap, it can be observed that compared with the evaluation results under the limited bandwidth (20MHz) of RedCap UE, frequency hopping can extend the effective bandwidth of RS which improves the positioning accuracy. 
Observation 9: 
· With the case of 3km/h UE speed and 1 slot gap between hops, the accuracy performance of frequency hopping is improved compared to accuracy performance of the limited bandwidth of 20MHz. 
· Compared with the accuracy of 20MHz bandwidth, the accuracy of 5 hops is improved from 1.32m to 0.14m.
· If phase errors between hops are compensated, the accuracy is improved from 3.11m to 0.14m. 
However, in practical scenarios, when applying frequency hopping, we have to consider some additional influencing factors.
· The effect of different time gaps on frequency hopping
	Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of the gap between two consecutive hops includes at least from 100us to 5ms.
· Companies should indicate if other smaller values are used in their evaluations, and justify the feasibility of smaller values


For the operation of frequency hopping, we cannot ignore the influence of Doppler. Considering the RF retuning time between hops and the configuration of the actual PRS repetition, the time gap between adjacent hops may have multiple slots. And the large distance between different hops may lead to weakening of time domain channel correlation, which leads to potential performance degradation when coherent combining multiple hops. 
Firstly, evaluation results with different time gaps between hops are shown.
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Figure 8 Frequency hopping performance with different time gap between hops
Correspondingly, the evaluation results for frequency hopping with different time gaps are captured as the following table.
Table 9 Evaluation results for frequency hopping with different time gaps between hops
	Method
	Time gap between hops
	50%
	67%
	80%
	90%

	Hopping without phase error compensation
(3km/h)
	4 symbols (140us)
	0.87
	1.51
	1.98
	2.94

	
	1 slot
	0.83
	1.44
	1.99
	3.11

	
	4 slots
	1.1
	1.63
	2.42
	3.28

	
	8 slots
	1.03
	1.73
	2.51
	3.69

	Hopping with phase error compensation
(3km/h)
	4 symbols (140us)
	0.05
	0.06
	0.07
	0.11

	
	1 slot
	0.05
	0.06
	0.07
	0.14

	
	4 slots
	0.06
	0.09
	0.14
	0.22

	
	8 slots
	0.05
	0.06
	0.14
	0.29


Observation 10: 
· Large time gap between adjacent hops results in accuracy performance degradation for frequency hopping.
· When the time gap is {4 symbols, 1 slot, 4 slots, 8 slots} with 3km/h UE speed, the accuracy performance is {0.11m, 0.14m, 0.22m, 0.29m} respectively.
· The effect of different UE speeds on frequency hopping
	Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of UE speed includes 3 km/h, 30 km/h, 60km/h.
· Other values are not precluded


Firstly, the evaluation results for existing methods with different UE speeds are captured as the following table.
Table 10 Evaluation results for existing methods with different UE speeds 
	Method
	UE speed
	50%
	67%
	80%
	90%

	Bandwidth of 100MHz 
	3km/h
	0.033
	0.044
	0.054
	0.078

	
	30km/h
	0.038
	0.046
	0.064
	0.09

	
	60km/h
	0.039
	0.047
	0.062
	0.102

	Bandwidth of 20MHz
	3km/h
	0.174
	0.225
	0.378
	1.32

	
	30km/h
	0.168
	0.219
	0.366
	1.38

	
	60km/h
	0.215
	0.271
	0.457
	1.49


Observation 11: 
· For the operation without frequency hopping, the accuracy performance is less affected by changes in UE speed (from 3km/h to 30km/h and 60km/h). 
But the time domain channel correlation of between hops also weakens, and the potential frequency hopping performance will also be affected by UE speeds. Correspondingly, we evaluated the effect of different UE speeds as follows.
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Figure 9 Frequency hopping performance with large time gap and large UE speed  
Table 11 Evaluation results for frequency hopping with large time gap and large UE speed 
	Method
	UE speed
	50%
	67%
	80%
	90%

	Hopping with phase error compensation with 4 slots time gap
	30km/h
	0.09
	0.16
	0.31
	0.74

	
	60km/h
	0.12
	0.19
	0.44
	1.22

	Hopping with phase error compensation with 8 slots time gap
	30km/h
	0.14
	0.23
	0.49
	0.93

	
	60km/h
	0.13
	0.23
	0.52
	1.33


Observation 12: 
· With large UE speed and large time gap between hops, the accuracy for frequency hopping is largely reduced, which will be large than 1m.
· With 30km/h UE speed and 4 slots time gap between hops, the accuracy performance is 0.74m .
· With 60km/h UE speed and 4 slots time gap between hops, the accuracy performance is 1.22m.
· With 30km/h UE speed and 8 slots time gap between hops, the accuracy performance is 0.93m.
· With 60km/h UE speed and 8 slots time gap between hops, the accuracy performance is 1.33m.

· The effect of Rx/Tx timing errors on frequency hopping
In addition, the influence of different timing offsets between different hops cannot be ignored. Since different hops may correspond to different UE RF chains, so different hops may be associated with different UE Rx/Tx TEGs with corresponding Rx/Tx timing errors. In addition, since there are gaps between different hops and UE is moving, UE may move slightly to different locations at different hops, which will also cause changes in the actual ToA of different hops. So, we additionally evaluate the case with different timing offsets for different hops. Specifically, the impact of Rx timing errors on frequency hopping performance based on DL-TDOA method in In-SH is evaluated. The model of Rx timing error refers to the assumptions in TR38.857 [4] as the following.
	The UE/gNB RX and TX timing error, in FR1/FR2, can be modeled as a truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1:
· T1: X ns for gNB and Y ns for UE
· X and Y are up to sources  
· Note: RX and TX timing errors are generated per panel independently
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Figure 10 Frequency hopping performance with Rx timing errors between hops under 3km/h and 1-slot gap between hops
Table 12 Evaluation results for frequency hopping with Rx timing errors between hops under 3km/h and 1-slot gap
	Method
	Rx timing errors between hops
	50%
	67%
	80%
	90%

	Hopping with phase error compensation
	No timing error
	0.05
	0.06
	0.07
	0.14

	
	1ns
	0.16
	0.19
	0.24
	0.32

	
	3ns
	0.47
	0.59
	0.74
	1.03

	
	5ns
	0.85
	1.16
	1.36
	1.74


Observation 13: 
· Rx timing errors between different hops results in large performance degradation for frequency hopping.
· When the Rx timing error is {1ns, 3ns, 5ns} with the case of 3km/h UE speed and 1-slot time gap between hops, the accuracy performance is {0.32m, 1.03m, 1.74m} respectively.
· For the case with larger than 3ns Rx timing errors between hops, the performance of frequency hopping cannot achieve the target requirement.

Feasibility analysis of frequency hopping 
According to the above simulation and analysis, it is observed that the performance of frequency hopping is impacted by Doppler, phase error and Rx/Tx timing errors. When these errors exist, compared to the performance of 20MHz bandwidth only, it is hard to get obvious performance benefits from frequency hopping, but instead even results in performance degradation. However, if frequency hopping does not bring significant accuracy improvement, the increased UE complexity, power consumption and resource overhead caused by this operation will be meaningless. In order to better realize the function of frequency hopping, it may be necessary to mitigate these errors affecting the hopping performance first, or to ensure that various errors are within acceptable thresholds. For Doppler and phase errors, with the case of low UE speed and small time gap between hops, hopping with overlapping bandwidth can be used for error compensation, and brings performance increasing towards achieving the accuracy requirement. But for Rx/Tx timing errors which also brings large performance degradation, how to eliminate such errors or ensure the errors within a certain range is unclear. 
Observation 14: 
· Frequency hopping can bring better accuracy gain only under specific conditions, e.g., with no/very small Rx/Tx timing errors, low UE speed and small time gap between hops.
Observation 15: 
· Rx/Tx timing errors between different hops result in large performance degradation for frequency hopping. However, the method to mitigate Rx/Tx timing errors between hops or ensure such error within a small range is not clear.
Besides, frequency hopping may also require RedCap UE to have greater capabilities. For example, for DL frequency hopping, UE is required to be able to coherent combining the measurement results of multiple hops in baseband, e.g., stronger FFT/IFFT capability. It is not clear whether such an operation can be supported by RedCap UE. In contrast, UL frequency hopping doesn’t require UE to have such coherent processing capability, which is more RedCap device friendly. Then, in order to ensure the performance of frequency hopping, it may also be necessary for the RedCap UE to have a very strong calibration capability, so that the errors (e.g., Rx/Tx timing errors) are within an acceptable range, which may instead require the RedCap UE to have stronger capabilities than the normal UE.
Observation 16: 
· Frequency hopping requires RedCap UE to have greater capabilities, such as
· Capabilities of coherent processing multiple hops for DL frequency hopping
· Capabilities of error calibration to ensure errors with an acceptable range
Observation 17: 
· Compared with DL frequency hopping, UL frequency hopping is more RedCap device friendly, since it doesn’t require UE to have coherent processing capability.
Moreover, frequency hopping brings more complexity and power consumption. For example, in FR1, in order to achieve the performance of 100MHz bandwidth, the UE needs to complete 5~6 times of RF retuning in a short period of time. This violates RedCap UE’s low complexity requirements and consumes more UE power. It should be known that in Rel-17 RedCap WI, in order to reduce the frequency of SSB measurement via RF retuning, the mandatory UE feature, UE-specific RRC configured DL BWP with CD-SSB or NCD-SSB, was finally introduced for RedCap UE. 
Observation 18: 
· Frequency hopping requires UE to frequently perform RF retuning in a short period of time, which may violate low complexity requirement for RedCap UE. 
Even if frequency hopping is applied, whether to conduct fast RF retuning (or symbol-level hopping) is still a problem. As far as we know, fast RF retuning (or symbol-level hopping) is not supported for communication function of RedCap UE, since NCD-SSB based measurements in RRC-configured DL BWP is eventually supported by RedCap UE, while fast RF retuning is one of solutions for the same purpose that are excluded. In our view, for a RedCap UE, the support of ‘fast RF retuning’ for positioning is better to be consistent with the support of ‘fast RF retuning’ for communication function, rather than excessively exceeding UE capabilities. In addition, fast RF retuning (or symbol-level hopping) will cause symbol-level interruption or puncture. Due to non-absolute TRP synchronization and propagation delay, the PRS symbols of each TRP may not be aligned, so the symbol-level RF retuning may make the PRS of some TRPs cut off in the middle of symbols. And since PRS symbols are continuous in a slot, RF retuning time will cause multiple continuous symbols to be punctured. These punctured symbols will affect the receiving performance of PRS. By contrast, slot-level hopping is able to well protect the integrity of the PRS symbols. Therefore, we propose,
Observation 19: 
· Fast RF retuning (or symbol-level frequency hopping) is hard to be applied for the following reasons
· Inconsistent with ‘RF retuning’ operation of communication function for RedCap UE
· Performance degradation by symbol-level interruption or puncture
In addition, considering the good performance brought by the 20MHz only bandwidth and potential accuracy enhancement brought by carrier phase positioning and AI positioning in Rel-18 study, the necessity of frequency hopping for RedCap positioning accuracy enhancement is also debatable.
Observation 20:  
· The necessity of frequency hopping for RedCap positioning accuracy enhancement is debatable, considering the good performance brought by the 20MHz only bandwidth and potential accuracy enhancement brought by carrier phase positioning and AI positioning in Rel-18 study.

Considerations on power saving
For the use case of wearables, multiple days (up to 1-2 weeks) battery life is required. Hence, power saving mechanism for RedCap positioning should be considered. A common power saving mechanism is DRX. However, based on current RAN4 conclusion, PRS measurement requirement is defined independent of DRX configuration, that is, when the UE is configured with DRX, the UE also wakes up to measure PRS during the DRX inactive time. In our view, it will cause violation of power saving if the UE receives PRS regardless of DRX state. For example, in DRX mode, the UE is probably in deep sleep state and will need at least 20ms to wake up only for receiving 1 PRS occasion. The power consumption loss exceeds the benefit by far.
We evaluated the power consumption impact of DRX on positioning measurements in our companion contribution [5] in Rel-17. It can be observed that, when PRS measurement is impacted by DRX (reception 1 PRS occasion every DRX cycle (160ms)), 34.19% power saving gain is shown, comparing with PRS measurement regardless of DRX (reception 2 PRS occasions every DRX cycle (160ms)). If PRS reception is impacted by DRX, a great power saving gain will be obtained.
In current specification, except for PRS, CSI-RS for mobility and CSI-RS for CSI are impacted by DRX for power saving, which are described in TS38.214 as follows:
	CSI-RS for mobility
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer based on CSI-RS-Resource-Mobility. 
CSI-RS for CSI
If  the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter ps-TransmitOtherPeriodicCSI to report CSI with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to quantities other than 'cri-RSRP' and 'ssb-Index-RSRP' when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer also outside DRX active time for CSI to be reported;


Therefore, similarly, we think DRX impact on PRS measurement should also be considered for NR positioning enhancement. For example, the UE behavior inside/outside drx-onDurationTimer or DRX active time can be discussed at least. 
[bookmark: _Hlk529974035]In addition, the bad influence of DRX on PRS measurement cannot be ignored. The most direct impact of DRX on PRS measurement is to extend the measurement period of PRS. On the one hand, if PRS cannot be measured outside drx-onDurationTimer or active time, the number of PRS measurement instances measured by the UE within a period of time will be smaller, which may lead to a decrease in accuracy performance. On the other hand, to ensure accuracy, it takes longer time for the UE to measure the enough number of PRS measurement instances, which leads to an increase of latency. Thus, how to achieve the balance between positioning accuracy/latency requirement and power saving target is the issue we should solve. For example, for certain conditions (e.g., low mobility deployment/low UE speed/favorable RSRP/LOS conditions), the number of PRS measurement instances for a given duration (e.g., measurement period/response time) can be relaxed with negligible impact on accuracy performance, in this scenario, the UE only needs to measure the PRS within the DRX active time to report. Moreover, for positioning service with power saving requirement and loose accuracy/latency requirement, PRS measurement impacted by DRX configuration may also be applied. In these cases, the LMF may indicate a ‘switch’ for DRX impact, when the switch is turned on, the UE can only measure PRS during DRX active time; otherwise, the UE measures PRS regardless DRX configuration. Furthermore, based on above discussion, it is also better for the LMF to know about DRX configurations for better balancing power, accuracy, latency requirements and better determining PRS configurations in time domain (e.g., match with DRX).  
In addition to DRX impact on PRS measurement, DRX impact on SRS transmission for positioning and UL positioning related procedures should also be considered. In current specification, the relationship between SRS and DRX is as follows. That is, the same principle of legacy SRS transmission in CDRX for positioning SRS transmission in CDRX is reused. Periodic and SP positioning SRS is not transmitted during DRX inactive time, while aperiodic positioning SRS is transmitted regardless of the active/inactive time for DRX.
	TS38.321
1>	if drx-onDurationTimer associated with the current DRX cycle is not started as specified in this clause:
2>	if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause:
3>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214;


However, the state of ‘DRX on’ is not always stable. For example, the active time will be affected by the scheduling of the serving gNB such as drx-InactivityTimer starting from PDCCH indicating new data, and the DRX cycle will also change according to the timer or MAC CE indication, e.g., short-long DRX cycle transition due to drx-ShortCycleTimer or (long) DRX Command MAC CE, etc. Thus, there may be many SRS measurement instances that no SRS to be transmitted, but LMF and neighbouring cells doesn’t know. Meanwhile, only based on SRS configuration, the neighbouring cells still need to reserve resource to measure SRS in each measurement instance, which leads to a waste of resources. From our point of view, LMF awareness of DRX configurations and DRX state changed can be considered, so that the neighbouring cells can further obtain information on whether SRS needs to be measured in time for better resource utilization.
Considering idle/inactive state DRX can be discussed in LPHAP, so enhancements related to idle/inactive DRX can be not considered in this agenda.
Based on above analysis, we propose
Proposal 1: 
· For power saving, positioning impacted by CDRX should be considered for RedCap positioning, including:
· PRS measurement behavior inside/outside drx-onDurationTimer or DRX active time.
· LMF awareness of DRX configurations and DRX state change(e.g., short-long DRX cycle transition due to drx-ShortCycleTimer, etc.).
· Related signaling and procedure.

Other considerations 
RedCap UEs should meet the requirement of low complexity and cost. We briefly summarize the characteristics of RedCap UE as the following table.
Table 13 RedCap UE characteristics 
	Characteristics
	FR1
	FR2

	
	Baseline device
	RedCap device
	Baseline device
	RedCap device

	Max. Bandwidth
	100MHz
	20MHz
	200MHz
	100MHz

	Mini. number of Rx branches
	2 or 4, depending on the freq. band
	1 (and spec. also support 2)
	2
	1

	Max. number of DL MIMO layers
	2 or 4, depending on the freq. band
	1 for RedCap with 1Rx branch;
2 for RedCap with 2Rx branches
	2
	1

	Max. DL Modulation order
	256QAM
	64QAM
	64QAM
	64QAM

	Duplex operation
	FD-FDD, TDD
	HD-FDD, FD-FDD, TDD
	TDD
	TDD


Low complexity and cost require UE capability to support limited bandwidth such as 20MHz in FR1. Therefore, in Rel-17, in order to ensure that the common BWP bandwidth does not exceed the maximum bandwidth supported by RedCap UEs during random access procedure, separate initial DL BWP and initial UL BWP for RedCap UEs are introduced. Given that RedCap UEs may support PRS measurement or SRS transmission within initial DL/UL BWP, it is not clear which initial BWP will be used for positioning operation, e.g., separate initial BWP for RedCap UEs or common initial BWP, which can be further considered.
In addition, if Half-duplex FDD is supported, the corresponding priority or collision rules regarding DL PRS processing or SRS transmission can be considered. For example, when UE is expected to process DL PRS, the priority/collison rules between DL PRS within MG/PRS processing window and other UL transmission should be further discussed. Similarly, when UE is expected to transmit SRS, the priority/collison rules between SRS transmission and other DL reception should be further discussed.
Furthermore, carrier aggregation and dual connectivity are not supported for RedCap UEs. Therefore, in positioning, some features related to CA or DC cannot be supported anymore. For example, the type of processing window may be updated regarding the description of per UE/band/CC, since there is no difference between them when CA is not supported.
	PRS processing window type
· Type 1A refers to the determination of prioritization between DL PRS and other DL signals/channels in all OFDM symbols within the PRS processing window. The DL signals/channels from all DL CCs (per UE) are affected across LTE and NR
· Type 1B refers to the determination of prioritization between DL PRS and other DL signals/channels in all OFDM symbols within the PRS processing window. The DL signals/channels from a certain band are affected 
· Type 2 refers to the determination of prioritization between DL PRS and other DL signals/channels only in DL PRS symbols within the PRS processing window 


Based on the following discussion, we propose
Proposal 2: 
· The following aspects can be considered for RedCap positioning, including:
· Separated initial BWP support for PRS measurement and SRS transmission.
· Priority/collison rules for DL PRS processing and SRS transmission when Half-duplex FDD is supported.
· The impact of UE not supporting CA/DC.
Conclusion
In this contribution, we discuss RedCap positioning with the following observations and proposals.
Observation 1: 
· For positioning performance of 20MHz in InF-SH using existing measurements without RAIM algorithm, the horizontal accuracy of following positioning methods can reach 2m for 90% UEs.
· For DL-TDOA positioning, horizontal accuracy can achieve {1.69m, 90%}
· For UL-TDOA positioning, horizontal accuracy can achieve {1.68m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {1.68m, 90%}
· For positioning performance of 20MHz in InF-SH using existing measurements with RAIM algorithm, the horizontal accuracy of following positioning methods can reach 1m for 90% UEs.
· For DL-TDOA positioning, horizontal accuracy can achieve {0.32m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {0.35m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {0.34m, 90%}
Observation 2: 
· The target accuracy requirement can be satisfied using existing measurements with the existing algorithm (e.g., RAIM algorithm) for RedCap UEs for IIoT use cases.
Observation 3: 
· For positioning performance of 5MHz in InF-SH using existing measurements without RAIM algorithm, the horizontal accuracy of following positioning methods can reach 5m for 90% UEs.
· For DL-TDOA positioning, horizontal accuracy can achieve {4.96m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {4.97m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {4.96m, 90%}
· For positioning performance of 5MHz in InF-SH using existing measurements with RAIM algorithm, the horizontal accuracy of following positioning methods can reach 2m for 90% UEs.
· For DL-TDOA positioning, horizontal accuracy can achieve {1.25m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {1.27m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {1.26m, 90%}
Observation 4: 
· For DL-TDOA and Multi-RTT positioning, 2 Rx branches can bring further performance improvement compared to 1 Rx branch
· In InF-SH scenario, for DL-TDOA positioning with 20MHz bandwidth using existing measurements without RAIM algorithm, using 2 Rx branches can bring further accuracy improvement compared to using 1 Rx branch, from 1.69m to 1.32m.
· In InF-SH scenario, for Multi-RTT positioning with 20MHz bandwidth using existing measurements without RAIM algorithm, using 2 Rx branches can bring further accuracy improvement compared to using 1 Rx branch and Multi-RTT, from 1.68m to 1.26m.
Observation 5: 
· For positioning performance of 20MHz in UMi using existing measurements without RAIM algorithm, the horizontal accuracy of following positioning methods are as follows.
· For DL-TDOA positioning, horizontal accuracy can achieve {14.66m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {20.88m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {17.23m, 90%}
· For positioning performance of 20MHz in UMi using existing measurements with RAIM algorithm, the horizontal accuracy of following positioning methods are as follows.
· For DL-TDOA positioning, horizontal accuracy can achieve {5.71m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {6.62m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {6.28m, 90%}
Observation 6: 
· The target accuracy requirement is not reached using existing measurements for RedCap UEs for UMi use cases.
Observation 7: 
· For positioning performance of 5MHz in UMi using existing measurements without RAIM algorithm, the horizontal accuracy of following positioning methods are as follows.
· For DL-TDOA positioning, horizontal accuracy can achieve {20.78m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {30.58m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {24.44m, 90%}
· For positioning performance of 5MHz in UMi using existing measurements with RAIM algorithm, the horizontal accuracy of following positioning methods are as follows.
· For DL-TDOA positioning, horizontal accuracy can achieve {9.11m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {10.55m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {9.92m, 90%}
Observation 8: 
· For positioning performance of 20MHz in InF-SH using carrier phase measurements, the horizontal accuracy of following positioning methods can reach target accuracy requirement of 1m.
· For accuracy with ideal integer cycle, horizontal accuracy can achieve {0.031m, 90%}
· For accuracy with cost function integer cycle estimation, horizontal accuracy can achieve {1.06m, 90%}
Observation 9: 
· With the case of 3km/h UE speed and 1 slot gap between hops, the accuracy performance of frequency hopping is improved compared to accuracy performance of the limited bandwidth of 20MHz. 
· Compared with the accuracy of 20MHz bandwidth, the accuracy of 5 hops is improved from 1.32m to 0.14m.
· If phase errors between hops are compensated, the accuracy is improved from 3.11m to 0.14m. 
Observation 10: 
· Large time gap between adjacent hops results in accuracy performance degradation for frequency hopping.
· When the time gap is {4 symbols, 1 slot, 4 slots, 8 slots} with 3km/h UE speed, the accuracy performance is {0.11m, 0.14m, 0.22m, 0.29m} respectively.
Observation 11: 
· For the operation without frequency hopping, the accuracy performance is less affected by changes in UE speed (from 3km/h to 30km/h and 60km/h). 
Observation 12: 
· With large UE speed and large time gap between hops, the accuracy for frequency hopping is largely reduced, which will be large than 1m.
· With 30km/h UE speed and 4 slots time gap between hops, the accuracy performance is 0.74m .
· With 60km/h UE speed and 4 slots time gap between hops, the accuracy performance is 1.22m.
· [bookmark: _GoBack]With 30km/h UE speed and 8 slots time gap between hops, the accuracy performance is 0.93m.
· With 60km/h UE speed and 8 slots time gap between hops, the accuracy performance is 1.33m.
Observation 13: 
· Rx timing errors between different hops results in large performance degradation for frequency hopping.
· When the Rx timing error is {1ns, 3ns, 5ns} with the case of 3km/h UE speed and 1-slot time gap between hops, the accuracy performance is {0.32m, 1.03m, 1.74m} respectively.
· For the case with larger than 3ns Rx timing errors between hops, the performance of frequency hopping cannot achieve the target requirement.
Observation 14: 
· Frequency hopping can bring better accuracy gain only under specific conditions, e.g., with no/very small Rx/Tx timing errors, low UE speed, small time gap between hops.
Observation 15: 
· Rx/Tx timing errors between different hops result in large performance degradation for frequency hopping. However, the method to mitigate Rx/Tx timing errors between hops or ensure such error within a small range is not clear.
Observation 16: 
· Frequency hopping requires RedCap UE to have greater capabilities, such as
· Capabilities of coherent processing multiple hops for DL frequency hopping
· Capabilities of error calibration to ensure errors with an acceptable range
Observation 17: 
· Compared with DL frequency hopping, UL frequency hopping is more RedCap device friendly, since it doesn’t require UE to have coherent processing capability.
Observation 18: 
· Frequency hopping requires UE to frequently perform RF retuning in a short period of time, which may violate low complexity requirement for RedCap UE. 
Observation 19: 
· Fast RF retuning (or symbol-level frequency hopping) is hard to be applied for the following reasons
· Inconsistent with ‘RF retuning’ operation of communication function for RedCap UE
· Performance degradation by symbol-level interruption or puncture
Observation 20: 
· The necessity of frequency hopping for RedCap positioning accuracy enhancement is debatable, considering the good performance brought by the 20MHz only bandwidth and potential accuracy enhancement brought by carrier phase positioning and AI positioning in Rel-18 study.
Proposal 1: 
· For power saving, positioning impacted by CDRX should be considered for RedCap positioning, including:
· PRS measurement behavior inside/outside drx-onDurationTimer or DRX active time.
· LMF awareness of DRX configurations and DRX state change(e.g., short-long DRX cycle transition due to drx-ShortCycleTimer, etc.).
· Related signaling and procedure.
Proposal 2: 
· The following aspects can be considered for RedCap positioning, including:
· Separated initial BWP support for PRS measurement and SRS transmission.
· Priority/collison rules for DL PRS processing and SRS transmission when Half-duplex FDD is supported.
· The impact of UE not supporting CA/DC.
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Appendix A: evaluation assumptions
Table A.1: Evaluation assumptions using existing measurements
		Parameter
	IIOT SH scenario in FR1
For all positioning method

	Carrier frequency 
	3.5GHz

	Subcarrier spacing
	30KHz 

	Reference Signal Transmission Bandwidth
	5MHz /20MHz

	Number of cell for positioning
	5

	Selection of cell for positioning
	Max RSRP(with/without RAIM)

	Number of occasions used per positioning estimate
	1

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	taylor series

	Network synchronization assumptions
	Perfect sync

	SNR
	No SNR

	UE  antenna configuration
	dH = 0.5λ, Omni, 0dBi
for 1Rx UEs: (M, N, P, Mg, Ng) = (1, 1, 1, 1, 1)

	gNB  antenna configuration
	For 3.5GHz:
(M,N,P,Mg,Ng) = (4,4,2,1,1)
(dH, dV) = (0.5, 0.5)λ
gNB antenna model follows TR38.855 and TR38.857

	RX port
	1Rx/2Rx




	
Table A.2: Evaluation assumptions using carrier phase measurements
	Parameter
	[Case 3-1], [InF-SH]
	[Case 3-2], [InF-SH]

	Channel model 
[TS 38.855, TS 38.857]
	TS 38.857
	TS 38.857

	Carrier frequency, or Multiple carrier frequencies, GHz
	3.5G
	3.5G

	Bandwidth, MHz
	20M
	20M

	Subcarrier spacing, kHz
	30KHZ
	30KHZ

	RS signal descriptions
(PRS or posSRS, Number of OFDM symbols, Comb size)
	PRS
1 Sample
	PRS
1 Sample

	NR Carrier phase positioning method 
(DL, UL, or DL+UL(RTT))
	DL
	DL

	R16/R17 positioning method 
(if it is used together with CPP)
	DL-TDOA
	DL-TDOA

	Carrier phase estimation techniques 
(time-domain, freq-domain, references)
	freq-domain
	freq-domain

	Differential positioning techniques if used 
(e.g., single differential, double differential, etc.)  
	single differential
	single differential

	Integer ambiguity resolution techniques 
(e.g., virtual Integer ambiguity, LAMBDA, cost functions,…)
	Ideal integer cycle
	cost functions

	Multipath mitigation techniques
(e.g., first path detection, ...) 
	first path detection
	first path detection

	Single-measurement instance CPP, or multiple measurement instances CPP
	Single-measurement instance 
	Single-measurement instance 

	UE position calculation algorithm (e.g. Least squares, Taylor series, …)
	Taylor series
	Taylor series

	Network synchronization assumption (e.g., 0ns, 10ns, ..)
	0ns
	0ns

	UE/TRP Initial phase offset 
	/
	/

	CFO/Doppler
	/
	

	Oscillator-drifts
	/
	/

	ARP errors
	/
	/

	Phase Center Offsets
	/
	/

	Phase noise (FR2)
	/
	/

	Additional notes, if any
	/
	/
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