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[bookmark: _Ref109396001]Introduction
In RAN1#109-e, companies have provided their views on RedCap positioning from the following aspects, and progresses have been achieved mainly on the evaluation assumptions and methodologies [1].
· Use cases and target requirements for positioning for RedCap UEs
· Scenarios, evaluation assumptions and simulation parameters for RedCap UEs
· Evaluation results for RedCap UEs
· Enhancements for RedCap UEs 

In this paper, we want to continue the discussion of the above issues and present our views on the target requirements and potential enhancements for RedCap positioning.

Discussion
Target Requirements
Recall that RAN1#109 have discussed the target requirements for RedCap UEs in the email discussion [2], where consensuses have been made on the vertical position accuracy while the requirement for horizontal accuracy for IIOT is still controversial. Relevant summary made by the moderator is excerpted as follows:
	Since it does not look like we will agree to values for IIOT horizontal accuracy, we propose to start with ZTE’s proposal and have the following proposal discuss at the GTW. 
Proposal 3.4 For the study of positioning performance of RedCap UEs, the following accuracy requirements are used for performance evaluations:
0. IIOT: Horizontal position accuracy (< X m), vertical position accuracy (< 1 m) for [90%] of UEs  
0. FFS: X
0. Commercial: Horizontal position accuracy (< Y m), vertical position accuracy (<  3m) for 90% of UEs
0. FFS: Y   



For RedCap UE, some typical use cases and specific requirements were discussed and identified in Rel-17 RedCap WI phase [3], including industrial wireless sensors, video surveillance and wearables. Among these use cases, we can find the typical use cases such as sensors and wearables mostly appear in vertical domains, e.g. industrial environments. According to TS 22.104 [4], the positioning performance requirements for the RedCap-like UE (e.g. wearables in augmented reality, sensors in inbound logistics) are highlighted in Figure 2.1- 1.

[bookmark: _Ref109395283]Figure 2.1- 1 Positioning performance requirements
	Scenario
	Horizontal accuracy
	Vertical accuracy
	Availability
	Heading
	Latency for position estimation of UE
	UE speed
	Corresponding Positioning Service Level in TS 22.261 [5]

	Mobile control panels with safety functions (non-danger zones)
	< 5 m 
	< 3 m
	90 %
	n/a
	< 5 s
	n/a
	Service Level 2

	Process automation – plant asset management
	< 1 m
	< 3 m
	90 %
	n/a
	< 2 s
	< 30 km/h
	Service Level 3

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1 m (relative positioning)
	n/a
	99 %
	n/a
	1 s
	< 30 km/h
	Service Level 3

	Augmented reality in smart factories
	< 1 m
	< 3 m
	99 %
	< 0.17 rad 
	< 15 ms
	< 10 km/h
	Service Level 4

	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	< 3 m
	99.9 % 
	< 0.54 rad
	< 1 s
	n/a
	Service Level 4

	Flexible, modular assembly area in smart factories (for autonomous vehicles, only for monitoring purposes)
	< 50 cm
	< 3 m
	99 %
	n/a
	1 s
	< 30 km/h
	Service Level 5

	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of indoor autonomous driving systems))
	< 30 cm (if supported by further sensors like camera, GNSS, IMU) 
	< 3 m
	99.9 %
	n/a
	10 ms
	< 30 km/h
	Service Level 6

	Inbound logistics for manufacturing (for storage of goods)
	< 20 cm
	< 20 cm
	99 %
	n/a
	< 1 s
	< 30 km/h
	Service Level 7



Observation 1: The use cases of RedCap UEs (e.g., sensors, wearables) would require the following positioning requirements:
· Horizontal positioning accuracy: <1m
· Vertical positioning accuracy: <3m

Considering the positioning requirements for RedCap UEs, we can see some urgent requirements for IIoT use cases. For commercial uses cases, we think a comparable or more relaxed requirement can be considered. Therefore, we have the following proposal:
Proposal 1: Consider the following target requirements for RedCap positioning:
· IIoT: Horizontal position accuracy < 1 m, vertical position accuracy < 3 m for 90% of UEs  
· Commercial: Horizontal position accuracy (< 1 m), vertical position accuracy (< 3 m) for 80% of UEs

Evaluation Results
In RAN1#109-e, the following agreements has been achieved with regards to the evaluation assumption and methodologies for RedCap positioning [1].
	Agreement
For evaluation of RedCap UE positioning performances, all RAT based positioning methods can be considered. Sources should detail the chosen method(s) when presenting performance evaluations.

Agreement
For evaluation of positioning performance of redcap UEs, adopt the general parameters are detailed in the table below (seen in Table 6-1 [1])
· TBD parameters are discussed separately 

Agreement
For the evaluation of RedCap positioning, the following bandwidth can be evaluated:
· FR1: 20MHz baseline, 5MHz optional
· FR2: 100MHz

Agreement
Adopt the following table for the UE model parameters  (seen [1])

Agreement
The following scenarios are evaluated for positioning performance of Redcap
· Baseline: (Case 1): Umi street canyon, as described in Table 6.1-1-4 of 38.855
· Optional outdoor: 
· (Case 2): Uma, as described in Table 6.1-1-6 of 38.855
· (Case 3): Rma (FFS details of the scenario)
· Baseline: (Case 4): InF-SH as described in Table 6.1-1 of 38.857
· Optional indoor: (Case 5) Indoor Open Office, as described in Table 6.1-1-3 of 38.855
· Optional indoor: (Case 6) InF-DH as described in Table 6.1-1 of 38.857

Agreement
The FR2 UE antenna configuration is as follow:
·  (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1) as minimum antenna configuration (baseline)
·  (M, N, P, Mg, Ng) = (2, 2, 2, 1, 1) as optional configuration. 

Agreement
The evaluation methodology for RedCap UEs positioning performance uses DL PRS and/or UL SRS for positioning.
· The methodology does not define any baseline reference signal configuration. Sources should detail the chosen configuration of reference signal(s) when presenting performance evaluations. 

Agreement
For evaluation of positioning performance of redcap UEs in 700MHz band, the gNB antenna model is:
· gNB antenna configuration from TR38.830, (M,N,P,Mg,Ng) = (4,2,2,1,1), (dH, dV) = (0.5, 0.8)λ



According to the agreements of simulation assumptions, we provide the simulation results of achievable positioning accuracy for RedCap positioning using existing positioning methods, e.g. UL-TDOA. As is shown in Figure 2.2- 1, we compare the positioning performance of eMBB UE with 100MHz bandwidth (Case 1) and that of RedCap UE with 20MHz bandwidth (Case 2).
 Case 1. Single 100MHz
(eMBB UE)
Case 2. Single 20MHz 
(RedCap UE)

[bookmark: _Ref81830931][bookmark: _Toc100570251]Figure 2.2- 1 Simulation scenarios for the RedCap positioning
· Case 1: SRS transmission with a single 100MHz (eMBB UE).
· Case 2: SRS transmission with a single 20MHz (RedCap UE).

Table 2.2-1 shows the positioning accuracy for RedCap UEs in the InF-SH and Umi scenarios with simulation assumptions in Appendix A. Note that according to the study on NR positioning in Rel-17, the typical positioning method, e.g., DL/UL TDOA, a large bandwidth (e.g., 100MHz) would be required to achieve high accuracy positioning (sub-meter positioning accuracy).  Therefore, RedCap positioning is facing the risk of degraded positioning accuracy due to the reduced bandwidth (i.e., 20MHz), which is also shown by the deteriorated performance of Case 2a and Case 2b in Table 2.2-1. 
[bookmark: _Ref100581877][bookmark: _Ref52281493]Table 2.2- 1 Positioning accuracy comparison of different cases (UL-TDOA positioning, FR1)
	
Scenario 
	Bandwidth 
	Positioning accuracy
 (in unit of meter, with NLOS detection)

	
	
	50%
	67%
	80%
	90%

	
InF-SH
	Case 1a: 100MHz
	0.035
	0.061
	0.117
	0.258

	
	Case 2a: 20MHz
	0.632
	1.035
	1.677
	3.119

	
Umi
	Case 1b: 100MHz
	0.137
	0.244
	0.525
	2.196

	
	Case 2b: 20MHz
	1.725
	3.116
	5.526
	18.823

	Note: NLOS detection means NLOS path is deleted via some NLOS identification algorithms (such as RAIM).



Based on the simulation results of Table 2.2-1, we have the following observations:
Observation 2: In the 3GPP InF-SH Scenario, 
· At the 80% percentile, the horizontal positioning accuracy for RedCap UE degrades from 0.117 meters to 1.677 meters (with NLOS detection)
· At the 90% percentile, the horizontal positioning accuracy for RedCap UE degrades from 0.258 meters to 3.119 meters (with NLOS detection)
Observation 3: In the 3GPP Umi Scenario, 
· At the 80% percentile, the horizontal positioning accuracy for RedCap UE degrades from 0.525 meters to 5.526 meters (with NLOS detection)
· At the 90% percentile, the horizontal positioning accuracy for RedCap UE degrades from 2.196 meters to 18.823 meters (with NLOS detection)
Observation 4: Compared with eMBB UE, the positioning accuracy for RedCap UE (both in InF-SH and Umi) is seriously degraded due to the reduced bandwidth.
Proposal 2: Study RedCap based positioning to achieve high accuracy positioning to meet the target requirements.

Potential Enhancements
Based on the evaluation results, we can find there is a gap between RedCap positioning with existing methods and the target requirements. Therefore, it’s necessary to study the potential solutions to enhance the positioning accuracy for RedCap UEs. An intuitive way is to obtain a large bandwidth from different shots, among which frequency hopping (FH) solution is the most popular one. However, it may be difficult to perform an ideal coherent reception due to the phase discontinuity between different hops brought by some hardware factors. Accordingly, we propose an overlapped frequency hopping based positioning method, where there is an overlapped part in the frequency domain for two adjacent hops. Resorted to the overlapped parts, the random phase offset introduced by the frequency hopping process can be estimated and compensated. To better illustrate it, we compare several candidates on the table:
· Solution 1a: Non-overlapped FH and coherent reception
· The receiver directly combines the reference signals from different hops into a “wide-band” reference signal (e.g. 100MHz or close to 100MHz) and performs TOA measurements, regardless of the phase error.
· Solution 1b: Non-overlapped FH and non-coherent reception
· The receiver performs TOA measurement using the received “narrow-band” (e.g. 20MHz) reference signal for each hop and average all results across several hops.
· Solution 2: Overlapped FH and coherent reception
· The receiver performs phase estimation and compensation for every two adjacent hops. The final positioning result is obtained by utilizing the “wide-band” reference signal spliced by the reference signals from several hops.

Frequency Hopping Transmission
Considering the reduced bandwidth capability for RedCap UEs, we think SRS transmission in a frequency hopping can be studied to enhance the positioning performance if the random phase offset issue can be resolved, which is complexity-friendly for the UEs. Specifically, we consider the positioning performance for the following candidate solutions, where the overlapped SRS frequency hopping solution (Solution 2) can well address the random phase offset issue. The corresponding results for different scenarios (including InF-SH and Umi) are provided in Section 2.3.3.
Solution 1a. Non-overlapped FH
(coherent reception)
Solution 1b. Non-overlapped FH
(non-coherent reception)
Solution 2. Overlapped FH
(coherent reception)

[bookmark: _Hlk109725552]Figure 2.3- 1 Candidates for the RedCap positioning with frequency hopping transmission

Frequency Hopping Reception
Similarly, PRS reception in a frequency hopping way can also be considered. As shown in Figure 2.3- 2, the TRP can transmit a “wide-band” (e.g., 100MHz) PRS, while the receiver (RedCap UEs) could perform non-coherent/coherent reception to obtain the positioning results. Compared with frequency hopping transmission solutions, it may add more complexity to the RedCap UEs, e.g., the UEs are required to perform relatively high time domain resolution to achieve the high positioning accuracy. Related simulation results for different scenarios (including InF-SH and Umi) are provided in Section 2.3.3.
Solution 3a. Non-overlapped FH
(coherent reception)
Solution 3b. Non-overlapped FH
(non-coherent reception)
Solution 4. Overlapped FH
(coherent reception)

[bookmark: _Ref109725568]Figure 2.3- 2 Candidates for the RedCap positioning with frequency hopping reception

[bookmark: _Ref109759137]Simulation results
This section provides the simulation results for all the candidate solutions in different scenarios including  InF-SH and Umi in FR1.
[bookmark: _Ref109726149]Table 2.3- 1 Positioning performance of the candidate solutions for InF-SH scenario (FR1)
	
Solution
	Bandwidth 
	Positioning accuracy
 (in unit of meter, with NLOS detection)

	
	
	50%
	67%
	80%
	90%

	

Frequency Hopping Transmission
(UL-TDOA)
	Solution 1a: 20MHz x 5 hops
(Non-overlapped FH and coherent reception)
	6.497
	8.782
	12.015
	17.079

	
	Solution 1b: 20MHz x 5 hops
(Non-overlapped FH and non-coherent reception)
	0.182
	0.342
	0.687
	1.540

	
	Solution 2: 20MHz x 5 hops
(Overlapped FH and coherent reception)
	0.055
	0.097
	0.164
	0.369

	

Frequency Hopping Reception
(DL-TDOA)
	Solution 3a: 20MHz x 5 hops
(Non-overlapped FH and coherent reception)
	6.245
	8.792
	12.765
	21.082

	
	Solution 3b: 20MHz x 5 hops
(Non-overlapped FH and non-coherent reception)
	0.152
	0.295
	0.547
	1.327

	
	Solution 4: 20MHz x 5 hops
(Overlapped FH and coherent reception)
	0.048
	0.082
	0.143
	0.343



[bookmark: _Ref109726506]Table 2.3- 2 Positioning performance of the candidate solutions for Umi scenario (FR1)
	
Solution
	Bandwidth 
	Positioning accuracy
 (in unit of meter, with NLOS detection)

	
	
	50%
	67%
	80%
	90%

	

Frequency Hopping Transmission
(UL-TDOA)
	Solution 1a: 20MHz x 5 hops
(Non-overlapped FH and coherent reception)
	7.454
	12.524
	20.676
	36.231

	
	Solution 1b: 20MHz x 5 hops
(Non-overlapped FH and non-coherent reception)
	0.965
	2.028
	4.561
	12.135

	
	Solution 2: 20MHz x 5 hops
(Overlapped FH and coherent reception)
	1.787
	6.656
	18.834
	36.640

	

Frequency Hopping Reception
(DL-TDOA)
	Solution 3a: 20MHz x 5 hops
(Non-overlapped FH and coherent reception)
	7.098
	10.968
	16.332
	26.989

	
	Solution 3b: 20MHz x 5 hops
(Non-overlapped FH and non-coherent reception)
	1.662
	4.333
	8.376
	20.203

	
	Solution 4: 20MHz x 5 hops
(Overlapped FH and coherent reception)
	0.168
	0.291
	0.675
	4.285



Observation 5: In the 3GPP InF-SH Scenario, the overlapped frequency hopping SRS transmission scheme (Solution 2) or overlapped frequency hopping PRS reception scheme (Solution 4) can achieve sub-meter positioning accuracy for 90% of UEs.
Observation 6: In the 3GPP Umi Scenario, the overlapped frequency hopping PRS reception scheme (Solution 4) can achieve sub-meter positioning accuracy for 80% of UEs.
Proposal 3: Support overlapped SRS frequency hopping transmission for RedCap positioning.
Proposal 4: Support overlapped PRS frequency hopping reception for RedCap positioning.

Conclusion
In this contribution, we provide our views on the target requirements, present the evaluation results and propose the potential solutions to achieve high positioning accuracy for RedCap UEs. Based on the above analysis, we have the following observations and proposals.
Observation 1: The use cases of RedCap UEs (e.g., sensors, wearables) would require the following positioning requirements:
· Horizontal positioning accuracy: <1m
· Vertical positioning accuracy: <3m
Observation 2: In the 3GPP InF-SH Scenario, 
· At the 80% percentile, the horizontal positioning accuracy for RedCap UE degrades from 0.117 meters to 1.677 meters (with NLOS detection)
· At the 90% percentile, the horizontal positioning accuracy for RedCap UE degrades from 0.258 meters to 3.119 meters (with NLOS detection)
Observation 3: In the 3GPP Umi Scenario, 
· At the 80% percentile, the horizontal positioning accuracy for RedCap UE degrades from 0.525 meters to 5.526 meters (with NLOS detection)
· At the 90% percentile, the horizontal positioning accuracy for RedCap UE degrades from 2.196 meters to 18.823 meters (with NLOS detection)
Observation 4: Compared with eMBB UE, the positioning accuracy for RedCap UE (both in InF-SH and Umi) is seriously degraded due to the reduced bandwidth.
Observation 5: In the 3GPP InF-SH Scenario, the overlapped frequency hopping SRS transmission scheme (Solution 2) or overlapped frequency hopping PRS reception scheme (Solution 4) can achieve sub-meter positioning accuracy for 90% of UEs.
Observation 6: In the 3GPP Umi Scenario, the overlapped frequency hopping PRS reception scheme (Solution 4) can achieve sub-meter positioning accuracy for 80% of UEs.

Proposal 1: Consider the following target requirements for RedCap positioning:
· IIoT: Horizontal position accuracy < 1 m, vertical position accuracy < 3 m for 90% of UEs  
· Commercial: Horizontal position accuracy (< 1 m), vertical position accuracy (< 3 m) for 80% of UEs
Proposal 2: Study RedCap based positioning to achieve high accuracy positioning to meet the target requirements.
Proposal 3: Support overlapped SRS frequency hopping transmission for RedCap positioning.
Proposal 4: Support overlapped PRS frequency hopping reception for RedCap positioning.
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Appendix A
In this part, the simulation scenarios and parameters are presented for the evaluation of RedCap positioning.
1) Scenario
We consider an InF-SH (Indoor Factory, Sparse-clutter) scenario as follows, where the clutter density is 20%, the clutter height is set as 2m, and the clutter size is 10m. meanwhile, we also consider the UMi scenario according to 3GPP TR 38.901 (UMi scenario).
[image: ]
2) System Parameters
	System Parameters
	InF-SH
	UMi

	Carrier Frequency
	3.5 GHz
	700MHz

	Sub-Carrier Spacing
	30 kHz
	30 kHz

	Channel model
	38.901
	38.901

	Reference Signal Transmission Bandwidth
	20MHz, 100MHz
	20MHz, 100MHz

	Reference signal physical structure
	UL-SRS (comb-2, 1 symbol)
DL-PRS (comb-2, 2 symbol)
	UL-SRS (comb-2, 1 symbol)
DL-PRS (comb-2, 2 symbol)

	Number of TRPs
	18 (7 TRPs are selected for positioning)
	19 (7 TRPs are selected for positioning)

	TRP Height
	8m
	10m

	ISD (inter-station distance)
	50m
	200m

	UE Height
	1.5m
	1.5m

	Description of Measurement Algorithm
	MUSIC
	MUSIC

	Description of positioning technique / Applied positioning algorithm
	UL-TDOA/DL-TDOA/PSO
	UL-TDOA/DL-TDOA/PSO

	Network synchronization assumptions
	ideal
	ideal

	Number of UEs
	2000
	2000

	Beam-related assumption
	Tx beam sweeping
	Tx beam sweeping

	Antenna config. for TRP
	(4,4,2,1,1)
	(8,8,2,1,1)

	Antenna config. for UE
	(1,2,2,1,1)
	(1,2,2,1,1)

	Uplink power control (applied/not applied)
	Not applied
	Not applied

	Interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting

	Network synchronization assumptions
	No sync error
	No sync error

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	N/A
	N/A
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