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1. Introduction
[bookmark: _Hlk30969022]In R16, the positioning functionality was introduced to NR system. In R17, further enhancement for positioning was studied and specified to improve the accuracy, latency, UE power consumption and so on. In RAN#93e meeting, a new SI was approved for the expanded and improved NR positioning [1]. In addition to further enhancement on the traditional dimensions for NR positioning, the main focus of this SI is to expand the NR positioning technology to more scenarios and to new types of UE. To be specifically, The R18 positioning SI focuses on three aspects:
· Slidelink positioning 
· Improved accuracy, integrity and power efficiency for NR positioning
· Positioning support for RedCap UE
For the expanding of positioning to new types of UE, R18 SID focuses on the positioning support for RedCap UEs, and the corresponding objective is captured as below [1]:
	· 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]


According to the above objective, RAN1 will evaluate the performance of existing positioning method for RedCap UEs and then decide whether some enhancement is needed or not based on the evaluation results. Thus, in this contribution, we will discuss different aspects of the positioning support for RedCap UEs and also provide some initial evaluation results for IIoT scenarios. 
2. Requirement and scenario
With the aim to reduce the cost and complexity of UE and to popularize NR devices for a considerable number of applications, NR R17 introduced a new type of UE: RedCap UE. The target scenarios for the design of RedCap UEs are mainly vertical industry, smart city and wearable devices. To be specific, R17 RedCap SID identified that three of the most important use cases for RedCap UEs are wearables, industrial wireless sensors and video surveillance [2].  Accordingly, for R18 positioning study for RedCap UE, RAN1 should also focus on these three identified use cases.
The use cases of wearable include smart watches, rings, eHealth related devices, medical monitoring devices and so on. From the perspective of positioning functionality and scenarios, these typical use cases can be mainly considered as commercial use cases.  
The use cases of industrial wireless sensors include pressure sensors, humidity sensors, thermometers, motion sensors, accelerometers, actuators, etc. From the perspective of positioning functionality and scenarios, these typical use cases can be mainly considered as IIoT use cases.  
For the use case of video surveillance, the device usually has fixed location. In our understanding, the demand of positioning service is not needed for most of these cases. Even if the positioning service is required in some other cases, in our view, the requirement of positioning accuracy, reliability and latency will be looser than that for general commercial use cases (e.g., wearable use cases). Thus, we think the dedicated study for the use case of video surveillance is not needed.
In summary, we have the following proposal:
Proposal 1: Regarding the positioning support for RedCap UEs, support the following two categories of use cases:
· Commercial use cases mainly for wearables
· IIoT use cases mainly for industrial wireless sensors 
The evaluation of positioning performance for RedCap UEs should focus on the above-mentioned use cases. To save the effort, we can reuse the well-defined evaluation assumptions that were developed during the R16 an R17 positioning sessions. 
· TR 38.855 captures the output of R16 positioning study. In this TR, there are three scenarios defined for the positioning evaluation. In our understanding, we don’t need to evaluate all the three scenarios for RedCap UE. We can down-select one or two scenarios among them for RAN1 evaluation. From our view, indoor office and/or UMi street canyon can be the candidate scenario(s) for the evaluation of commercial use cases.  
· TR 38.857 captures the outputs of R17 positioning enhancement study. There are several scenarios of indoor factory (InF) used for the evaluation, e.g., InF-SH and InF-DH. We can also down-select some of them for RAN1 evaluation of RedCap UEs.
In RAN1#109e, the agreement on scenario was reached for positioning performance of RedCap UE. 
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




Moreover, we would like to suggest as in following proposal.
Proposal 2: To evaluate positioning performance of RedCap UEs, suggest FR1 as the first priority.
In order to reduce the complexity and cost, various mechanisms/simplifications were introduced for RedCap UEs. Among them, the following two aspects may have considerable impact on the performance of positioning:
· Narrow bandwidth, e.g., 20MHz in FR1
· Less Rx/Tx antennas: 1 or 2 Rx antennas, 1 Tx antennas
As the main motivation for introducing RedCap UEs is to support low-cost UEs for a considerable number of use cases, the support of positioning for RedCap UEs should not increase the cost of UEs. To comply with this principle, RAN1 should consider moderate requirements of positioning performance for RedCap UEs, rather than too stringent requirements. For the case that stringent positioning performance is needed, normal NR UE, rather than RedCap UE, can be used for positioning services.
Proposal 3: The support of positioning for RedCap UEs and any potential enhancement should not have large impact on the cost of RedCap UEs. 
Proposal 4: The requirements of positioning performance for RedCap UE should be lower than that of normal UEs.
· FFS: the exact values of requirements 
3. Initial evaluation results
In this section, we will show some initial evaluation results for the RedCap UE in indoor factory scenarios. Some assumptions for our evaluation are summarized as below: 
· DL-TDOA method
· InF-SH and InF-DH for FR1 are used 
· For InF-DH, {density, height, size} = {40%, 2m, 2m}
· Bandwidth: RedCap UE (20MHz), Normal NR UE (100MHz)
· Supper resolution method of MUSIC is used for DL RSTD estimation
· Based on PRS reception within one slot
· CHAN algorithm for positioning calculation
· Oversampling rate of 4
· No timing error / synchronization error
More evaluation assumptions can be found in Appendix. The corresponding initial evaluation results for horizontal positioning error are shown in Table 1. 
Table 1. Positioning accuracy of DL-TDOA for different types of UE
	Scenarios
	UE types
	Horizontal positioning error @90%

	InF-SH
	NR UE with 100MHz
	0.31 m

	
	RedCap UE with 20MHz
	1.12 m

	InF-DH
	NR UE with 100MHz
	1.54 m

	
	RedCap UE with 20MHz
	4.20 m


Observation 1: The positioning performance of RedCap UE with 20MHz is outperformed by that of NR UE with 100MHz. 
4. Enhancements
In RAN1#110bis-e, the following two agreements were achieved to study UL SRS for positioning and DL PRS with frequency hopping. 
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.

Proposal 5: Further study frequency hopping mechanisms on SRS for positioning and PRS for RedCap UEs to cover more bandwidth. 
5. Conclusions
In this contribution, we discussed various aspect of the positioning support for RedCap UEs, including the scenarios, requirements, and initial evaluation results. Based on the discussion, we have the following proposals:
Proposal 1:  Regarding the positioning support for RedCap UEs, support the following two categories of use cases:
· Commercial use cases mainly for wearables
· IIoT use cases mainly for industrial wireless sensors
Proposal 2: To evaluate positioning performance of RedCap UEs, suggest FR1 as the first priority.
Proposal 3: The support of positioning for RedCap UEs and any potential enhancement should not have large impact on the cost of RedCap UEs. 
Proposal 4: The requirements of positioning performance for RedCap UE should be lower than that of normal UEs.
· FFS: the exact values of requirements 
Proposal 5: Further study frequency hopping mechanisms on SRS for positioning and PRS for RedCap UEs to cover more bandwidth. 
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7. Appendix

	Carrier frequency, GHz 
	3.5GHz

	Layout 
	Hall size
	InF-SH: 
300x150 m 

InF-DH: 
120x60 m


	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m

[image: ]

	
	Room height
	10m

	Total gNB TX power, dBm
	24dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ 

	gNB antenna radiation pattern
	Single sector – Note 1

	Penetration loss
	0dB

	Number of floors
	1

	UE horizontal drop procedure
	Uniformly distributed over the horizontal evaluation area for obtaining the CDF values for positioning accuracy, The evaluation area should be 
- at least the convex hull of the horizontal BS deployment.


	UE antenna height
	Baseline: 1.5m

	UE mobility
	3km/h 

	Min gNB-UE distance (2D), m
	0m

	gNB antenna height
	Baseline: 8m

	Clutter parameters: {density [image: ][image: ], height [image: ][image: ],size [image: ][image: ]}
	Low clutter density: 
{20%, 2m, 10m}
High clutter density:
- {40%, 2m, 2m} for fixed UE antenna height and gNB antenna height
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