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Introduction
In RAN #94 [1], a SID defining objectives on a Study on expanded and improved NR positioning was agreed on. In the SID, the following justification for sidelink positioning was identified: 
· RedCap UEs could support NR positioning functionality but there is a gap in that the core and performance requirements have not been specified for the positioning related measurements performed by RedCap UEs, and no evaluation was performed to see how the reduced capabilities of RedCap UEs might impact eventual position accuracy. This gap is to be investigated by the present SI.
and the following objective was taken:
· [bookmark: _Hlk58595024]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]
In this contribution, we evaluate the positioning performance of RedCap UEs using DL-TDOA positioning based on an evaluation methodology agreed to in RAN1 #109-e [5] and RAN1 #110 [6], compare the positioning performance to that of a Rel-16 baseline UE and suggest enhancements to RedCap positioning to close the gap in performance between the two UE types. 
Discussion
RedCap UE overview
Release-17 has studied  and specified support for RedCap UEs with reduced bandwidth support and reduced complexity including reduced number of receive chains [2]. Table 1 below summarizes the device capability  differences between Rel-16 baseline devices and Redcap devices and highlights the differences that will affect the RedCap UE positioning performance for FR1.







[bookmark: _Ref102066286]Table 1: Rel-16 baseline and Redcap device Capabilities
	
	Rel-16 Baseline Devices
	Redcap Devices
	Affects positioning performance

	Maximum Bandwidth
	100 MHz
	20 MHz
	Yes 

	Number of Rx branches
	2
	1 or 2
	Yes

	Maximum Number of DL MIMO layers
	4
	1 or 2
	No

	Maximum DL Modulation Order
	256 QAM
	64 QAM 
256 QAM (optional)
	No

	Duplex Operations
	FD-FDD, TDD
	HD-FDD
FD-FDD
TDD
	No



From the table we see that only the maximum BW and the number of Rx antenna branches will affect the evaluation. In RAN1 #109-e [5] and RAN1 #110 [6], an evaluation methodology was agreed to in which the bandwidth and number of Rx branches for the RedCap UEs were set to the values in the table. 
 
Observation 1: Of the device capability differences between Rel-16 baseline UEs and RedCap UEs, only the maximum bandwidth and the number of Rx antenna branches affect the positioning performance.

Evaluation Methodology and Parameters
In RAN1 #109-e, the following agreements were made [5]: 

	From May 20th GTW session
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 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. 




In the following evaluation, we use the commercial use case highlighted in TR 38.857 [4] and evaluate the relative performance for the UMi street canyon scenario (case 1 above) at FR1 with ISD 200 m. For the Rel-16 baseline, we set the maximum BW to 50 MHz and use a PRS configuration of Comb-2 with 6 symbols per base station. The evaluation scenarios and  parameters are shown in Table 2 below and  detailed in the Appendix based on further agreements in RAN1 #109-e [5] and RAN1 #110 [6]. 

[bookmark: _Ref115352674]Table 2: evaluation scenarios and parameters
	Parameter
	Case 1
(FR1)

	Scenario (baseline, otherwise state any modifications)
	Umi

	Carrier frequency
	3.5 GHz

	Subcarrier spacing
	30 kHz

	Reference Signal Transmission Bandwidth
	50 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb-2 with 6 symbols per base station

	Reference signal
(type of sequence, number of ports, …)
	DL-PRS, single port

	Number of sites
	57

	Number of symbols used per occasion
	6

	number of occasions used per positioning estimate
	1

	Power-boosting level
	N/A

	Uplink power control (applied/not applied)
	N/A

	interference modelling (ideal muting, or other)
	Ideal

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

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

	Network synchronization assumptions
	Ideal

	UE/gNB RX and TX timing error
	Ideal

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Ideal beamforming

	UE antenna configuration
	(M, N, P, Mg, Ng) = (1, 1, 1, 1, 1)

	UE noise figure  
	9 dB

	UE antenna height
	1.5 m

	gNB antenna height
	10m

	Additional notes, if any
	N/A



The simulation metric is the horizontal positioning accuracy, defined as the difference between the calculated horizontal position and the actual horizontal position of a UE. 

Evaluation Results
The following figure shows the difference in horizontal positioning accuracy between a RedCap UE and a baseline Rel-16 UE.

[image: ]
Figure 1: Horizontal Accuracy for RedCap UE vs Rel-16 baseline UE

The horizontal accuracy at the 90th percentile for RedCap UEs is as follows:

Table 3: Horizontal Accuracy at 90th percentile
	
	RedCap UE
	Rel-16 baseline UE

	Horizontal Accuracy (90%)
	16 m
	8.5m



As seen, there is a positioning performance loss for this scenario and enhancements are needed to close the gap.

Observation 2: Based on the evaluation assumptions agreed to in RAN1 #109-e, the horizontal accuracy at the 90th percentile for RedCap UEs is worse than that of the Rel-16 baseline UE as follows:

Table 4: Horizontal Accuracy at 90th percentile
	
	RedCap UE
	Rel-16 baseline UE

	Horizontal Accuracy (90%)
	16 m
	8.5m



Positioning Enhancements for RedCap UEs

PRS and SRS bandwidth hopping 
In RAN1 #110, the following agreement was made [6]:
	Agreement
The potential benefits and performance gains of frequency hopping of the DL PRS and UL SRS can be investigated in release 18, which may take into account at least the following:
1. The impact of Doppler, phase offset, timing offset, power imbalance among hops
1. RedCap UE capability and complexity considerations
1. Impact of RF retuning during frequency hopping
1. Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching) for the study are FFS




In this enhancement, the effective bandwidth of the PRS/SRS transmission is increased over the physical bandwidth of the RedCap UE by enabling PRS and SRS bandwidth hopping over the larger effective bandwidth. 
PRS and SRS bandwidth hopping with tone overlap
To limit phase discontinuity in the case the bandwidths are disjoint, the PRS/SRS configuration should allow for overlapping tones. For the downlink, this could be by configuring the PRS over only the bandwidth to be measured by the RedCap UE (as shown in Figure 2 (a))  or over the entire effective bandwidth and the allowing the UE to measure over its actual bandwidth (as shown in Figure 2(b)). Note that updates to the PRS/SRS configuration (including frequency mapping and repetition, measurement gaps and muting patterns) will be needed to accommodate this enhancement. 

Capability and Complexity Considerations based including BWP switching and retuning
For the UE DL PRS processing capability, the UE reports one combination of (N, T) values per band where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE. The following sets of values for N, T and B are supported
· Values for N = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms
· Values for T = {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· Values for maximum DL PRS BW in MHz, reported by UE:
· For FR1: {5, 10, 20, 40, 50, 80, 100} MHz
· For FR2: {50, 100, 200, 400} MHz
Note: that the reporting of (N, T) values for maximum BW in MHz is not dependent on SCS.

Given need for BWP switching and/or RF retuning of the PRS/P-SRS as it spans the positioning bandwidth, the existing sets of values may need to be adjusted as the Maximum # of DL PRS resources that UE can process in a slot assumes no BWP switching (DL) or RF retuning. This may need some feedback from RAN4. 

[image: ]
[bookmark: _Ref111187664]Figure 2: PRS Bandwidth Hopping with Tone Overlap for both RedCap and non-RedCap UEs.
Proposal 1: RAN1 should update the  PRS/SRS configuration (including frequency mapping, repetition, measurement gaps and muting patterns) to accommodate PRS Bandwidth Hopping with Tone Overlap.

Proposal 2: RAN1 should update the existing sets of values for the UE DL PRS processing capability as the maximum # of DL PRS resources that UE can process in a slot assumes no BWP switching (DL) or RF retuning. This may need some feedback from RAN4.

Additional Enhancements

To address the loss in positioning performance, the following enhancements can also be additionally investigated:

Reduced accuracy requirement indication: In this enhancement, the RedCap UE may indicate that it may not require high accuracy positioning. This could be as a UE capability, in which case the LMF may configure the UE to feed back information based on other reference signals to estimate the UE position. Alternatively, it could be based on a maintenance mode (for example the UE is stationary for a certain time duration), in which case the LMF may send an indication for the UE to modify or stop measurement, transmission and feedback of positioning signals and feedback for a desired duration as shown in Figure 3. 

[image: ]
[bookmark: _Ref111188190]Figure 3: Reduced Accuracy Indication due to no movement of the RedCap UE

Group based positioning schemes: In this enhancement, RedCap UEs that are co-located (or in close proximity) to other UEs (e.g. with better positioning capability), may form a group to estimate the UE positions. This could be by jointly estimating the UE position or by delegating the estimation of the position to a “delegate UE” in the group (see Figure 4). Note that there should be an authorization by the UEs to ensure the privacy of the UEs in the group.


[image: ]
[bookmark: _Ref111188299]Figure 4: Group Based Positioning


Energy Aware Positioning: For some RedCap UEs, energy consumption is extremely important. In this enhancement, to limit energy loss due to positioning, the positioning procedure may account for the DRX cycle so as to (a) ensure that the RS configurations match the DRX ON duration  in the short and long DRX cycle as shown in Figure 5 (b)  the RS measurements occur only during a DRX active time and/or (c) for a DRX inactive time, the RS configurations match the paging cycle. 

[image: ]
[bookmark: _Ref111188350]Figure 5: Energy Aware positioning


Proposal 3: RAN1 should investigate additionally investigate the following enhancements for RedCap UE positioning: 
· Reduced accuracy requirement indication: the RedCap UE may indicate that it may not require high accuracy positioning or it is stationary and does not require any position update
· Group based positioning schemes: RedCap UEs that are co-located (or in close proximity) to other UEs (e.g. with better positioning capability), may form a group to estimate the UE positions.
· Energy Aware Positioning: the positioning procedure may account for the DRX cycle so as to (a) ensure that the RS configurations match the DRX ON duration  in the short and long DRX cycle (b)  the RS measurements occur only during a DRX active time and/or (c) for a DRX inactive time, the RS configurations match the paging cycle 


Conclusion
In this contribution, we have evaluated the positioning performance of RedCap UEs using DL-TDOA positioning and have the following observations and proposals:

Observation 1: Of the device capability differences between Rel-16 baseline UEs and RedCap UEs, only the maximum bandwidth and the number of Rx antenna branches affect the positioning performance.

Observation 2: Based on the evaluation assumptions agreed to in RAN1 #109-e, the horizontal accuracy at the 90th percentile for RedCap UEs is worse than that of the Rel-16 baseline UE as follows:

Table 5: Horizontal Accuracy at 90th percentile
	
	RedCap UE
	Rel-16 baseline UE

	Horizontal Accuracy (90%)
	16 m
	8.5m



Proposal 1: RAN1 should update the  PRS/SRS configuration (including frequency mapping, repetition, measurement gaps and muting patterns) to accommodate PRS Bandwidth Hopping with Tone Overlap.

Proposal 2: RAN1 should update the existing sets of values for the UE DL PRS processing capability as the maximum # of DL PRS resources that UE can process in a slot assumes no BWP switching (DL) or RF retuning. This may need some feedback from RAN4.

Proposal 3: RAN1 should investigate additionally investigate the following enhancements for RedCap UE positioning: 
· Reduced accuracy requirement indication: the RedCap UE may indicate that it may not require high accuracy positioning or it is stationary and does not require any position update
· Group based positioning schemes: RedCap UEs that are co-located (or in close proximity) to other UEs (e.g. with better positioning capability), may form a group to estimate the UE positions.
· Energy Aware Positioning: the positioning procedure may account for the DRX cycle so as to (a) ensure that the RS configurations match the DRX ON duration  in the short and long DRX cycle (b)  the RS measurements occur only during a DRX active time and/or (c) for a DRX inactive time, the RS configurations match the paging cycle 
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Appendix
Table 6-1: Common scenario parameters applicable for all scenarios for Redcap UEs evaluations
	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	3.5GHz, 700MHz (optional) Note 1
	28GHz Note 1

	Bandwidth, MHz
	TBD
	TBD

	Subcarrier spacing, kHz
	30KHz, 15KHz (for 700MHz carriers)
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	UE model parameters 
	
	

	UE noise figure, dB
	9dB – Note 1
	13dB – Note 1

	UE max. TX power, dBm
	23dBm – Note 1
	23dBm – Note 1
EIRP should not exceed 43 dBm.

	UE antenna radiation pattern 
	Omni, 0dBi
	Antenna model according to Table 6.1.1-2 in TR 38.855

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters.

	Network synchronization
	The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1: 0ns (perfectly synchronized), 50ns (Optional)

	UE/gNB RX and TX timing error
	(Optional) 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

Apply the timing errors as follows: 
-	For each UE drop, 
-	For each panel (in case of multiple panels)
-	Draw a random sample for the Tx error according to [-2*Y,2*Y] and another random sample for the Rx error according to the same [-2*Y,2*Y] distribution. 
-	For each gNB 
-	For each panel (in case of multiple panels)
-	Draw a random sample for the Tx error according to [-2*X,2*X] and another random sample for the Rx error according to the same [-2*X,2*X] distribution. 
-	Any additional Time varying aspects of the timing errors, if simulated, can be left up to each company to report.
-	For UE evaluation assumptions in FR2, it is assumed that the UE can receive or transmit at most from one panel at a time with a panel activation delay of 0ms.

	Note 1: 	According to TR 38.802
Note 2: 	According to TR 38.901



Agreement
For the evaluation of RedCap positioning, the following bandwidth can be evaluated:
· FR1: 20MHz baseline, 5MHz optional
· FR2: 100MHz
Agreement (further updated on May 21st as shown in red)
· Adopt the following table for the UE model parameters
	
	FR1 Specific Values
	FR2 Specific Values 

	UE model parameters 
	
	

	UE antenna configuration
	Panel model 1 – Note 1
Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
for 1Rx UEs: (M, N, P, Mg, Ng) = (1, 1, 1, 1, 1)
for 2Rx UEs: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)
	• (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. 


	UE antenna radiation pattern 
	Omni, 0dBi
	Antenna model according to Table 6.1.1-2 in TR 38.855

	Number of UE branches
	Baseline: 1Rx 1Tx
Optional: 2Rx 1 Tx
	TBD

	Note 1: According to 3GPP TR 38.802
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