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1 Introduction
In the SID [1], the following objective is included regarding the support of positioning for RedCap UEs
· 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 the last RAN1 meeting, some simulation and design aspects have been agreed for redcap Positioning, pls refer to the annex for the details. This contribution continue to discusse aspects related to the support of positioning for RedCap UEs. 
2 Positioning accuracy requirement
Release-17 has specified support for RedCap UEs with reduced bandwidth support (i.e., 20MHz/100MHz RF BW for FR 1/FR2) and reduced complexity including reduced number of receive chains (i.e., reduced number of antennas at UE). Such UEs could support NR positioning functionality but there could be some positioning performance variation due to the change of UE capability. As indicated by [1], the 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. Thus one important work for this study item is to check whether there is a problem to support Redcap UE to do RAT-dependent positioning with current specification.
During last meeting, there were some discussions on setting the target KPI for Redcap UE positioning as comparable to Rel17 KPI. However, as the RedCap UE is defined as not a high-end device, it seems not reasonable to set its required positioning accuracy as high as the that for rel-17 normal UE. Thus, we prefer the requirement defined for normal commercial use cases in Rel16 could be used as the requirement for Redcap UE.
-	Horizontal positioning error < 3m for 80% of UEs in indoor deployment scenarios
-	Vertical positioning error < 3m for 80% of UEs in indoor deployment scenarios
-	Horizontal positioning error < 10m for 80% of UEs in outdoor deployments scenarios 
-	Vertical positioning error < 3m for 80% of UEs in outdoor deployment scenarios
Considering some improvement on the new UEs, one alternative is to raise the requirement for 90% instead of 80%. 
Proposal 1: using positioning accuracy requirement for commercial use cases defined in R16 as :
-	Horizontal positioning error < 3m for 90% of UEs in indoor deployment scenarios
-	Horizontal positioning error < 10m for 90% of UEs in outdoor deployments scenarios 
3 Impact of reduced capability
As major simulation assumptions are concluded in last meeting. The simulation based on DL-TDOA is presented below to check the performance under the 20Mhz. The simulation settings are following the agreement parameters as shown in following table.
	Parameter
	InF-SH, FR1
	UMi, FR1

	Carrier frequency
	3.5Ghz
	3.5Ghz

	Subcarrier spacing
	30KHz
	30KHz

	Reference Signal Transmission Bandwidth
	100Mhz vs 20MHz
	100Mhz vs 20MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb6
	Comb6

	Reference signal
(type of sequence, number of ports, …)
	PRS
	PRS

	Number of sites
	18
	19*3

	Number of symbols used per occasion
	 6 symbols
	6 symbols

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

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

	Network synchronization assumptions
	ideal
	ideal

	UE/gNB Tx/Rx 
Calibration Error
	ideal
	Ideal

	UE type
	Convex UE
	All UE



· For InF-SH, 
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Fig.1 – the Positioning performance under InF-SH
	BW(Hz)
	50%
	80%
	90%

	100M
	0.23
	0.37
	0.59

	20M
	0.92
	1.46
	1.71



· For UMi, 
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Fig.2 – the number of LoS path per UE under UMi.
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Fig.3 – the Positioning performance under UMi.
	BW(Hz)
	50%
	80%
	90%

	100M
	2.8
	5.9
	8.5

	20M
	5.8
	8.9
	11.9



As shown in above figures, we can see:
· For both cases, the positioning error under 20Mhz is larger than that under 100Mhz, which means the positioning performance is degraded when reducing the BW to 20MHz;
· For InF-SH case, the Redcap UE with 20Mhz could achieve <2m accuracy @90%
· For UMi case, the Redcap UE with 20Mhz could achieve <12m accuracy@90%, this could be mainly because the quite few LoS path in the UMi case, e.g., 90% of the UE cannot have <3 LoS link as shown in Fig2; 

Observation 1: the RedCap UE with 20MHz has degraded positioning accuracy compared to the case with 100MHz at least for DL-TDOA method;
Observation 2: even with performance degradation, the RedCap UE with 20MHz could still reach the proposed target for indoor case and close to the target for outdoor case. 

Potential enhancement consideration 
During last meeting, some consideration on using the FH like manner has been proposed. However, for the redcap UE, it cannot jump over the different BW as operating in small sub-BW within a larger BWP, and without switching time gap. As shown in following figure case (a), the different PRS FH part (e.g., FH 1, 2, 3, 4) should be consecutive in time domain. This could be beneficial for combine the different PRS in different OFDM symbols assuming the same/similar channel response within a limited time. Nonetheless, for the case (b) in which the FH part is operating based BWP, e.g., different FH part switching needs to consider the TimeGap for BWP switching. In existing NR, the TimeGap could be as large as in slot level, this is totally not desirable for positioning purpose using the different FH part.               
[image: ]
Fig 4 – Illustration of FH based method
Proposal 2: for considering the FH-like adaption to reduced bandwidth, the impact of the TimeGap between different FH part in different BWP should be studied. 
4 Conclusion
The proposals made in this contribution are summarized below: 
Observation 1: the RedCap UE with 20MHz has degraded positioning accuracy compared to the case with 100MHz at least for DL-TDOA method;
Observation 2: even with performance degradation, the RedCap UE with 20MHz could still reach the proposed target for indoor case and close to the target for outdoor case. 

Proposal 1: using positioning accuracy requirement for commercial use cases defined in R16 as :
-	Horizontal positioning error < 3m for 90% of UEs in indoor deployment scenarios
-	Horizontal positioning error < 10m for 90% of UEs in outdoor deployments scenarios 
Proposal 2: for considering the FH-like adaption to reduced bandwidth, the impact of the TimeGap between different FH part in different BWP should be studied. 

Reference
[1] RP-213588, Revised SID on Study on expanded and improved NR positioning, Intel
Annex 1 – RAN1#109e agreement 

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
· TBD parameters are discussed separately 
 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
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
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



R1-2205526	Feature Lead Summary#1 for [109-e-R18-Pos-08] Positioning for RedCap Ues	Moderator (Ericsson)


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

[bookmark: _Hlk104076041]Agreement
Use 2Rx and 1Tx for baseline number of UE branches in FR2 in the UE antenna configuration table for RedCap UEs evaluation.
FFS: optional configurations for number of UE branches in FR2.
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