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Introduction
The Rel-18 NR positioning evolution SID was agreed upon during the RAN#94-e [1] meeting, where one of the objectives included the support of positioning for RedCap devices. The following agreements were made during RAN1#109-e [2] and RAN1#110 [3] to further evaluate positioning performance for RedCap devices:
	RAN1#109-e:
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



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][bookmark: _Hlk104076125]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.

RAN1#110 Agreements
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
Agreement
CDF values for evaluations of Redcap UE Positioning scenarios are derived based on:
· The reported CDF points used as performance metrics in the evaluation include at least the 50%, 67%, 80%, 90% percentiles.
· For indoor scenarios 
· (Required): The UEs inside the convex hull of the horizontal BS deployment area.
· (Optional): All the UEs
Agreement
Endorse the templates in section 7 in R1-2207749 to collect RedCap UE positioning simulation results, with the following notes:
· The first table as endorsed in previous agreement
· Add a column to the second table for capturing whether the requirement is met or not met
· The TR editor can adjust the sections/sub-sections arrangement
· Adjust the titles of the tables to refer to RedCap UE positioning
Agreement
For the evaluation of redcap UEs in the RMa scenarios, companies should report their evaluations parameters with their results. 
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:
· The impact of Doppler, phase offset, timing offset, power imbalance among hops
· RedCap UE capability and complexity considerations
· Impact of RF retuning during frequency hopping
· Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching) for the study are FFS




This contribution provides a discussion into the evaluation assumptions as well as potential issues that need to be considered when supporting RedCap devices.
RedCap Device Characteristics
The RedCap features specified in NR Rel-17 defines reduced capability NR devices from Rel-16 to serve the needs of different use cases such as wearables, video surveillance etc., The lower cost of the RedCap devices is attributed to the small form factors of the devices, which include a reduced number of Rx antennas, RF chains, half duplex etc., while the power saving for RedCap devices is achieved using reduced PDCCH monitoring occasions, bandwidth reduction, MIMO layers, modulation order etc.  Table 1 is a summary of the comparative characteristics between Rel-16 and Rel-17 devices. 

[bookmark: _Ref102030686]Table 1: Characteristics of Rel-16 eMBB and Rel-17 RedCap devices 
	
	FR1 devices
	FR2 devices

	
	Rel-16 eMBB
	Rel-17 RedCap 
	Rel-16 eMBB
	Rel-17 RedCap

	Bandwidth 
	100 MHz
	20 MHz
	400 MHz
	100 MHz

	Rx RF chain and MIMO layers
	4
	1 or 2
	2
	1

	Modulation order (DL)
	256 QAM
	64QAM
	64QAM
	16QAM

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



Other features also consisted of a relaxed processing time and relaxed maximum number of MIMO layers. Additionally, complexity reduction was also studied in terms of different combinations of the features.

There may be impacts to the coverage of RedCap devices due to small form factors and lower cost of devices and according to the study in [3], coverage recovery schemes can vary depending on the type of deployment, e.g., FR1 or FR2, 1 or 2 Rx branches, type of DL channels, e.g., DL RACH messages.  The link budget reduction due to the limitation of the Rx antennas is compensated by time domain repetition which has been defined already from NR Rel-16 onwards with techniques such as slot-based repetition and non-slot-based repetition.  

Observation 1: Redcap UEs are designed with the aim of lowering device cost through reduced complexity. 
Requirements & Evaluation
It has been well established that high accuracy positioning requirements defined in NR Rel-16 and NR Rel-17 requires larger bandwidths which is offered by FR1 (e.g., 100 MHz) and FR2 (e.g., 400 MHz) deployments, which enable wider bandwidth and beamformed PRS/SRS transmission in order to further increase the positioning accuracy. 
The RAT-dependent positioning techniques supported in NR are summarized as follows:
· Timing-based positioning methods 
· DL-TDoA 
· Multi-RTT 
· Angular-based positioning methods
· DL-AoD
· UL-AoA
The positioning performance evaluation should also consider the above-mentioned positioning techniques for RedCap devices as the performance may vary depending on the considered UE complexity reduction features employed.  

In Rel-17, end-to-end latency was also considered as an important positioning requirement. Since the bandwidth of the RedCap devices are limited techniques such as the aggregation of PRS resources in the time domain within the same carrier may be considered. This may impact the latency of the PRS acquisition, buffering capability and related positioning procedures which is needed to achieve a higher accuracy, hence the end-to-end latency of the positioning calculation and reporting requirement for such RedCap devices needs to be also considered. Such end-to-end latency requirements need not be as stringent as Rel-17 and should be much relaxed. 

Proposal 1: Study the end-to-end positioning latency requirements for RedCap devices

The subset of positioning reference signal length, LPRS {2,4, 6, 12}, comb size, Kcomb {2, 4, 6, 12} and such combination containing  is one of {2, 2},{4, 2}, {6, 2}, {12, 2}, {4, 4}, {12, 4}, {6, 6}, {12, 6} and {12, 12}; defined in NR Rel-16 should be taken as a baseline for RedCap positioning evaluation while considering reduced Rx RF chain of 1 or 2 and associated bandwidths for the FR1 and FR2 link budget evaluation. The longer PRS length such 12 symbols maybe beneficial for the evaluation criteria in terms of coverage and accuracy improvement compared to the shorter PRS length which was primarily defined for shorter latency. 

Furthermore, the (N,T) processing capability for DL-PRS may vary for RedCap devices when compared to standard UE due to the lower hardware complexity. 

Proposal 2: RAN1 to study further processing capability enhancements based on the RedCap positioning performance evaluation with reduced bandwidths e.g., 20MHz for FR1 and 100MHz for FR2 including a reduced Rx antenna/RF chain of a single antenna.  

Proposal 3: Evaluate and study the positioning performance of RedCap devices with longer PRS symbol lengths, e.g., 12 to support RedCap devices.

During RAN1#110 [3], an agreement was made to study the gains of frequency hopping for DL-PRS and UL-SRS. The DL-PRS frequency hopping and coherent combining across different frequency hops improves RedCap positioning accuracy, given the inherent bandwidth limitation. The phase needs to be estimated and corrected before coherent combining. Doppler shifts, power imbalance and timing offsets may also further impact the overall accuracy between hops. Also the complexity and capability of RedCap UEs to store the number of time domain DL-PRS sample across different hops to perform wideband measurement should be also be discussed. PRS frequency hopping for RedCap device is realized by configuring number of DL-PRS sub-bands and then DL-PRS aggregation of sub-bands both in time and frequency are needed to achieve the subsequent wider DL-PRS bandwidth.  The timing offset arising from the reception of different DL-PRS positioning sub-bands from different TRPs may mitigated using already defined features in Rel-17 such as the TEG error compensation and other discussed concepts such as PRUs.
Proposal 4: Analyse and study the complexity and capability to perform DL-PRS hopping including storing the number of time domain PRS samples across different hops for coherent Rx combining to achieve wideband PRS measurement for RedCap devices.    
Proposal 5: RAN1 to study the hierarchical relationship of a positioning sub-band with respect to a frequency layer, TRPs and DL-PRS resource set. 
Proposal 6: The impact of the impairments such as doppler shifts, power imbalance and timing offsets on coherent Rx combining of different positioning sub-bands should be further studied.
Proposal 7: The timing offset arising from the different TRPs can already be mitigated using the already discussed Rel-17 aspects such as TEG compensation/PRUs.
Additionally, the impact of RF tuning arising during the measurement gap is a well-known issue and hence the UE needs to store DL-PRS samples from one sub-band prior to RF switching to another sub-band within one measurement gap and the stored DL-PRS samples would need to be coherently combined at the end of the measurement. 
Proposal 8: The time taken to perform RF tuning will have an impact on the number of positioning frequency hops which can be performed by the UE.  
Conclusions
The following observations are summarized as follows:
Observation 1: Redcap UEs are designed with the aim of lowering device cost through reduced complexity
The proposals are summarized as follows:
Proposal 1: Study the end-to-end positioning latency requirements for RedCap devices.

Proposal 2: RAN1 to study further processing capability enhancements based on the RedCap positioning performance evaluation with reduced bandwidths e.g., 20MHz for FR1 and 100MHz for FR2 including a reduced Rx antenna/RF chain of a single antenna.

Proposal 3: Evaluate and study the positioning performance of RedCap devices with longer PRS symbol lengths, e.g., 12 to support RedCap devices.

Proposal 4: Analyse and study the complexity and capability to perform DL-PRS hopping including storing the number of time domain PRS samples across different hops for coherent Rx combining to achieve wideband PRS measurement for RedCap devices.
Proposal 5: RAN1 to study the hierarchical relationship of a positioning sub-band with respect to a frequency layer, TRPs and DL-PRS resource set. 
Proposal 6: The impact of the impairments such as doppler shifts, power imbalance and timing offsets on coherent Rx combining of different positioning sub-bands should be further studied.

Proposal 7: The timing offset arising from the different TRPs can already be mitigated using the already discussed Rel-17 aspects such as TEG compensation/PRUs.

Proposal 8: The time taken to perform RF tuning will have an impact on the number of positioning frequency hops which can be performed by the UE.
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