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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#109e [1], some agreements related to the simulation assumptions and evaluation methodology of RedCap UE positioning were made:
	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.
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



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



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

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. 

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. 
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]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.



In this contribution, we provide our view and simulation results on RedCap UE performing positioning procedure.
2. Discussion 
Redcap UE specified in Rel-17 is targeted for some specific use-cases, such as industrial wireless sensors, video surveillance, and wearables. The main intention of introducing Redcap UE is to reduce the device cost and complexity in comparison to the legacy NR UE. This is particularly for the industrial wireless sensor use-cases. Furthermore, device size reduction is also required to enable a device design with compact form factor. This is particularly for the wearable use-cases. The UE complexity reduction features that have been introduced are:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches: 1 or 2 Rx branches depending on the frequency bands and the associated legacy NR UE Rx branches in that frequency bands.
· Maximum number of DL MIMO layers:
· For a RedCap UE wla ith 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mredandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation: HD-FDD type A (Note that FD-FDD and TDD are also supported.)
[bookmark: _Toc111111840]Observation 1: RedCap UEs have limitations in term of maximum supported bandwidth, maximum number of Rx branches, maximum number of DL MIMO layers, maximum modulation order, and duplexing operation.
In addition to RedCap UEs, NR Positioning enhancements have also been introduced in Rel-17. It is a continuation of the NR positioning since it was introduced in Rel-16. The enhancements include improving the accuracy, lowering positioning latency, and improving UE power consumption. In terms of accuracy enhancements, the positioning techniques / mechanisms introduced in Rel-17 can achieve 20 cm positioning estimation accuracy in some use-cases. This is evaluated according to certain scenarios and simulation assumptions. One of the main simulation assumptions is the bandwidth of reference signals for positioning. Reference signals for positioning are positioning reference signal (PRS) and sounding reference signal for positioning (SRS-pos) for downlink and uplink direction, respectively. The bandwidths are 100 MHz and 400 MHz for FR1 and FR2, respectively. Considering RedCap UE has substantially smaller bandwidth than the aforementioned scenario, the positioning measurement / estimation performed by RedCap UE will be compromised (i.e., less positioning accuracy than the legacy NR UE). In addition to the bandwidth limitation, there are some other limitations associated with RedCap UE as described above. We consider some of the RedCap UE limitations are relevant for positioning purpose. We consider bandwidth limitations, and minimum number of Rx branches are relevant for positioning purpose. Hence, we should study these aspects during study item phase.
[bookmark: _Toc101974888][bookmark: _Toc111111861]Proposal 1: Study the impact of RedCap UE maximum bandwidth and maximum number of Rx-branch to the positioning accuracy.
In RAN1#109e, the scenarios and simulation assumptions to evaluate the positioning aspect of redcap UE were made [2]. We performed an DL-based positioning (DL-TDOA) simulation intended to investigate the performance degradation of RedCap UE in comparison to the legacy UE. The configuration and parameter setting of the legacy UE is reused from the simulation assumption of IIoT use case defined in Rel-17 [3]. For RedCap UE, we adopted the baseline assumption defined in the agreement in RAN1#109e, specifically we used 20MHz bandwidth and 1 Rx branch as baseline for RedCap UE in FR1. The simulation is carried out both in InF-SH and InF-DH scenarios. 
The first simulation results are shown in Figure 1 representing the results with legacy UE (UE) and RedCap UE (RedCap). The results are also highlighted in Table 1. Here, the horizontal errors (in meters) for {50%, 80%, 90%, 95%} of the UEs are given.

[image: ]
[bookmark: _Ref111109990]Figure 1: Horizontal Positioning Accuracy of legacy UE and RedCap UE in InF-SH and InF-DH scenarios.
[bookmark: _Ref111110128]Table 1: Horizontal error given by legacy UE and RedCap UE using DL-TDOA positioning
	Test case assumptions
	Error 50%
	Error 80%
	Error 90%
	Error 95%

	DL-TDOA FR1 InF-SH legacy UE
	0.09
	0.19
	0.37
	0.80

	DL-TDOA FR1 InF-SH RedCap UE
	0.60
	1.41
	2.48
	3.94

	DL-TDOA FR1 InF-SH legacy UE
	0.13
	1.22
	3.80
	10.75

	DL-TDOA FR1 InF-SH RedCap UE
	1.36
	5.01
	9.53
	16.12



Based on the above results, we observe a significant performance degradation from legacy UE to RedCap UE. It shows approximately 2m horizontal error increase from legacy UE to RedCap UE in InF-SH scenario (90% CDF). In InF-DH case, the horizontal error increase is even higher 5.7 m (90% CDF). It can also be observed, the performance loss (horizontal accuracy) is larger in NLOS rich environment, such as InF-DH scenario. 
[bookmark: _Toc111111841]Observation 2: Simulation results in FR1 shows a significant performance degradation from legacy UE to RedCap UE. It shows approximately 2m and 5.7 horizontal error increase in InF-SH scenario and in InF-DH scenario, respectively.
We also intended to investigate the impact of the reduced bandwidth for RedCap UE in positioning procedure. The simulation is performed in InF-SH scenario using Comb-2 PRS structure with various bandwidth setting. The results shown in Figure 2 representing the results of RedCap UE with various DL-PRS bandwidth {100MHz, 50MHz, 20MHz, 10MHz}. For the comparison purpose, we used two exceptional bandwidth, 50 MHz and 100 MHz. These bandwidths are exceeding the maximum bandwidth of the RedCap UE. The summary of the horizontal accuracy can be found in Table 2.
[image: ]
[bookmark: _Ref111110822]Figure 2: positioning simulation results in FR1, using various bandwidth size.
[bookmark: _Ref111110779]Table 2: Summary of positioning accuracy by using various bandwidth size
	Test case assumptions
	Error 50%
	Error 80%
	Error 90%
	Error 95%

	DL-TDOA FR1 InF-SH 100MHz 
	0.10
	0.22
	0.43
	1.30

	DL-TDOA FR1 InF-SH 50MHz 
	0.21
	0.44
	0.80
	1.40

	DL-TDOA FR1 InF-SH 20MHz 
	0.60
	1.41
	2.48
	3.94

	DL-TDOA FR1 InF-SH 10MHz 
	0.99
	2.21
	3.46
	5.38



It can be observed that reducing the bandwidth for DL-PRS transmission significantly degrades the positioning accuracy. For example, An accuracy of 0.43 m can be achieved using 100MHz bandwidth (a Redcap UE but with maximum bandwidth of legacy UE), while for RedCap UE with its max bandwidth of 20 MHz, the error increases by 2 m. 
[bookmark: _Toc111111842]Observation 3: Reducing the bandwidth for DL-PRS transmission significantly reduces the positioning accuracy.
We also investigated the impact of number of Rx branches in RedCap UE. We performed a simulation correspondingly, using 20MHz bandwidth with various number of Rx branches in two scenarios (Inf-SH and Inf-DH). The simulation results are shown in the Figure 3 and the horizontal errors are summarized in Table 3.
[image: ]
[bookmark: _Ref111111198]Figure 3: RedCap UE positioning simulations results in FR1, using various number of UE Rx branches. 
[bookmark: _Ref111111235]Table 3: Summary of positioning accuracy by using various Rx branch number
	Test case assumptions
	Error 50%
	Error 80%
	Error 90%
	Error 95%

	DL-TDOA FR1 InF-SH RedCap UE with 4 Rx branches
	0.54
	1.17
	1.82
	2.77

	DL-TDOA FR1 InF-SH RedCap UE with 2 Rx branches 
	0.56
	1.35
	2.27
	3.43

	DL-TDOA FR1 InF-SH RedCap UE with 1 Rx branches (baseline)
	0.60
	1.41
	2.48
	3.94

	DL-TDOA FR1 InF-DH RedCap UE with 4 Rx branches
	1.03
	3.01
	5.76
	10.50

	DL-TDOA FR1 InF-DH RedCap UE with 2 Rx branches 
	1.16
	3.60
	7.22
	12.78

	DL-TDOA FR1 InF-DH RedCap UE with 1 Rx branches (baseline)
	1.36
	5.01
	9.53
	16.12



We observed the impact of Rx branches reduction is not as severe as the impact of bandwidth reduction. In InF-SH scenario, there is only a 0.6 m accuracy loss if the antenna configuration is changed from 4 Rx branches to 1 Rx branch. 
[bookmark: _Toc111111843]Observation 4: Reducing the number of Rx branches also degrades the positioning accuracy. However, the performance loss is not as significant as reducing the bandwidth.
Given the simulation results and the agreed performance requirements for RedCap UE, we can conclude that an enhancement on RedCap positioning is needed to compensate the performance loss. Hence, the required positioning accuracy for RedCap UE can be achieved. RedCap UE can achieve high accuracy by introducing positioning enhancement techniques for RedCap UE. We consider that this should be studied during the study item phase.

[bookmark: _Toc111111844]Observation 5: Positioning enhancements are needed to compensate the performance loss and to meet the required positioning accuracy for Redcap UE.
[bookmark: _Toc111111862]Proposal 2: Further study the positioning techniques to improve positioning accuracy of RedCap UE.
3. Conclusion
We have discussed some aspects on positioning support for RedCap UE. Our observations and proposals are given below:
Observation 1: RedCap UEs have limitations in term of maximum supported bandwidth, minimum number of Rx branches, maximum number of DL MIMO layers, maximum modulation order, and duplexing operation.
Observation 2: : Simulation results in FR1 shows a significant performance degradation from legacy UE to RedCap UE. It shows approximately 2m and 5.7 horizontal error increase in InF-SH scenario and in InF-DH scenario, respectively.
Observation 3: Reducing the bandwidth for DL-PRS transmission significantly reduces the positioning accuracy.
Observation 4: Reducing the number of Rx branches also degrades the positioning accuracy. However, the performance loss is not as significant as reducing the bandwidth.
Observation 5: Positioning enhancements are needed to compensate the performance loss and to meet the required positioning accuracy for Redcap UE.

Proposal 1: Study the impact of RedCap UE maximum bandwidth and minimum number of Rx-branch to the positioning accuracy.
Proposal 2: Further study the positioning techniques to improve positioning accuracy of RedCap UE.
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