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Introduction
At the previous RAN1#109-e meeting, the following agreements have been made [1],

	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.




In this contribution, we provide our initial views on positioning support for RedCap UEs.

Discussion
2.1   RedCap UEs Capability limitation and positioning enhancement
Through the Rel-17 NR RedCap work item, 3GPP has established a framework for enabling reduced capability NR devices suitable for a range of use cases, including the industrial sensors, video surveillance, and wearables use cases, with requirements on low UE complexity and sometimes also on low UE power consumption. The following UE complexity reduction features are supported in Rel-17:
· 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
· Maximum number of DL MIMO layers
· Relaxed maximum modulation order
· Duplex operation

Various existing positioning methods, e.g. RTT, TDOA, AOA/D, could be performed by RedCap UEs, but as the evaluation results shown in [2], performance of timing-based positioning methods depend on the bandwidth of the PRS, the limited reference signal transmission bandwidth has a great impact on the accuracy of the positioning. In Rel-18, in order to further reduce RedCap UE complexity, the UE bandwidth would be reduced to 5MHz in FR1, it will be a bigger challenge to accuracy of the positioning. So it’s necessary to study the impact on the accuracy of the positioning with a very limited bandwidth.

In previous RAN1 discussions, some companies mentioned to use frequency hopping to benefit from frequency diversity and increase the effective bandwidth of PRS, and LTE has introduced PRS hopping in FeMTC. In FeMTC, the supported PRS bandwidth for frequency hopping is 6 PRB, and frequency hopping interval is one PRS occasion. The hopping configuration is transmitted to UE including the number of PRS frequency hopping bands, and the first sub-band is located at the centre of the system bandwidth. 

For NR RedCap UEs, the PRS hopping pattern in LTE can be a start point. If the enhancement for RedCap positioning is considered, we support to study PRS frequency hopping and suggest to estimate the accuracy enhancement gain from the PRS frequency hopping. If frequency hopping is enable, the hopping configuration from higher layer should contain at least the number of subbands and the frequency and time information of each subband. In order to meet the similar accuracy requirement as normal UEs, several measurement periods may be needed, accordingly the measurement reporting delay is longer, so there is a balance between the accuracy and delay.
In current PRS reception procedure [3], the UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from the numerology of the active DL BWP if the measurement is made during a configured measurement gap, if frequency hopping is enable for NR RedCap UEs, there will be a RF tuning between each subband hopping, so need to consider whether the location of hopping subband in time domain should be aligned with a measurement gap. 
Proposal 1: For NR RedCap UEs, study the PRS frequency hopping scheme and consider the time and frequency allocation for each hopping subband.

If frequency hopping is enable, there may be several subbands in different time and frequency resources. However, the frequency resources of a whole PRS subband transmission from a cell may be occupied temporarily by other cells.  Therefore, for better utilizing the frequency resources, a muting mechanism for disabling one or some of the frequency hopping subbands should be further studied.  
Proposal 2: For NR RedCap UEs, if frequency hopping is enable, study the muting mechanism for subbands.

2.2   PRS configuration for RedCap UEs
Regarding PRS configuration for RedCap UEs, as mentioned in [4], reduced capability UEs may support a limited bandwidth, and the PRS bandwidth of normal UEs in the PRS resource set may be larger than the maximum bandwidth supported by RedCap UEs, so PRS configuration for RedCap UEs should be studied. Dedicated PRS configuration will bring extra message overhead, if RedCap UEs would like to reuse the PRS configuration of normal UEs, there will be two different scenarios.
a)   RedCap UE is expected to measure the DL PRS resource in a measurement gap
b)   RedCap UE is expected to measure the DL PRS outside the measurement gap in a configured PRS processing window, and the active DL BWP of RedCap has the same numerology as the DL PRS.
[bookmark: _GoBack]In scenario a), the RedCap UEs can reuse the configured starting PRB of the DL PRS resource and calculate PRS bandwidth according to the supported maximum DL bandwidth. In scenario b), the RedCap UEs need to calculate the DL PRS start PRB according to the location of the active DL BWP, and calculate the number of resource blocks configured for DL PRS transmission according to the supported maximum DL bandwidth, and then detect PRS from the part of PRS configured for normal UEs.
Proposal 3: For NR RedCap UEs, study how to reuse the PRS configuration of normal UEs

Conclusion
In this contribution, we share our views on positioning support for RedCap UEs, and the following proposals are made.
Proposal 1: For NR REDCAP UEs, study the PRS frequency hopping scheme and consider the time and frequency allocation for each hopping subband.
Proposal 2: For NR REDCAP UEs, if frequency hopping is enable, study the muting mechanism for subbands.
Proposal 3: For NR RedCap UEs, study how to reuse the PRS configuration of normal UEs
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