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Introduction
[bookmark: Source][bookmark: DocumentFor]At the previous RAN1#110 meeting [1], purpose of positioning at this stage and investigation of RS hopping for positioning enhancement achieved several agreements. For the evaluation, the detailed performance metrics and template for parameters defining the scenarios were agreed also:

	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
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

Agreement
The following table is endorsed to capture the evaluation scenarios and parameters in the evaluation results section of the TR:

Table 3.2-2 evaluation scenarios and parameters template
	Parameter
	Case XYZ (channel model, FRx)

	Scenario (baseline, otherwise state any modifications)
	

	Carrier frequency
	

	Subcarrier spacing
	

	Reference Signal Transmission Bandwidth
	

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

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

	Number of sites
	

	Number of symbols used per occasion
	

	number of occasions used per positioning estimate
	

	Power-boosting level
	

	Uplink power control (applied/not applied)
	

	interference modelling (ideal muting, or other)
	

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

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

	Network synchronization assumptions
	

	UE/gNB RX and TX timing error
	

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

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

	UE antenna configuration
	

	Number of UE branches
	

	Description of enhancement solutions, if any
	

	gNB antenna configuration 
	

	UE noise figure  
	

	UE antenna height
	

	gNB antenna height
	

	Additional notes, if any
	



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. 



In this contribution, we provide our views on RS hopping and RS configuration to support positioning for RedCap UEs.

[bookmark: _GoBack]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 and reduced complexity 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 algorithms, e.g. RTT, TDOA, AOA/D, could be performed directly by RedCap UEs. But as the evaluation results shown in [2], performance of timing-based positioning algorithms has a high correlation with the bandwidth of the PRS. Then we can predict the limited reference signal transmission bandwidth of RedCap UEs has a great negative impact on the accuracy of the positioning. Worse, in Rel-18, in order to further reduce complexity of RedCap UE, the UE bandwidth would be further reduced to 5MHz in FR1, which is the same as the minimum bandwidth as the evaluations results shown in [2]. Therefore, the reduced bandwidth for RedCap UE discussed in Rel-18 is a bigger challenge to accuracy of the positioning. So it’s necessary to study the impact on the accuracy of the positioning due to a very limited bandwidth, and study the mechanism to enhance the positioning accuracy meanwhile.

In previous RAN1 discussions, some companies mentioned to use frequency hopping to benefit from frequency diversity and increase the effective bandwidth of PRS, which has already been introduced in FeMTC. In FeMTC, the frequency hopping pattern for PRS was defined, for example, the supported PRS bandwidth for frequency hopping is 6 PRB, and frequency hopping interval is one PRS occasion. To align the interpretation of PRS frequency hopping pattern between UE and base station, the hopping configuration is transmitted to UE including the number of PRS frequency hopping sub-bands, while the first sub-band is located at the centre of the system bandwidth. 

For NR RedCap UEs, if the enhancement for RedCap positioning is considered, we support to study PRS frequency hopping scheme and suggest to evaluate the performance gain of positioning accuracy provided by the PRS frequency hopping. And for the detailed hopping scheme, we can take the PRS hopping pattern and the related configuration mechanism in FeMTC as a start point. That is to say, if frequency hopping is enable or supported for RedCap UEs, the hopping configuration from higher layer should contain at least the number of frequency hopping sub-bands and the frequency domain resource and time domain resource information of each frequency hopping sub-band. In order to meet the similar positioning accuracy requirement or performance as normal UEs, more than one measurement period may be needed, accordingly causing a longer delay of the measurement reporting. So an aspect needs to be considered further to trade-off between the accuracy and delay performance of positioning.

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 sub-band hopping. Then, it’s necessary to consider whether the location of hopping sub-band 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 resource allocation in time domain and frequency domain for each frequency hopping sub-band.

If frequency hopping is enable, there may be several sub-bands in different time domain and frequency domain resources, and the effective bandwidth for PRS transmission composed with these different resources is larger. However, a new problem is introduced, a high probability that part of the effective bandwidth for PRS transmission from a cell may be occupied temporarily by other cells.  Therefore, for better utilizing the frequency resources and ensuring a high flexibility on resource allocation in frequency domain, a corresponding muting mechanism for disabling one or some of the frequency hopping sub-bands should be further studied.  
Proposal 2: For NR RedCap UEs, if frequency hopping is enable, study the muting mechanism for frequency hopping sub-bands.

2.2   PRS configuration for RedCap UEs
As mentioned in [4], reduced capability UEs may support a limited bandwidth. Then the PRS bandwidth in the PRS resource set based on the existed configuration of normal UE may be larger than the maximum bandwidth supported by the RedCap UEs. Therefore PRS configuration for RedCap UEs should be studied to align the configuration with the limited bandwidth and/or other capability related to positioning. The simplest way is to introduce a dedicated PRS configuration, but it will bring extra signaling overhead. By compromising the signaling overhead and complexity of specification, we can have different configuration schemes for different scenarios. For example, two different scenarios listed as follow are considered to maximum utilizing the exiting configuration of normal UE for RedCap UEs:
a)   RedCap UE is expected to measure the DL PRS resource within 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.
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 start PRB of the DL PRS resource 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 resources configured for normal UEs.
Proposal 3: For NR RedCap UEs, study how to reuse the PRS configuration scheme 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 resource allocation in time domain and frequency allocation domain for each frequency hopping sub-band.
Proposal 2: For NR RedCap UEs, if frequency hopping is enable, study the muting mechanism for frequency hopping sub-bands.
Proposal 3: For NR RedCap UEs, study how to reuse the PRS configuration scheme of normal UEs.
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