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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RANP#94e, a new study item on expanded and improved NR positioning has been approved [1]. The study item has several objectives, in which one of the objectives is:
· 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 this contribution, we provide our initial view on positioning support for RedCap UE.
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 with 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 mandatory) 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: _Toc101974878]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.
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]Proposal 1: Study the impact of RedCap UE maximum bandwidth and minimum number of Rx-branch to the positioning accuracy.
We performed an initial DL-based positioning (DL-TDOA) and investigate the impact of smaller bandwidth. The simulation parameters/assumptions of positioning accuracy in Rel-17 [2] are reused. Some of the simulation assumptions, including UE parameters may not be suitable for RedCap UE. However, at least, we can study the impact of reducing bandwidth to the positioning accuracy. RAN1 needs to define the simulation assumptions suitable for RedCap UE so that we can calibrate the results from various technical contributions. 
[bookmark: _Toc101974889]Proposal 2: RAN1 needs to define the simulation assumptions suitable for RedCap UE.
In our initial simulation, the simulation is performed in InF-SH scenario (Indoor factory with sparse clutter and high gNB). However, we reduced the bandwidth to be lower than 400 MHz (FR2 case). The results for the case of FR2 are shown in Figure 1. 
[image: ]
Figure 1: RedCap positioning simulation results in FR2, using various bandwidth size. 

Based on the result shown in Figure 1, the summary of horizontal error for specific cdf points is summarized in Table 1.
Table.1 Horizontal error (m) for X% of the UEs
	Case
	Scenarios; FR1/FR2; Comb Size; BW; PB
	50% 
	67%
	80%
	90%

	7
	InF-SH; FR2; Comb-4; 400MHz; 6dB
	0.0250 
	0.0345 
	0.0467 
	0.0863 

	13
	InF-SH; FR2; Comb-4; 100MHz; 6dB
	0.1448 
	0.1953 
	0.2556 
	0.3656

	14
	InF-SH; FR2; Comb-4; 50MHz; 6dB
	0.2019 
	0.2772 
	0.3851 
	0.7773

	15
	InF-SH; FR2; Comb-4; 20MHz; 6dB
	0.3945 
	0.6006 
	0.9000 
	1.4567



Furthermore, the simulation results for the case of FR1 are shown in Figure 2. The left and right figures are the simulation performed in InF-SH scenario and InF-DH scenario, respectively.

[image: ][image: ]
Figure 2: RedCap positioning simulation results in Indoor factory scenarios FR1, with various bandwidth size. 

From the above comparison, it can be observed that reducing the bandwidth for DL-PRS transmission also degrades the positioning accuracy. We consider it is important to define the target positioning accuracy for RedCap positioning, which may further determine whether the RedCap UE should use the same requirements as legacy NR UE or a relaxed requirement. Whether relaxed positioning requirements are acceptable for the target use-cases of RedCap UEs should also be investigated. RedCap UEs may still need to achieve high accuracy as they are expected to be used in industrial environments where high positioning accuracy is needed; for example, the same accuracy as for the legacy NR UE in IIoT use case may be needed. RedCap positioning may be able to achieve high accuracy by introducing positioning enhancement techniques for RedCap UE. We consider that this should be studied during the study item phase.
[bookmark: _Toc101974879]Observation 2: Reducing the bandwidth for DL-PRS transmission also reduces the positioning accuracy.
[bookmark: _Toc101974890]Proposal 3: RAN1 needs to define the target positioning accuracy for RedCap UE.
[bookmark: _Toc101974891]Proposal 4: Further study the positioning techniques to improve positioning accuracy of RedCap UE.
3. Conclusion

We have discussed some initial aspects on positioning support for RedCap UE. Our observations and proposals are given below:
Observation 1: RedCap UE has limitations in term of maximum supported bandwidth, minimum number of Rx branch, maximum number of DL MIMO layers, maximum modulation order, and duplexing operation.
Observation 2: Reducing the bandwidth for DL-PRS transmission also reduce the positioning accuracy.

Proposal 1: Study the impact of RedCap UE maximum bandwidth and minimum number of Rx-branch to the positioning accuracy.
Proposal 2: RAN1 needs to define the simulation assumptions suitable for RedCap UE.
Proposal 3: RAN1 needs to define the target positioning accuracy for RedCap UE.
Proposal 4: Further study the positioning techniques to improve positioning accuracy of RedCap UE.
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