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Introduction
For Rel-18, study on expanded and improved NR positioning was approved and followings were captured in SID [1]. 
	· 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 discuss positioning support for RedCap UE. Based on SID [2], the main motivation for RedCap UE is to lower the device cost and complexity compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. The RedCap UE includes wearables, industrial wireless sensors and video surveillance.
 
Discussion on positioning impact for RedCap UEs 
The capabilities of RedCap UEs can be summarized as follows: 
· Reduced maximum UE bandwidth (Max. 20 MHz for FR1, Max. 100MHz for FR2)
· Reduced minimum number of UE Rx branches (e.g. 1,2)
· Reduced maximum number of MIMO layers (e.g. 1,2)
· Relaxed maximum modulation order (e.g. 64QAM)
· Half-duplex FDD type A

Additional features such as extended DRX (eDRX) for RRC_idle/inactive states, RRM measurement relaxations for neighboring cells for RRC idle/inactive/connected states are also supported. The performance of positioning of RedCap UE is expected to be worse than that of legacy UE due to the reduced capabilities such as bandwidth, since it is common understanding that the performance of ToA estimation is proportional to size of reduced bandwidth capability. To obtain the exact amount of performance degradation, evaluation of positioning accuracy for RedCap UE is required. Besides the performance degradation in terms of accuracy, there would be additional impact on positioning such as latency and resource efficiency. Therefore performance degradation due to the reduced UE capability should be evaluated in terms of accuracy / latency / resource efficiency.
Proposal #1: 
· Discuss which of the reduced feature among RedCap UE impacts the performance of positioning in terms of accuracy / latency / resource efficiency.

[bookmark: _GoBack]Potential enhancements 
The first thing to be discussed should be whether RedCap UE specific PRS/SRS resource configuration is supported or not by PRS/SRS resource configuration for legacy UEs. For example, the positioning frequency layer, bandwidth of set of PRS resources are configured per PFL, which means reusing current configuration structure of PFL directly to RedCap UE may not be desirable since the RedCap UE is not accounted for such configuration. It needs to be clarified whether reusing legacy PRS/SRS configuration for RedCap UEs is appropriate or not. One of the simplest method will be reusing PFL for legacy UEs to RedCap UE. However, the bandwidth of legacy UE and that of RedCap UE can be expected to be different. Since the PFL contains the information of bandwidth, reusing it directly might lead configuration of bandwidth larger than expected by RedCap UE. In such case, methodology or rule for handling larger bandwidth for RedCap UE would be required. Alternatively designing RedCap UE-specific PFL configuration could be considered. There will be no mismatch of bandwidth however it could lead resource overhead problem. From these perspectives, how to configure PRS resources to support RedCap UE positioning should be considered.

Proposal #2: 
· Discuss whether and how to configure PRS resources for RedCap UEs.

Due to limited capabilities of RedCap UEs, it is very likely that positioning performance to be degraded compared to legacy UE. Therefore, it would be worth to study possible solutions for compensate the degraded performance. Schemes identified in eMTC/NB-IoT positioning can be a good starting point for the discussion in RedCap positioning. One of promising technique is obtaining diversity gain via frequency hopping and/or time domain repetition. For those techniques, requirements and necessary configurations can be discussed with consideration of legacy behavior. For example, frequency hopping of SRS based on BWP can be considered since the SRS transmission spans the configure BWP. Also burst transmission of SRS can be considered for time domain repetition which is no supported currently.

Proposal #3: 
· Discuss time/frequency domain enhancement (e.g., BWP hopping/switching and burst transmission of SRS for positioning) to compensate performance degradation of RedCap UE


Conclusion
In this contribution, we discussed positioning for RedCap UE, and our proposals are summarized below: 

Proposal #1: 
· Discuss which of the reduced feature among RedCap UE impacts the performance of positioning in terms of accuracy / latency / resource efficiency.
Proposal #2: 
· Discuss whether and how to configure PRS resources for RedCap UEs.
Proposal #3: 
· Discuss time/frequency domain enhancement (e.g., BWP hopping/switching and burst transmission of SRS for positioning) to compensate performance degradation of RedCap UE
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