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Introduction
In RAN #94 [1], a SID defining objectives on a Study on expanded and improved NR positioning was agreed on. In the SID, the following justification for sidelink positioning was identified: 
· RedCap UEs could support NR positioning functionality but there is a gap in that the core and performance requirements have not been specified for the positioning related measurements performed by RedCap UEs, and no evaluation was performed to see how the reduced capabilities of RedCap UEs might impact eventual position accuracy. This gap is to be investigated by the present SI.
and the following objective was taken:
· [bookmark: _Hlk58595024]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 evaluate the positioning performance of RedCap UEs using DL-TDOA positioning based on an evaluation methodology agreed to in RAN1 #109-e [5] and RAN1 #110 [6], compare the positioning performance to that of a Rel-16 baseline UE and suggest enhancements to RedCap positioning to close the gap in performance between the two UE types. 
Discussion
RedCap UE overview
Release-17 has studied  and specified support for RedCap UEs with reduced bandwidth support and reduced complexity including reduced number of receive chains [2]. Table 1 below summarizes the device capability  differences between Rel-16 baseline devices and Redcap devices and highlights the differences that will affect the RedCap UE positioning performance for FR1.







[bookmark: _Ref102066286]Table 1: Rel-16 baseline and Redcap device Capabilities
	
	Rel-16 Baseline Devices
	Redcap Devices
	Affects positioning performance

	Maximum Bandwidth
	100 MHz
	20 MHz
	Yes 

	Number of Rx branches
	2
	1 or 2
	Yes

	Maximum Number of DL MIMO layers
	4
	1 or 2
	No

	Maximum DL Modulation Order
	256 QAM
	64 QAM 
256 QAM (optional)
	No

	Duplex Operations
	FD-FDD, TDD
	HD-FDD
FD-FDD
TDD
	No



From the table we see that only the maximum BW and the number of Rx antenna branches will affect the evaluation. In RAN1 #109-e [5] and RAN1 #110 [6], an evaluation methodology was agreed to in which the bandwidth and number of Rx branches for the RedCap UEs were set to the values in the table. 
 
Observation 1: Of the device capability differences between Rel-16 baseline UEs and RedCap UEs, only the maximum bandwidth and the number of Rx antenna branches affect the positioning performance.

Positioning Enhancements for RedCap UEs

PRS and SRS bandwidth hopping 
In RAN1 #110, the following agreement was made [6]:
	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




In RAN1 #110-bis-e, the following agreement was made [7]:

	Agreement
Study the potential enhancement of the UL SRS for positioning to enable Tx frequency hopping, including but not limited to partial overlapping between hops, hopping bandwidth, time gap between frequency hopping.


Agreement
Study the potential enhancement of the DL PRS to enable Tx or Rx frequency hopping, including but not limited to impact on processing capability, hopping bandwidth in the positioning frequency layer, time gap between frequency hopping, measurement period, partial overlapping between hops.




In this enhancement, the effective bandwidth of the PRS/SRS transmission is increased over the physical bandwidth of the RedCap UE by enabling PRS and SRS bandwidth hopping over the larger effective bandwidth. 
PRS and SRS bandwidth hopping with tone overlap
To limit phase discontinuity in the case the bandwidths are disjoint, the PRS/SRS configuration should allow for overlapping tones. For the downlink, this could be by configuring the PRS over only the bandwidth to be measured by the RedCap UE (as shown in Figure 2 (a))  or over the entire effective bandwidth and the allowing the UE to measure over its actual bandwidth (as shown in Figure 2(b)). Note that updates to the PRS/SRS configuration (including frequency mapping and repetition, measurement gaps and muting patterns) will be needed to accommodate this enhancement. 

Capability and Complexity Considerations based including BWP switching and retuning
For the UE DL PRS processing capability, the UE reports one combination of (N, T) values per band where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE. The following sets of values for N, T and B are supported
· Values for N = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms
· Values for T = {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· Values for maximum DL PRS BW in MHz, reported by UE:
· For FR1: {5, 10, 20, 40, 50, 80, 100} MHz
· For FR2: {50, 100, 200, 400} MHz
Note: that the reporting of (N, T) values for maximum BW in MHz is not dependent on SCS.

Given need for BWP switching and/or RF retuning of the PRS/P-SRS as it spans the positioning bandwidth, the existing sets of values may need to be adjusted as the Maximum # of DL PRS resources that UE can process in a slot assumes no BWP switching (DL) or RF retuning. This may need some feedback from RAN4. 

[image: ]
[bookmark: _Ref111187664]Figure 2: PRS Bandwidth Hopping with Tone Overlap for both RedCap and non-RedCap UEs.
Proposal 1: RAN1 should update the  PRS/SRS configuration (including frequency mapping, repetition, measurement gaps and muting patterns) to accommodate PRS Bandwidth Hopping with Tone Overlap.

Proposal 2: RAN1 should update the existing sets of values for the UE DL PRS processing capability as the maximum # of DL PRS resources that UE can process in a slot assumes no BWP switching (DL) or RF retuning. This may need some feedback from RAN4.

Additional Enhancements

To address the loss in positioning performance, the following enhancements can also be additionally investigated:

Reduced accuracy requirement indication: In this enhancement, the RedCap UE may indicate that it may not require high accuracy positioning. This could be as a UE capability, in which case the LMF may configure the UE to feed back information based on other reference signals to estimate the UE position. Alternatively, it could be based on a maintenance mode (for example the UE is stationary for a certain time duration), in which case the LMF may send an indication for the UE to modify or stop measurement, transmission and feedback of positioning signals and feedback for a desired duration as shown in Figure 3. 

[image: ]
[bookmark: _Ref111188190]Figure 3: Reduced Accuracy Indication due to no movement of the RedCap UE

Group based positioning schemes: In this enhancement, RedCap UEs that are co-located (or in close proximity) to other UEs (e.g. with better positioning capability), may form a group to estimate the UE positions. This could be by jointly estimating the UE position or by delegating the estimation of the position to a “delegate UE” in the group (see Figure 4). Note that there should be an authorization by the UEs to ensure the privacy of the UEs in the group.


[image: ]
[bookmark: _Ref111188299]Figure 4: Group Based Positioning


Energy Aware Positioning: For some RedCap UEs, energy consumption is extremely important. In this enhancement, to limit energy loss due to positioning, the positioning procedure may account for the DRX cycle so as to (a) ensure that the RS configurations match the DRX ON duration  in the short and long DRX cycle as shown in Figure 5 (b)  the RS measurements occur only during a DRX active time and/or (c) for a DRX inactive time, the RS configurations match the paging cycle. 

[image: ]
[bookmark: _Ref111188350]Figure 5: Energy Aware positioning


Proposal 3: RAN1 should investigate additionally investigate the following enhancements for RedCap UE positioning: 
· Reduced accuracy requirement indication: the RedCap UE may indicate that it may not require high accuracy positioning or it is stationary and does not require any position update
· Group based positioning schemes: RedCap UEs that are co-located (or in close proximity) to other UEs (e.g. with better positioning capability), may form a group to estimate the UE positions.
· Energy Aware Positioning: the positioning procedure may account for the DRX cycle so as to (a) ensure that the RS configurations match the DRX ON duration  in the short and long DRX cycle (b)  the RS measurements occur only during a DRX active time and/or (c) for a DRX inactive time, the RS configurations match the paging cycle 


Conclusion
In this contribution, we have evaluated the positioning performance of RedCap UEs using DL-TDOA positioning and have the following observations and proposals:

Proposal 1: RAN1 should update the  PRS/SRS configuration (including frequency mapping, repetition, measurement gaps and muting patterns) to accommodate PRS Bandwidth Hopping with Tone Overlap.

Proposal 2: RAN1 should update the existing sets of values for the UE DL PRS processing capability as the maximum # of DL PRS resources that UE can process in a slot assumes no BWP switching (DL) or RF retuning. This may need some feedback from RAN4.

Proposal 3: RAN1 should investigate additionally investigate the following enhancements for RedCap UE positioning: 
· Reduced accuracy requirement indication: the RedCap UE may indicate that it may not require high accuracy positioning or it is stationary and does not require any position update
· Group based positioning schemes: RedCap UEs that are co-located (or in close proximity) to other UEs (e.g. with better positioning capability), may form a group to estimate the UE positions.
· Energy Aware Positioning: the positioning procedure may account for the DRX cycle so as to (a) ensure that the RS configurations match the DRX ON duration  in the short and long DRX cycle (b)  the RS measurements occur only during a DRX active time and/or (c) for a DRX inactive time, the RS configurations match the paging cycle 
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