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Introduction
In Rel-16 native NR positioning support was standardized and in Rel-17 enhancements were made. At RAN#94 a new SI was approved on enhancements for Rel-18 NR positioning [1]. This contribution discusses our views related to RedCap positioning. Our companion contributions discuss our other views [2-7]. The objective in the SID is: 
· Positioning support for RedCap UEs, considering the following:
· Evaluate positioning performance of existing positioning procedures and measurements with RedCap UEs[RAN1]
· [bookmark: _Hlk510705081]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]
Discussion
Evaluations
Figure 1 shows the evaluated performance of DL-TDOA for a RedCap device with a PRS BW of 5 MHz. We initially focused on the indoor factory (InF) model and reused many of the assumptions from TR 38.857 in the Rel-17 NR positioning evaluations. 
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Figure 1. RedCap UE performance with 5 MHz BW and 1 Rx antenna.
This figure shows the horizontal positioning accuracy for InF-SH. The purple curve shows approximately 10 m horizontal accuracy error at 80% of UEs, where the oversampling factor is 4 and measurement filtering method is used to select 8 out of 18 TRPs. Other simulation assumption parameters are below: 


	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	PRS bandwidth 
	5 MHz

	SCS
	15 kHz

	PRS assumptions
	6 symbols PRS resource with comb-6. 

	# of UE antennas
	1

	# of gNB antennas
	4

	Positioning Method
	DL-TDOA

	Parameter Estimation Method
	ToA estimation using thresholding technique

	Position Estimation Method
	Taylor Series, Least Squares


Table 1 Evaluation assumption parameters
Observation 1: The horizontal positioning accuracy performance of RedCap UEs is significantly degraded compared with normal NR UEs. 
RAN1 should determine the performance target of RedCap UEs in order to decide what enhancements need to be met. It should be clear that at least some degradation compared with normal NR UEs, without any enhancements,  is necessary. Our view is that we should introduce at least some enhancements in order to get RedCap positioning performance to be as close to normal NR UEs as possible.
Proposal 1: RAN1 to discuss the performance targets for RedCap UEs. 
Proposal X: RAN1 should conclude that enhancements are needed for RedCap UEs to have similar performance to normal NR UEs.
Potential Solutions
PRS and SRS frequency stitching 
With the limitation of the bandwidth from 100 MHz to 20MHz (or even 5MHz) there will be a degradation of the timing estimation used for the position estimate with a factor of four. To overcome this alternative solutions could be to continue transmitting the PRS signal with 20 MHz (or 5 MHz) chunks repeated in multiple symbols and introduce frequency shift and thereby re-gain the combined timing estimate as if it was a wideband receiver architecture. 
The same method could be considered on the transmitter side- apply frequency shift symbol based and send the combined SRS signal as a virtual wideband signal in chunks of 20 Mhz (or 5MHz) divided over multiple symbols.
Proposal 2: RAN1 to study the ability to receive/ wideband PRS/SRS signals with a narrow band receiver (e.g., over multiple 20 MHz chunks) and transmit wideband PRS/SRS signals on a narrow band transmitter (e.g., frequency hopping over multiple 20 MHz chunks). Identifying any specification impact should be part of the study. 
As part of PRS frequency stitching/hopping the UE may need to align the phase of multiple frequency “chunks” in order to remove errors due to phase offsets between the chunks. Which RB/REs should be used for this frequency alignment should be discussed. If the UE has a deep fade on the RB/REs which are used for the phase alignment it may cause poor performance of the PRS measurement. 
Proposal 3: RAN1 to discuss how to perform phase alignment between frequency chunks in PRS frequency hopping/stitching including the impacts of a poor channel on the overlapping RB/REs. 
Rel-17 NR positioning introduced PRS measurement outside the measurement gap within PRS processing windows. The LMF may transmit wideband PRS resources for both normal UEs and RedCap UEs, and RedCap UE receives the DL PRS resources in part as much as it could within PRS processing windows at each measurement occasion. The RedCap UE stitches the measurement measured across multiple measurement occasions. The RedCap UEs may need DL BWP switching to receive the wideband PRS resources, and it may use different PRS processing windows depending on the network configuration. It is necessary for UE to have enough time to switch BWP, and the configured priority state for PRS reception may affect UE to receive multiple consecutive DL PRS frequency hops. If the UE did not obtain the measurement for one of the PRS frequency hops, the UE might need a repeat of the whole measurement procedure for all PRS frequency hops, resulting in unnecessary delay.
Proposal 4: RAN1 to study PRS frequency hopping/stitching in PRS processing windows including but not limited to the impacts of DL BWP switching and PRS priority priority.
In the case of DL PRS frequency hopping/stitching, the UE may receive a wideband PRS resource by frequency hopping, but UL SRS transmission is different from DL PRS reception. The UE may transmit a single SRS resource at a particular SRS frequency hop and another SRS resource at a different SRS frequency hop. That is, gNBs/TRPs receive the different SRS resources by different SRS frequency hops, and when the gNB combines the multiple SRS resources, it cannot see a single ZC sequence.
Dynamic SRS Transmissions
Rel-16/17 NR defines a fixed SRS configuration that the UE should use at each positioning period, regardless of the UE mobility change and/or power limitations. Specifically, an SRS transmission is characterized by a given time-frequency density which is maintained for all occurrences during a periodic localization process. This approach is sub-optimal for RedCap devices which would need to ensure a periodic SRS transmission even though the device position remains fixed from one location update to the other. Thus, a flexible UL positioning session w.r.t. time-frequency resource allocation and the ability to tune the periodicity of the session would be beneficial in terms of power savings.  
Proposal 5: RAN1 to study more dynamic SRS transmissions for RedCap UEs. 
Group Positioning
SRS transmission for UL positioning is an expensive operation for a power-limited device like RedCap. That is because: 
· SRS for positioning are typically transmitted at full power, and most often, their transmission is repeated for several consecutive OFDM symbols in a slot.  
· SRS are often configured periodically, which means that the RedCap UE needs to transmit full-power SRS every X subframes, even though its position may have not changed in between consecutive transmissions.  
Schemes that reduce the power consumption associated with SRS transmission according to the above are thus desirable for RedCap devices. Given that RedCap devices in some use cases are likely to be collocated with other similar devices, their collocation could be exploited by the LMF to locate the group of devices instead of each device independently, reducing thus the signalling load of each independent device.  
Proposal 6: RAN1 to investigate UL group based positioning schemes for RedCap UEs to save on SRS overhead. 
Local oscillator settle time for frequency shift/ hop
For frequency hopping and other variant of frequency shifting - the settle time for the LO need to be taking into account when performing frequency shifting both for downlink PRS and for uplink SRS. The settle time between each frequency shift set the minimum time for the hopping procedure. The scenario is illustrated in Figure 2 where the settle time (ts) illustrate the minimum gap between each SRS/PRS resource symbol. 
Observation 2: In frequency hopping it may be necessary for the UE to have some gap (e.g., 1 symbol) between the reception/transmission of different frequency hops. 
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[bookmark: _Ref110430092]Figure 2 Illustration of frequency hopping/ shift versus time.
Positioning Impacts on Reduced Capability Features
A RedCap UE may be implementing power saving or other reduced capability features which could negatively impact the positioning performance of the device. Outside of the obvious constraints from limited BW and reduced antennas there could be other features such as relaxed RRM measurements or relaxed beam measurements. When the UE is implementing these features it may reduce the positioning measurement accuracy of the device. This is further complicated by the fact that the gNB may not be aware the UE is performing positioning measurements or the requirements associated with those measurements (due to LPP being transparent to the gNB). 
Observation 3: RedCap UEs may have positioning measurement performance degradation due to power saving/reduced capability features it is implementing. 
It should be ensured that a balance between power savings/reduced capabilities and positioning performance is reached. RAN1 should consider the impact of these reduced capability features from Rel-17 and minimize any impact to the accuracy of positioning measurements. 
Proposal 7: RAN1 to study methods for reducing the impact of reduced capability features (e.g., RRM measurement relaxation) on the positioning measurement accuracy of RedCap UEs. 
Conclusion
In this contribution we made the following observations and proposals: 
Observation 1: The horizontal positioning accuracy performance of RedCap UEs is significantly degraded compared with normal NR UEs. 
Proposal 1: RAN1 to discuss the performance targets for RedCap UEs. 
Proposal 2: RAN1 to study the ability to receive/ wideband PRS/SRS signals with a narrow band receiver (e.g., over multiple 20 MHz chunks) and transmit wideband PRS/SRS signals on a narrow band transmitter (e.g., frequency hopping over multiple 20 MHz chunks). Identifying any specification impact should be part of the study.
Proposal 3: RAN1 to discuss how to perform phase alignment between frequency chunks in PRS frequency hopping/stitching including the impacts of a poor channel on the overlapping RB/REs.
Proposal 4: RAN1 to study PRS frequency hopping/stitching in PRS processing windows including but not limited to the impacts of DL BWP switching and PRS priority priority.
Proposal 5: RAN1 to study more dynamic SRS transmissions for RedCap UEs. 
Proposal 6: RAN1 to investigate UL group based positioning schemes for RedCap UEs to save on SRS overhead. 
Observation 2: In frequency hopping it may be necessary for the UE to have some gap (e.g., 1 symbol) between the reception/transmission of different frequency hops.
Observation 3: RedCap UEs may have positioning measurement performance degradation due to power saving/reduced capability features it is implementing. 
Proposal 7: RAN1 to study methods for reducing the impact of reduced capability features (e.g., RRM measurement relaxation) on the positioning measurement accuracy of RedCap UEs. 
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