[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #111	R1-2211314
Toulouse, France, November, 14th – 18th, 2022 

Agenda item:		9.5.3
Source:	Nokia, Nokia Shanghai Bell
Title:	Views on Positioning for RedCap UEs
Document for:		Discussion and Decision
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 [2-6]. 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. 
Observation 1: The horizontal positioning accuracy performance of RedCap UEs is significantly degraded compared with normal NR UEs. 
At RAN1#110 the following agreement on performance requirements for RedCap UEs was achieved:
 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

Therefore we can draw the conclusion that Rel-17 specifications can’t meet the NR positioning accuracy requirements for RedCap UEs. Enhancements in Rel-18 for RedCap UEs are needed in order to meet the requirements. 
Observation 2: Rel-17 solutions can’t achieve the RedCap UE positioning accuracy requirements. 
Observation 3: Enhancements for RedCap positioning are needed in Rel-18. 
Proposal 1: Capture the results in Appendix A in the TR. 
Potential Solutions
PRS and SRS frequency hopping and stitching 
During RAN1#110 the potential enhancement of PRS/SRS frequency hopping was discussed and the following agreement was reached: 
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
As shown in Section 2.1, the bandwidth resource is the critical factor to the positioning accuracy. To overcome performance degradation from the narrow bandwidth resource, a typical way would be frequency hopping so that the receiver could measure the narrow RS bandwidth at each occasion, and this enables coherent processing across multiple RS frequency hops at the receiver. If the phase discontinuity issue is resolved, the benefit would be clear that the receiver effectively can obtain wideband positioning measurement, so RAN1 should consider support of the frequency hopping for periodic DL PRS and periodic, semi-persistent, and aperiodic UL SRS.
For frequency hopping the settle time for the LO need to be taken 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 4: 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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Figure 2. Illustration of frequency hopping/ shift versus time.
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 UL 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: The ability to receive wideband PRS signals with a narrow band receiver (e.g., over multiple 20 MHz chunks) and transmit wideband SRS signals on a narrow band transmitter (e.g., frequency hopping over multiple 20 MHz chunks) should be supported in Rel-18. 
There are three potential types of frequency hopping which have been discussed during the SI. 1. DL Rx frequency hopping, 2. DL Tx frequency hopping, and 3. UL Tx frequency hopping. In our understanding DL Tx frequency hopping has not been fully justified in the SI and still requires DL Rx frequency hopping. We are not sure there are sufficient use cases where for example 100 MHz of Bandwidth are allocated for RedCap UEs and there will be only RedCap UEs performing positioning. 
Observation 5: The use case of DL Tx frequency hopping is questionable. 
Proposal 3: Support only DL Rx frequency hopping and UL Tx frequency hopping in Rel-18. 
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. This procedure can be done by having overlapping frequency part for concurrent chunks (or hops). Which RB/REs should be used for this frequency alignment should be discussed. Figure 3 shows an example of how this might look. 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. 



Figure 3. Example of PRS frequency hopping with overlapping frequency hops. 
Proposal 4: 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. 
The UE can use these overlapping REs to potentially remove the phase offset between the hops. However, RAN1 should investigate the size of the overlap that is needed for the phase offset to be corrected sufficiently. On top of the overlap needed for PRS frequency hopping RAN1 should also consider how this procedure may impact both UL-TDOA and multi-RTT. In particular in the case of multi-RTT it should be studied if the phase alignment between hops is needed in both UL and DL directions and if so how to enable it. 
Proposal 5: RAN1 to study phase alignment for Multi-RTT and determine if phase alignment is needed in both UL and DL. 
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. One option is to use a “virtual” SRS configuration where multiple SRS for positioning resources/resource sets are tied to the “virtual” SRS configuration. Each SRS resource/resource set within the virtual configuration would correspond to one SRS hop. In practice this could mean that the SRS sequence generation for a given hop is based on the overall virtual SRS configuration. In this way a single long SRS sequence can be seen at the gNB after receiving all the SRS frequency hops. In addition, it does not break the long standing spec assumption that the SRS is configured per BWP as the virtual SRS configuration would be a new configuration. The configuration details may have higher layer impact. 
Proposal 6: RAN1 to study a virtual SRS configuration for SRS for positioning frequency hopping. 
At RAN1#110-bis the following agreement was reached about modelling the time gap between hops in frequency hopping: 
Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of the gap between two consecutive hops includes at least from 100us to 5ms.
· Companies should indicate if other smaller values are used in their evaluations, and justify the feasibility of smaller values

In our understanding the specific values between hops should be left to the WI discussion and may need to involve RAN4. So we think that it does not need to be further handled in the SI phase. 
Proposal 7: Directly discuss time gap between two consecutive hops in Tx/Rx frequency hopping in the WI. 
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.  
Muting of SRS for positioning is another direction which would allow for more dynamic SRS for positioning transmission. For example, the UE may mute a periodic SRS transmission when it is deemed that the UE has not moved and remains in the same/similar location. 
Proposal 8: 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 9: RAN1 to investigate UL group based positioning schemes for RedCap UEs to save on SRS overhead. 
In addition to SRS overhead reduction the UE will consume less power if the SRS bandwidth and number of occasions is limited. Some use cases may have areas where a lower positioning accuracy is acceptable and in this area a reduced tranmsit (or receive) bandwidth may be used. These could correspond to geo-fenced areas where the UE is expected to follow different transmit (or receive) behavior. 
Propsoal 10: RAN1 to consider schemes for reducing UE transmit (or receive) bandwidth in certain areas. 
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). 
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 11: 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. 
Observation 2: Rel-17 solutions can’t achieve the RedCap UE positioning accuracy requirements. 
Observation 3: Enhancements for RedCap positioning are needed in Rel-18. 
Proposal 1: Capture the results in Appendix A in the TR. 
Observation 4: 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. 
Proposal 2: The ability to receive wideband PRS signals with a narrow band receiver (e.g., over multiple 20 MHz chunks) and transmit wideband SRS signals on a narrow band transmitter (e.g., frequency hopping over multiple 20 MHz chunks) should be supported in Rel-18. 
Observation 5: The use case of DL Tx frequency hopping is questionable. 
Proposal 3: Support only DL Rx frequency hopping and UL Tx frequency hopping in Rel-18. 
Proposal 4: 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 5: RAN1 to study phase alignment for Multi-RTT and determine if phase alignment is needed in both UL and DL. 
Proposal 6: RAN1 to study a virtual SRS configuration for SRS for positioning frequency hopping. 
Proposal 7: Directly discuss time gap between two consecutive hops in Tx/Rx frequency hopping in the WI. 
Proposal 8: RAN1 to study more dynamic SRS transmissions for RedCap UEs. 
Proposal 9: RAN1 to investigate UL group based positioning schemes for RedCap UEs to save on SRS overhead. 
Propsoal 10: RAN1 to consider schemes for reducing UE transmit (or receive) bandwidth in certain areas. 
Proposal 11: 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. 
Appendix A: Evaluation Results
As agreed in RAN1#110 we present our RedCap Positioning evaluation results in the following templates: 
[bookmark: _Toc55965346][bookmark: _Hlk49500725]B.6.X		Results from source [X]
[bookmark: _Toc55965347]B.6.X.1	Description of evaluation scenarios
RedCap devices with 5 MHz bandwidth in InF-SH scenarios were evaluated for different assumptions. 
Evaluation assumptions for system level analysis are provided in Table B.6.X.1-1 
Table B.6.X.1-1: NR RedCap positioning - evaluation scenarios and parameters  
	Parameter
	Case 1, InF-SH, DL-TDOA
	Case 2, InF-SH, DL-TDOA
	Case 3, InF-SH, DL-TDOA
	Case 4, InF-SH, DL-TDOA

	Channel model (baseline, otherwise state any modifications)
	InF-SH
	InF-SH
	InF-SH
	InF-SH

	Carrier frequency
	3.5 GHz
	3.5 GHz
	3.5 GHz
	3.5 GHz

	Subcarrier spacing
	15 kHz
	15 kHz
	15 kHz
	15 kHz

	Reference Signal Transmission Bandwidth
	5 MHz
	5 MHz
	5 MHz
	5 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	6 symbol PRS with comb 6
	6 symbol PRS with comb 6
	6 symbol PRS with comb 6
	6 symbol PRS with comb 6

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

	Number of sites
	18
	18
	18
	18

	Number of symbols used per occasion
	6
	6
	6
	6

	number of occasions used per positioning estimate
	1
	1
	1
	1

	Power-boosting level
	6 dB
	6 dB
	6 dB
	6 dB

	Uplink power control (applied/not applied)
	n/a
	N/a
	N/a
	n/a


	interference modelling (ideal muting, or other)
	Ideal interference
	Ideal interference
	Ideal interference
	Ideal interference

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	ToA estimation with thresholding
	ToA estimation with thresholding
	ToA estimation with thresholding
	ToA estimation with thresholding

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

	Network synchronization assumptions
	Perfect Sync
	Perfect Sync
	Perfect Sync
	Perfect Sync

	UE/gNB RX and TX timing error
	N/a
	N/a
	N/a
	N/a

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/a
	N/a
	N/a
	N/a

	Evaluated enhancements
	n/a
	n/a
	n/a
	n/a

	Additional notes, if any
	All 18 TRPs used
	8 TRPs selected
	All 18 TRPs used, 4x oversampling
	8 TRPs used, 4x oversampling



 
[bookmark: _Toc55965348]B.6.X.2	Positioning accuracy evaluation results
Evaluation summary results for the CDF curves of case 1-4 are shown below. 
Table B.6.X.2-1 provides summary of the CDF curves. 
 
Table B.6.X.2-1: Rel.16 NR positioning (baseline) - horizontal location error results from [4]
	Cases
	
	50%
	67%
	80%
	90%
	Requirement Met

	Case 1, InF-SH, DL-TDOA
	Convex UEs
	6.737
	8.432
	15.12
	18.45
	No

	Case 2, InF-SH, DL-TDOA
	Convex UEs
	6.4149
	8.322
	11.52
	16.24
	No

	Case 3, InF-SH, DL-TDOA
	Convex UEs
	6.4379
	8.309
	14.6
	17.52
	No

	Case 4, InF-SH, DL-TDOA
	Convex UEs
	6.519
	7.589
	10.53
	13.68
	No



Figures B.6.X.2-1 provides the results above in CDF curve form. 
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Figure B.6.X.2-1: results from [X]
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