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Introduction
According to the Rel-18 study item description on study on expanded and improved new radio (NR) positioning [1], the objective on reduced capability (RedCap) positioning is as follows:
	· 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]




The target accuracy requirements and evaluation assumptions for RedCap positioning have been discussed in RAN1#109e and RAN1#110 meetings with the agreements below for the target accuracy requirements of RedCap positioning, and the corresponding evaluation results from majority companies in RAN1#110b meeting show that PRS/SRS frequency hopping may be one potential solution for horizontal positioning accuracy improvement to meet these requirements.
	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



The agreements for the study of PRS/SRS frequency hopping in RedCap positioning during the past RAN1 meetings during this study item include
	Agreement (RAN1#110)
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

Agreement (RAN1#110be)
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 
 
Agreement (RAN1#110be)
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 (RAN1#110be)
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. 
 
Agreement (RAN1#110be)
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of UE speed includes 3 km/h, 30 km/h, 60km/h. 
Other values are not precluded



RAN1#110b-e meeting also has discussed carrier phase positioning for RedCap UEs with the conclusion below.
	Conclusion
The evaluation results for positioning for RedCap UEs using carrier phase measurements can be captured in the TR to show whether target requirement of positioning for RedCap UEs can be met or not, but any non-RedCap-specific enhancements regarding CPP should be studied under AI 9.5.2.2 in Rel-18.
· For the modelling of error sources specific to carrier phase measurements, the evaluations assumptions agreed in AI 9.5.2.2 are reused.
· Note: Phase-difference AoD can be included in the evaluations. Support of Phase-difference AoD for CPP should be discussed under AI 9.5.2.2.



In this contribution, we share our views on RedCap positioning in terms of performance evaluations and potential enhancements.
Frequency Hopping
PRS/SRS frequency hopping may be one of potential solutions for RedCap UEs to achieve the target horizontal positioning accuracy (i.e. < 3 m @ 90% for commercial cases and < 1 m @ 90% for IIoT cases) as shown in Fig. 1 where narrowband PRS/SRS frequency hopping within wideband could achieve similar performance as wideband PRS/SRS with ideal assumptions. This section discusses the potential factors which may have the impacts on the performance of this solution.
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(a) IOO
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(b) InF-SH



Fig. 1 Horizontal positioning accuracy of 90% all convex UEs in FR1 in IOO and InF-SH

Random Phase Rotation
Phase rotation caused by frequency hopping may include random phase rotation due to RF retuning at the transmitter, random phase rotation due to RF retuning at the receiver, phase rotation due to subcarrier frequency location, and phase rotation due to phase shift over time. This section focuses on the impact of random phase rotation due to RF retuning and considers three potential PRS/SRS frequency hopping pattern as shown in Fig. 2. Option A is non-overlapped PRS resources in frequency domain between two consecutive hops, Option B is closely adjacent PRS resources in frequency domain between two consecutive hops and Option C is partially overlapped PRS resources in frequency domain between two consecutive hops.
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(a) Option A: non-overlapped frequency hopping
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(b) Option B: closely adjacent frequency hopping
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(c) Option C: partially overlapped frequency hopping

Fig. 2 PRS/SRS frequency hopping

DL PRS
If DL PRS for different narrow-bands is generated based on same carrier frequency (i.e. within one full wideband) at the network side, then the random phase rotation we need to consider is the random phase rotation caused by RF adjustment at the UE side. However, if the frequency tracked by PLL keeps same at the UE side and the frequency adjustment due to PRS frequency hopping is done via software, then the random phase rotation due to RF retuning at the receiver could be treated as zero. It means that the total phase rotation could be post-compensated at the UE side in this case and so Option A can be used as PRS frequency hopping pattern.

Observation 1 [bookmark: _Toc118715681]Non-overlapped PRS frequency hopping pattern can be used to support the case of PRS frequency hopping without RF retuning.

If PRS-frequency-hopping-based measurement is implemented via RF retuning of carrier frequency, then there may be non-zero random phase rotation at the UE side. In this case, the UE can estimate and compensate the phase change due to RF retuning even with non-overlapped PRS frequency hopping, for example, using Option B for estimation complexity reduction. While this method adds algorithm complexity at the UE side. 

Observation 2 [bookmark: _Toc118715682]Closely adjacent PRS frequency hopping pattern can be used to support the case of PRS frequency hopping with RF retuning but introduce additional algorithm complexity at the UE side.

If using partially overlapped PRS frequency hopping (i.e. Option C), UE can easily derive the random phase rotation of each subcarrier frequency in the overlapped resources in frequency domain. This method simplifies the work at the UE side but requires more PRS resources and possibly more PRS frequency hopping.

Observation 3 [bookmark: _Toc118715683]Partially overlapped PRS frequency hopping pattern can be used to support the case of PRS frequency hopping with RF retuning but require more PRS resources and possibly more PRS frequency hopping.

According to the analysis above, Option A requests UE to support PRS frequency hopping measurement without RF retuning, Option B can support RF retuning but may add implementation complexity at the UE side, and Option C can be utilized to support all kinds of RedCap UEs with lower algorithm complexity. Therefore, Option C seems the best candidate as PRS frequency hopping pattern to support all kinds of RedCap UE. Flexible PRS configuration supporting all three options may be preferred but Option C may be the simple way for the estimation of phase rotation including random phase and phase shift over time.   

[bookmark: _Toc118715684]Partially overlapped PRS frequency hopping is attractive due to its potential to support all kinds of RedCap UEs and lower algorithm implementation complexity.
UL SRS
If UL SRS for different narrow-bands is generated based on same carrier frequency at the UE side and the corresponding subcarrier frequency adjustment is implemented via software control, then the random phase rotation due to RF retuning at the UE side can be assumed to zero. Additionally, in intra-wideband-BWP, network generally uses one carrier frequency without RF retuning for receive signal detection, so no random phase rotation at the network side in this case. Therefore, Option A can be used as SRS frequency hopping pattern here. 

Observation 4 [bookmark: _Toc118715685]Non-overlapped SRS frequency hopping pattern can be used to support the case of SRS frequency hopping without RF retuning.

If SRS-frequency-hopping-based transmission is implemented via RF retuning of carrier frequency, then there may be non-zero random phase rotation at the UE side. In this case, the estimation and compensation of random phase rotation should be done at the network side if using non-overlapped SRS frequency hopping, for example Option B. While this method adds network implementation complexity for random phase estimation.

Observation 5 [bookmark: _Toc118715686]Closely adjacent SRS frequency hopping pattern can be used to support the case of SRS frequency hopping with RF retuning but introduce additional algorithm complexity at the network side.

If using partially overlapped SRS frequency hopping (i.e. Option C), network can estimate the random phase rotation of each subcarrier frequency in the overlapped resources in frequency domain. This method simplifies the work for network implementation but requires more SRS resources and possibly more SRS frequency hopping.

Observation 6 [bookmark: _Toc118715687]Partially overlapped SRS frequency hopping pattern can be used to support the case of SRS frequency hopping with RF retuning but require more SRS resources and possibly more SRS frequency hopping.

Based on the analysis above, all options have the potential to support SRS frequency hopping in UL but depending on UE capability and/or network capability. Option C can be supported by all kinds of RedCap UEs and moreover request lower implementation complexity at the network side, and so Option C is preferred as SRS frequency hopping pattern. Flexible SRS configuration supporting all three options may be preferred but Option C may be the simple way to estimate phase rotation including random phase and phase shift over time.

[bookmark: _Toc118715688]Partially overlapped SRS frequency hopping is attractive due to its potential to support all kinds of RedCap UEs and lower algorithm implementation complexity.
Time Gap
Table 1 provides the evaluation results for the horizontal positioning accuracy of DL-TDOA via PRS frequency hopping over 100MHz bandwidth in InF-SH (FR1) for convex RedCap UEs and different speeds, and shows that there is no performance impact if time gap between two consecutive hops is up to 5ms. 

Table 1 Horizontal positioning accuracy of convex UEs with 20MHz bandwidth in InF-SH (unit: m)
	Time Gap
	0.5ms
	1ms
	1.5ms
	2ms
	2.5ms
	3ms
	3.5ms
	4ms
	4.5ms
	5ms

	FR1
	3km/h, 30km/h60km/h
	50%
	0.08
	0.08
	0.08
	0.08
	0.08
	0.08
	0.08
	0.08
	0.08
	0.08

	
	
	67%
	0.09
	0.09
	0.09
	0.09
	0.09
	0.09
	0.09
	0.09
	0.09
	0.09

	
	
	80%
	0.11
	0.11
	0.11
	0.11
	0.11
	0.11
	0.11
	0.11
	0.11
	0.11

	
	
	90%
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15


 
[bookmark: _Toc118715689]The horizontal positioning accuracy of DL-TDOA in InF-SH (FR1) almost keeps same if the time gap is up to 5ms between two consecutive hops.
Carrier Phase Positioning
Carrier phase positioning is another potential solution to support RedCap positioning with higher horizontal positioning accuracy as shown in Fig. 3 where the evaluation scenario is InF-SH in FR1 and all UEs are counted for performance statistics. More detailed simulation assumptions can be found in [11]. According to the evaluation results, it can be observed that, via carrier phase positioning, the horizontal positioning accuracy of RedCap UEs with the bandwidth of 20MHz is similar to that of normal UEs with the bandwidth of 100MHz until the percentage of about 70%. After that, RedCap UEs perform worse mainly due to the impact of multipath. Therefore, the hybrid solution of carrier phase positioning plus PRS/SRS frequency hopping can be considered for RedCap UEs to get high horizontal positioning accuracy. Enhancements of carrier phase positioning for RedCap UEs can be discussed in the section of carrier phase positioning.

[bookmark: _Toc118715690]The hybrid solution of carrier phase positioning plus PRS/SRS frequency hopping can be considered for RedCap UEs to get high horizontal positioning accuracy.  
[bookmark: _Toc118715691]Enhancements of carrier phase positioning for RedCap UEs can be discussed in the section of carrier phase positioning.

[image: ]
Fig.  3 Carrier phase positioning in InF-SH in FR1 for all UEs

Bluetooth Positioning
For reduced capability devices there are also potential solutions in the set of RAT-independent positioning methods. One viable candidate is Bluetooth, and there is already support for Bluetooth positioning in LPP. Given the recent positioning enhancements in BLE 5.1 with support for AoA and AoD, Bluetooth has the capacity in a suitable deployment to meet the agreed positioning requirements. BLE 5.1 is already adopted and these positioning enhancements are therefore ready for normative work as enhancements to the existing Bluetooth positioning in LPP. The enhancement of Bluetooth positioning can be discussed in RAN2.  

[image: ] 
Fig. 4 AoA/AoD support in BLE 5.1

[bookmark: _Toc118715692]Enhancement of Bluetooth positioning in LPP based on BLE 5.1 can be discussed in RAN2.
[bookmark: _Toc68614629][bookmark: _Toc68614630][bookmark: _Toc68614651]Conclusion
In this contribution, we share our observations and proposals below for RedCap positioning.
Observation 1	Non-overlapped PRS frequency hopping pattern can be used to support the case of PRS frequency hopping without RF retuning.
Observation 2	Closely adjacent PRS frequency hopping pattern can be used to support the case of PRS frequency hopping with RF retuning but introduce additional algorithm complexity at the UE side.
Observation 3	Partially overlapped PRS frequency hopping pattern can be used to support the case of PRS frequency hopping with RF retuning but require more PRS resources and possibly more PRS frequency hopping.
Proposal 1	Partially overlapped PRS frequency hopping is attractive due to its potential to support all kinds of RedCap UEs and lower algorithm implementation complexity.
Observation 4	Non-overlapped SRS frequency hopping pattern can be used to support the case of SRS frequency hopping without RF retuning.
Observation 5	Closely adjacent SRS frequency hopping pattern can be used to support the case of SRS frequency hopping with RF retuning but introduce additional algorithm complexity at the network side.
Observation 6	Partially overlapped SRS frequency hopping pattern can be used to support the case of SRS frequency hopping with RF retuning but require more SRS resources and possibly more SRS frequency hopping.
Proposal 2	Partially overlapped SRS frequency hopping is attractive due to its potential to support all kinds of RedCap UEs and lower algorithm implementation complexity.
Proposal 3	The horizontal positioning accuracy of DL-TDOA in InF-SH (FR1) almost keeps same if the time gap is up to 5ms between two consecutive hops.
Proposal 4	The hybrid solution of carrier phase positioning plus PRS/SRS frequency hopping can be considered for RedCap UEs to get high horizontal positioning accuracy.
Proposal 5	Enhancements of carrier phase positioning for RedCap UEs can be discussed in the section of carrier phase positioning.
Proposal 6	Enhancement of Bluetooth positioning in LPP based on BLE 5.1 can be discussed in RAN2.
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