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[bookmark: OLE_LINK1]Introduction
In RAN#94e meeting, a SID for study on expanded and improved NR positioning was approved for Rel-18 where one item is to study positioning support for RedCap UE as follows [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 provide our views on positioning support for RedCap UE from RAN1 perspective.
Discussion
2.1 Positioning performance of RedCap UE
Nowadays, industry application of RedCap UE (e.g., underground mining, remote supervision, etc) is promising. The location of these UE should be guaranteed within some kind of range. This can be done via positioning of 5G-NR.
According to TS38.300 [2], for a RedCap UE, its data processing capability is limited (copied as the following). For example, the maximum bandwidth it can process is 20MHz for FR1 (or 100MHz for FR2). Under some cases (such as, power saving) the bandwidth for its initial BWP/default BWP might even be smaller (e.g., 5MHz) as shown in the following Figure 1.

	[TS38.300]
16.13.1	Introduction
A RedCap UE has reduced capabilities with the intention to have lower complexity with respect to non-RedCap UEs. It is mandatory for a RedCap UE to support 20 MHz maximum UE channel bandwidth in FR1 and 100 MHz in FR2.
[bookmark: _Toc100782253]16.13.2	Capabilities
CA, MR-DC, DAPS, CPC and IAB related capabilities are not supported by RedCap UEs, as defined together with other limitations in TS 38.306 [11]. It is up to the network to prevent RedCap UEs from using radio capabilities not intended for RedCap UEs.
[bookmark: _Toc100782254]16.13.3	Identification, access and camping restrictions
...
RedCap UEs with 1 Rx branch and 2 Rx branches can be allowed separately via system information. In addition, Half-Duplex FDD RedCap UEs can be allowed via system information. A RedCap specific IFRI can be provided in SIB1,  when absent, RedCap UEs access is not allowed. Information on which frequencies RedCap UE access is allowed can be provided in system information.
[bookmark: _Toc100782256]16.13.5	BWP operation
A RedCap UE in RRC_IDLE and RRC_INACTIVE monitors paging only in an initial BWP (default or RedCap specific) associated with CD-SSB and performs cell (re-)selection and measurements on the CD-SSB. If a RedCap-specific initial UL BWP is configured, RedCap UEs in RRC_IDLE and RRC_INACTIVE shall use only the RedCap-specific initial UL BWP to perform RACH.




Figure 1 Bandwidth for RedCap UE
As it is known that, the positioning accuracy is tightly related to the bandwidth of reference signal for positioning. As the result of that, relative to a normal UE, the positioning accuracy might be impacted by its support of bandwidth. In addition to bandwidth, the number of antenna of a RedCap UE might be limited as shown in the above box. This will also impact the positioning accuracy (e.g., lower SNR, inaccurate AOA/AOD, etc).
To check the positioning performance of a RedCap UE, some simulations are performed as shown in the following Figure 2. From this figure, it can be observed that, the positioning accuracy for a RedCap UE (with a bandwidth of 20MHz) is about 2.3 m for 90% UEs. It is insufficient in many commercial cases. Hence, we have the following observation.
Observation 1: For FR1, the positioning performance is insufficient because of limited bandwidth.
[image: ]
Figure 2 Simulation result(s) for RedCap UE in FR1
2.2 Views on accuracy improvement via frequency hopping
The MIMO SRS frequency hopping has widely been applied to achieve power boosting (e.g., in LTE, Rel-8 and NR Rel-15). But, the frequency hopping there, is a hopping within the BWP.
Similar to the idea above, a frequency hopping of a reference signal for positioning can extend the bandwidth of the reference signal for positioning as shown in the following Figure 3. By concatenating multiple hops of reference signal for positioning, the effective bandwidth of reference signal for positioning can be enlarged.
It should be noted that, the channel condition between each hop should not change much. In a typical scenario (e.g., low mobility and LOS links), this condition might be fulfilled.
It should also be noted that, for each hop, because the RF chain (of a RedCap UE) should be tuned to another center frequency, a random phase between each hop will be introduced. Before concatenating these hops, this phase impact should be mitigated.
To verify this idea, some preliminary simulation results are provided in the next section.


Figure 3 Frequency hopping of a reference signal for positioning
2.3 Preliminary simulation results for positioning accuracy improvement
The simulation results are shown in the following Figure 4, Figure 5 and Table 1. The simulation assumption can be found in Appendix. From these simulation results, it can be seen that, with multiple frequency hopping, the positioning accuracy can be significantly improved if the phase between each hop can be correctly adjusted.
It can also be observed that, if the phase between each hop cannot be correctly adjusted, then the concatenated signal will be damaged by the random phase between each hop. It will even be worse than a single hop. Hence, we have the following observations
Observation 2: The random phase between hops will damage the positioning performance if it was not adjusted.
Observation 3: PRS frequency hopping can improve positioning performance if the random phase between hops can be adjusted.
It should be noted that, according to the limitation described in TS38.300, if multiple hops were introduced, it is not clear whether it will affect the processing capability of a RedCap UE. For example, whether it can support a large FFT size for DL. From our view, UL SRS frequency hopping is easier to RedCap UE from UE complexity perspective as large FFT operation is performed in gNB side rather than UE side.
Proposal 1: Consider at least SRS frequency hopping for positioning.
If the phase between each hop can be correctly adjusted, then the concatenated signal can be treated as a signal with extended bandwidth. To this end, some methods (e.g., some PRB/subcarriers between hops should be overlapped) should be introduced to estimate the phase difference between hops. Hence, we have the following proposal.
Proposal 2: To eliminate phase difference between hops, some methods should be researched.
The simulation setting is given in the Appendix.
[image: ]
Figure 4 Simulation results for hopping for RedCap UE (3 hops, 60MHz)
[image: ]
Figure 5 Simulation results for hopping for RedCap UE (5 hops, 100MHz)

Table 1 Simulation results for hopping
	
	Positioning Accuracy

	Case (InF-SH)
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%

	20MHz Only
	1.16
	1.44
	1.66
	2.26

	20+20+20 MHz, without Φ adjustment
	1.63
	2.14
	2.62
	3.22

	20+20+20 MHz, with Φ adjustment
	0.71
	0.87
	1.14
	1.56

	Full 60MHz
	0.546
	0.75
	1.07
	1.46

	5x20 MHz, without Φ adjustment
	5.68
	6.85
	7.6
	8.6

	5x20 MHz, with Φ adjustment
	0.262
	0.358
	0.442
	0.54

	Full 100MHz
	0.215
	0.272
	0.346
	0.43



Conclusion
In this contribution, we provide our views on positioning support for RedCap UE techniques as the following observations and proposals.
Observation 1: For FR1, the positioning performance is insufficient because of limited bandwidth.
Observation 2: The random phase between hops will damage the positioning performance if it was not adjusted.
Observation 3: PRS frequency hopping can improve positioning performance if the random phase between hops can be adjusted.
Proposal 1: Consider at least SRS frequency hopping for positioning.
Proposal 2: To eliminate phase difference between hops, some methods should be researched.
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[1] RP-213588, Revised SID on Study on expanded and improved NR positioning, 3GPP RAN#94-e.
[2] 3GPP TS38.300-h00, NR and NG-RAN Overall Description, Stage 2 (Release 17).

Appendix
Table 2 Simulation assumptions
	Parameter
	Setting

	Scenario
	InF-SH

	Carrier frequency
	4GHz

	Bandwidth / SCS
	20MHz, 20+20+20MHz, 60MHz, SCS=15kHz
20MHz, 5x20MHz, 100MHz, SCS=30kHz

	Phase between hops
	[bookmark: _GoBack]Uniform random, (-π, +π)

	Number of PRB for phase estimation
	4 PRB, 48 RE in total

	Phase estimation method
	Practical (non-ideal) estimation
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