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Introduction
[bookmark: Source][bookmark: DocumentFor]In the previous RAN1#110-bis e-meeting [1], baseline performance for positioning of RedCap UEs were observed from evaluations on kinds of scenarios, also the influence of phase offset on positioning performance based on frequency hopping were observed. Besides, the evaluation parameters to analysis the influence of time gap between hops, the speed of UE for frequency hopping were agreed further. Based on the observed simulation results, parameters or aspects were defined for defining frequency hopping pattern.
	Observation
Capture the following observations in the TR, regarding the baseline performance for positioning of Redcap UEs for IIOT scenarios:
· Based on the results provided by a majority of X sources, for InF-SH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth.
· Sources in R1-2208457, R1-2210179 show that UL TDOA cannot meet the requirement
· Sources in R1-2209994, R1-2210179 show that multi-RTT cannot meet the requirement
· Sources in R1-2208803, R1-2208985, R1-2209061, R1-2209108, R1-2209153, R1-2209217, R1-2209491, R1-2209740, R1-2210179 show that DL-TDOA cannot meet the requirement
· Source in R1-2208652 shows that the requirement can be met using 20MHz of bandwidth.
· Source in R1-2208652 shows that the requirement cannot be met using 5MHz of bandwidth.
· Based on the results provided by a majority of X sources, for InF-SH in FR2, the horizontal positioning requirement for IIOT use cases is achieved by Rel.17 solutions using 100MHz of bandwidth.
· Sources in R1-2209994 show that multi-RTT can meet the requirement
· Sources in R1-2209217 show that DL-TDOA can meet the requirement
· Based on the result provided by the following source, for InF-DH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth.
· Source in R1-2209108 show that the requirements for IIOT use cases cannot be met for InF-DH. 
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions


Observation
Capture the following observations in the TR, regarding the baseline performance for positioning of Redcap UEs for commercial scenarios
· Based on the results provided by R1-2208457, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth and UL-TDOA.
· Based on the results provided by R1-2209740, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth and DL-TDOA.
· Based on the results provided by R1-2209994, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz or 5 MHz of bandwidth and multi-RTT.
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions. 


Observation
Capture the following observations in the TR:
Regarding the performance for positioning of Redcap UEs using frequency hopping in IIoT scenarios, considering phase offset between hops:
·  In FR1, based on the results provided by the following sources, 
· if the phase offset between hops in Frequency hopping is compensated, for InF SH the positioning requirement for IIOT use cases can be achieved using frequency hopping with partial overlap for the purpose of phase offset compensation,  
· Sources in R1-2208457 show that UL TDOA can meet the requirements
· Sources in R1-2208457, R1-2209217, show that DL TDOA can meet the requirements
· Sources in R1-2208652, show that the requirement cannot be met, even if the phase is compensated. 
· If the phase offset between hops in Frequency hopping is not compensated
· Sources in R1-2209217 show that DL TDOA can meet the requirements if the random phase offset is set to be smaller than 0.5*2π.
· If the phase offset is ideally compensated 
· Sources in R1-2208652, show that DL TDOA can meet the requirements
· In FR2, based on the results provided by the following sources,
· R1-2209994 observed that the requirements can be met even if the phase is not compensated
· R1-2209217 observed that PRS frequency hopping can improve positioning performance if the random phase between hops can be adjusted in FR2, InF-SH scenario.
· Note: Sources used different combinations of number of hops, gap size between hops and partial overlap sizes in their evaluations
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions. 


Observation
Capture the following observations in the TR:
Regarding the performance for positioning of Redcap UEs using frequency hopping in commercial scenarios, considering phase offset between hops:
· In FR1, based on the results provided (R1-2208457, R1-2209994), for the UMi positioning requirement for commercial use cases, positioning accuracy improvement is observed by X sources when the phase offset between hops in Frequency hopping is considered, if frequency hopping with partial overlap for the purpose of phase offset compensation is used, and if the phase offset is compensated.
· Source in R1-2208457 shows that positioning accuracy improvement is observed with UL TDOA with phase offset compensation but requirements are not met 
· Source in R1-2208457 shows that positioning accuracy improvement is observed with DL TDOA with phase offset compensation but requirements are not met  
· Source in R1-2209994 shows that positioning accuracy improvement is observed with Multi RTT with phase offset compensation but requirements are not met
· Note: Sources used different combinations of number of hops, gap size between hops and partial overlap sizes in their evaluations
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions. 


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

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.

Agreement
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

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 provide our considerations on frequency hopping and configuration of positioning RS to support positioning for RedCap UEs.
Discussion
2.1   RedCap UEs Capability limitation and positioning enhancement
Through the Rel-17 NR RedCap work item, 3GPP has established a framework for enabling reduced capability and reduced complexity NR devices suitable for a range of use cases, including the industrial sensors, video surveillance, and wearables use cases, with requirements on low UE complexity and sometimes also on low UE power consumption. The following UE complexity reduction features are supported in Rel-17:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches
· Maximum number of DL MIMO layers
· Relaxed maximum modulation order
· Duplex operation
In RAN1#110-bis e-meeting, the BB bandwidth reduction for RedCap UEs are limited to no more than ~5MHz per slot or per hop scheduled by a DCI for PUSCH resource allocation.
Various existing positioning algorithms, e.g. RTT, TDOA, AOA/D, could be performed directly by RedCap UEs theoretically. But as the evaluation results shown in [3], performance of timing-based positioning algorithms has a high correlation with the bandwidth of the PRS. Then we can predict the limited reference signal transmission bandwidth of RedCap UEs has a great negative impact on the accuracy of the positioning, just as the evaluation results observed in the last meeting. Worse, in Rel-18, in order to further reduce complexity of RedCap UE, the UE bandwidth would be further reduced to 5MHz in FR1, which is the same as the minimum bandwidth as the evaluations results shown in [3]. Therefore, the reduced bandwidth for RedCap UE discussed in Rel-18 is a bigger challenge to achieve the accuracy of the positioning required with scenarios in the RAN1#110 meeting [2]. So it’s necessary to study the mechanism to enhance the positioning accuracy with limited bandwidth.
One of the most frequently mentioned solution in the several previous meetings is frequency hopping, due to it provides benefit from frequency diversity and increase the effective bandwidth of PRS, which has already been introduced in FeMTC. In FeMTC, the frequency hopping pattern for PRS was defined, for example, the supported PRS bandwidth for frequency hopping is 6 PRB, and frequency hopping interval is one PRS occasion. To align the interpretation of PRS frequency hopping pattern between UE and base station, the hopping configuration is transmitted to UE including the number of PRS frequency hopping sub-bands, while the first sub-band is located at the centre of the system bandwidth. 
For NR RedCap UEs, if the enhancement for RedCap positioning is considered, we support to study PRS frequency hopping scheme. And for the detailed designs, we can take the PRS hopping pattern and the related configuration mechanism in FeMTC as a start point. That is to say, if frequency hopping is enable or supported for RedCap UEs, the hopping configuration from higher layer should contain at least the number of frequency hopping sub-bands and the frequency domain resource and time domain resource information of each frequency hopping sub-band. 
Proposal 1: For NR RedCap UEs, study the PRS frequency hopping scheme and consider the configuration including number of frequency hopping sub-bands, and resource allocation in time domain and frequency domain for each frequency hopping sub-band.
For frequency hopping, some additional aspects were considered together for the positioning performance. Such as influence introduced by phase offset between hops, time error or offset between hops, and UE speed. To reduce or eliminate the influences, more carefully design for frequency hopping pattern is needed. For example, to address the problem caused by phase offset, overlapped bandwidth between hops can be applied. Take the phase offset range is one kind of capability of RedCap UE into consideration, configurable overlapped bandwidth is more sensible to maximum the benefits on positioning for frequency hopping.
Proposal 2: For frequency hopping of PRS, support configuration overlapped bandwidth between two hops to address the influence caused by phase offset between hops.
By taking a hopping capability of a normal UE as a reference, time gap between two adjacent hops is needed for RedCap UE to perform the frequency hopping or combination of frequency hopping sub-bands. The minimum time is defined as 100us too. Therefore, in order to meet the positioning accuracy requirement, more than one measurement period may be needed to contain sufficient hopping sub-bands for positioning. It accordingly causes a longer delay of the measurement determination and reporting. So an aspect needs to be considered further to trade-off between the accuracy and delay performance of positioning.
In current PRS reception procedure [4], the UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from the numerology of the active DL BWP if the measurement is made during a configured measurement gap. For frequency hopping, there will be a RF tuning between each sub-band hopping. Then, it’s necessary to consider whether the location of hopping sub-band in time domain should be aligned with a measurement gap. 
Proposal 3: Support study the influence of measurement period, measurement gap configuration on pattern of frequency hopping for PRS.
Several sub-bands in different time domain and frequency domain resources are included in the pattern for frequency hopping, leading to a larger effective bandwidth for PRS transmission composed with these different resources in different sub-bands. However, the more sub-bands included, the higher probability that part of the effective bandwidth for PRS transmission from a cell is occupied temporarily by other cells.  Therefore, to utilize the frequency resources better and ensure a higher flexibility on resource allocation in frequency domain, a corresponding muting mechanism for disabling one or some of the frequency hopping sub-bands should be further studied.  
Proposal 4: For NR RedCap UEs, if frequency hopping is enable, study the muting mechanism for frequency hopping sub-bands.
2.2   PRS configuration for RedCap UEs
As mentioned in [5], reduced capability UEs may support a limited bandwidth. Then the PRS bandwidth in the PRS resource set based on the existed configuration of normal UE may be larger than the maximum bandwidth supported by the RedCap UEs. Therefore PRS configuration for RedCap UEs should be studied to align the configuration with the limited bandwidth and/or other capability related to positioning. The simplest way is to introduce a dedicated PRS configuration, but it will bring extra signaling overhead. By compromising the signaling overhead and complexity of specification, we can have different configuration schemes for different scenarios. For example, two different scenarios listed as follow are considered to maximum utilizing the exiting configuration of normal UE for RedCap UEs:
a)   RedCap UE is expected to measure the DL PRS resource within a measurement gap
b)   RedCap UE is expected to measure the DL PRS outside the measurement gap in a configured PRS processing window, and the active DL BWP of RedCap has the same numerology as the DL PRS.
In scenario a), the RedCap UEs can reuse the configured starting PRB of the DL PRS resource and calculate PRS bandwidth according to the supported maximum DL bandwidth. In scenario b), the RedCap UEs need to calculate start PRB of the DL PRS resource according to the location of the active DL BWP, and calculate the number of resource blocks configured for DL PRS transmission according to the supported maximum DL bandwidth, and then detect PRS from the part of PRS resources configured for normal UEs.
Proposal 5: For NR RedCap UEs, study how to reuse the PRS configuration scheme of normal UEs.
2.3   Others
To achieve the required accuracy of positioning for RedCap UEs, solutions other than frequency hopping is referred. Such as CPP, for which, evaluations with limited bandwidth can be used to preliminarily verify whether it is a possible solution. It can be further considered in the related AI if it works for RedCap UEs.
With the limited bandwidth, increase the resource in time domain can be considered as another method to increase the positioning performance for RedCap UEs with low speed. For example, using a small SCS for PRS in the limited bandwidth, smaller than 15 kHz in FR1, ensures signal received on sufficient REs per symbol, and provides benefits on positioning with the expense of more time resources. Then the aspects on co-existence of different SCSs on a same BWP should be studied further, including the resource alignment. 
[bookmark: _GoBack]Proposal 6: Consider using small SCS to increase the positioning performance for RedCap UEs with low speed at least.
Conclusion
In this contribution, we share our considerations on positioning support for RedCap UEs, and the following proposals are made:

Proposal 1: For NR RedCap UEs, study the PRS frequency hopping scheme and consider the configuration including number of frequency hopping sub-bands, and resource allocation in time domain and frequency domain for each frequency hopping sub-band.
Proposal 2: For frequency hopping of PRS, support configuration overlapped bandwidth between two hops to address the influence caused by phase offset between hops.
Proposal 3: Support study the influence of measurement period, measurement gap configuration on pattern of frequency hopping for PRS.
Proposal 4: For NR RedCap UEs, if frequency hopping is enable, study the muting mechanism for frequency hopping sub-bands.
Proposal 5: For NR RedCap UEs, study how to reuse the PRS configuration scheme of normal UEs.
Proposal 6: Consider using small SCS to increase the positioning performance for RedCap UEs with low speed at least.
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