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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk53665621]At the RAN#94e meeting, the SID on expanded and improved NR positioning RP-213588[1] was approved including the following objective related to RedCap positioning:
	· 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] 


At the RAN1#110bis-e meeting, the baseline performance for positioning of Redcap UEs for IIOT scenarios and commercial scenarios was concluded and the majority figured out that the target accuracy cannot be met.
	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.

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.



According to the SID, RAN2 may assist to identify essential enhancements for RedCap positioning based on the evaluation result. In this contribution, we discuss some potential enhancements and identify the specification impact from the RAN2 perspective.
2. Discussion
2.1	Potential enhancement for accuracy
Considering the limited bandwidth of RedCap UE, frequency hopping is proposed by companies in RAN1 as one potential solution to improve positioning accuracy for RedCap UE. 
Taking DL positioning as an example, the UE measures multiple PRS subbands by frequency hopping operation, wherein the bandwidth of each subband doesn’t exceed the maximum RF bandwidth supported by the UE; then, the UE aggregates these PRS subbands (that is, coherent combines multi-hops) and may achieve higher location accuracy than that in a single subband. To hop among different PRS subbands, the UE needs to perform RF retuning operation, so the time gap between adjacent hops should not be less than the RF retuning time.
In addition, to overcome the problem of ‘phase inconsistency’ of different hops caused by RF switching and/or Doppler, partial bandwidth overlapping is considered in adjacent hops for estimating and compensating the phase error between each hop. An example of frequency hopping is shown below in Figure 1.


Figure 1: Example of frequency hopping
At the RAN1#110bis-e meeting, the following observations were made based on the evaluation. For IIoT scenarios, the positioning accuracy requirement can be achieved with frequency hopping. On the contrary, the requirement cannot be met in commercial scenarios.
	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. 



To avoid unnecessary discussion on the frequency hopping, RAN2 shall not start the higher layer aspects analysis before RAN1 concludes the benefit. As the SI is expected to end at this meeting, we propose that RAN2 not discuss the frequency hopping in the SI phase. 
Besides, if the benefit of frequency hopping for REDCAP is concluded in RAN1, the standard impact is mainly on the capability and configuration transfer from the RAN2 perspective, which introduce limited work in RAN2 and can be further discussed in the WI phase with guidance from RAN1.
Proposal 1: No need for RAN2 to discuss the frequency hopping in the SI phase. If the benefit of frequency hopping for RedCap positioning is concluded by RAN1, RAN2 could design higher layer aspects of frequency hopping in the WI phase with guidance from RAN1.
2.2	Considerations on power saving
For some RedCap UEs, e.g., wearables, a battery life of multiple days is required. Hence, power saving mechanism for RedCap positioning should be considered. A common power-saving mechanism is DRX. However, based on the current RAN4 conclusion, the PRS measurement requirement is defined to be independent of DRX configuration. That is, even if the UE is configured with DRX, the UE still wakes up to measure PRS during the DRX inactive time. In our view, it will cause a violation of power saving if the UE receives PRS regardless of the DRX state. For example, in DRX mode, when the UE is in a deep sleep state, it would cost the UE at least 20ms to wake up only for receiving 1 PRS occasion.
We evaluated the power consumption impact of DRX on positioning measurements in our companion contribution [2] in Rel-17. It can be observed that when PRS measurement is reduced by DRX (reception of 1 PRS occasion every DRX cycle (160ms)), 34.19% power saving is gained, compared with PRS measurement regardless of DRX(reception of 2 PRS occasions every DRX cycle). 
Considering the DRX of RRC_IDLE/INACTIVE will be discussed in LPHAP, so the following analysis only focuses on CDRX.
In the current specification, except for PRS, CSI-RS for mobility and CSI-RS for CSI are impacted by DRX for power saving, which is described in TS38.214 as follows:
	CSI-RS for mobility
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer based on CSI-RS-Resource-Mobility. 
CSI-RS for CSI
If the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter ps-TransmitOtherPeriodicCSI to report CSI with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to quantities other than 'cri-RSRP' and 'ssb-Index-RSRP' when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer also outside DRX active time for CSI to be reported;


Therefore, we think DRX's impact on PRS measurement should also be considered for RedCap positioning. On one hand, if PRS cannot be measured outside drx-onDurationTimer or active time, the number of PRS measurement instances measured by the UE within a period will be smaller, which may lead to a decrease in accuracy performance. On the other hand, to ensure positioning accuracy, it takes a longer time for the UE to measure enough PRS instances, which leads to an increase in latency.
[bookmark: _Hlk529974035]Thus, how to balance the positioning accuracy/latency requirement and power consumption should be studied. For certain conditions (e.g., low mobility deployment/low UE speed/favorable RSRP/LOS conditions), the number of PRS measurement instances for a given duration (e.g., measurement period/response time) can be relaxed with negligible impact on accuracy performance. In this scenario, the UE only needs to measure and report the PRS within the CDRX on-duration time. Moreover, for positioning services with requirements on power-saving and low accuracy/latency, PRS measurement impacted by CDRX configuration may also be applied. In these cases, the LMF may indicate the required measurement to reduce the impact of CDRX on the positioning. For instance, after receiving the indication by LMF, the UE shall only measure PRS during CDRX active time. 
Furthermore, based on the above discussion, it is also better for the LMF to know about CDRX configurations to determine an optimal PRS configurations request(e.g., to align the PRS with CDRX) and to balance the positioning accuracy/latency requirement and power consumption.
Proposal 2: RAN2 to study the alignment of the positioning configuration with CDRX to optimize the power consumption of RedCap positioning in RRC_CONNECTED, the following solution can be considered as a baseline:
· The LMF acquires the CDRX configuration of the target UE,
· The LMF negotiates the PRS configuration with the RAN node,
· The LMF indicates the UE should perform PRS measurement within the on-duration period.
3. Conclusion
Proposal 1: No need for RAN2 to discuss the frequency hopping in the SI phase. If the benefit of frequency hopping for RedCap positioning is concluded by RAN1, RAN2 could design higher layer aspects of frequency hopping in the WI phase with guidance from RAN1.
Proposal 2: RAN2 to study the alignment of the positioning configuration with CDRX to optimize the power consumption of RedCap positioning in RRC_CONNECTED, the following solution can be considered as a baseline:
· The LMF acquires the CDRX configuration of the target UE,
· The LMF negotiates the PRS configuration with the RAN node,
· The LMF indicates the UE should perform PRS measurement within the on-duration period.
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