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Introduction
In RAN1 #110b-e meeting, regarding the baseline performance for positioning of Redcap UEs for IIOT and commercial scenarios, the following observations were reached in Rel-18 [1]. 
	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.
· 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.
· 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.
· 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. 



 
In RAN1 #110b-e meeting, the following observations are also agreed to be captured in the TR for positioning of Redcap UEs using frequency hopping in IIoT and commercial scenarios [1]. 
	Observation
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,  
· If the phase offset between hops in Frequency hopping is not compensated
· If the phase offset is ideally compensated 
· 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
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.
· 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. 



This contribution discusses Rel-18 NR positioning enhancements specifically for UE capability and network efficiency of RedCap UEs.

RedCap UE capability and complexity consideration
For RedCap UEs, power consumption, hardware cost, resource overhead and application to a large number of UEs are the main requirements for positioning. Higher resource overhead will increase the service fee for positioning. In RAN1#110, discussion has been carried out on RedCap positioning from the perspectives of target requirement. The relevant agreements are excerpted as follows [2].
	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



To achieve the requirement of the accuracy for positioning estimation, advanced algorithm should be used, which is power consumption as discussed in Rel-17 and increase the UE complexity. In RAN1#110, it is agreed that RedCap UE capability and complexity should be taken into account when investigating the performance gain of frequency hopping of the DL PRS and UL SRS.

	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



The target accuracy requirements for RedCap UEs can be less than 1m for 90% of UEs. The transmission delay caused by 1m distance is 3 ns, which can be less than the time difference between the different paths in the multipath. So for high accuracy positioning, the algorithm should be able to differentiate different paths. The requirement of high accuracy positioning is much stricter than the requirement of other DL or UL signal processing, such synchronization, channel estimation, and demodulation etc., which increase the UE complexity in software and hardware.

For some advanced positioning methods, the positioning estimation is based on the result of channel estimation as shown in Figure 1. The channel estimation is the basic function of UE chipset. To reduce the complexity at the UE side caused by the position algorithm, it is proposed for RedCap UE to report channel estimation to its serving gNB or LMF and the gNB or LMF implement the position calculation with the reported channel estimation.
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Figure 1 Positioning procedure

Proposal 1: 
· To reduce the UE complexity, it is proposed for RedCap UE to report channel estimation to its serving gNB or LMF and the gNB or LMF implement the position calculation with the reported channel estimation. 

For IIoT scenarios, the number of gNBs/TRPs for distance/angle measurement is large. The larger the number of gNBs/TRPs, the higher the requirement of UE computation ability, because the distance/angle computation should be implemented in a certain period. For some measured data of neighbour cells, distance/angle computation with low complexity method can be helpful to lower the requirement for UE computation ability.

From the perspective of power consumption and hardware cost, ECID is widely used as the low complexity distance/angle estimation method. The RSRP and ΔRSRP reporting granularity can be 1dBm and 2dB respectively as listed Table 1 and Table 2. 
		Table 1: SS-RSRP and CSI-RSRP measurement report mapping [3]
	Reported value
	Measured quantity value (L3 SS-RSRP) and CSI-RSRP
	Measured quantity value (L1 SS-RSRP and CSI-RSRP)
	Unit

	……
	……
	……
	……

	RSRP_15
	-142≤ SS-RSRP<-141
	Not valid
	dBm

	RSRP_16
	-141≤ SS-RSRP<-140
	RSRP<-140
	dBm

	RSRP_17
	-140≤ SS-RSRP<-139
	-140≤RSRP<-139
	dBm

	…
	…
	
	…

	RSRP_112
	-45≤ SS-RSRP<-44
	-45≤ RSRP<-44
	dBm

	RSRP_113
	-44≤ SS-RSRP<-43
	-44≤ RSRP
	dBm

	RSRP_114
	-43≤ SS-RSRP<-42
	Not valid
	dBm

	……
	……
	……
	……

	Note:	The value of RSRP_127 is applicable for RSRP threshold configured by the network as defined in TS 38.331, but not for the purpose of measurement reporting.



Table 2: Differential SS-RSRP and CSI-RSRP measurement (for L1 reporting and L3 reporting) report mapping [3]
	Reported value
	Measured quantity value (difference in measured RSRP from strongest RSRP)
	Unit

	DIFFRSRP_0
	0≥ΔRSRP>-2
	dB

	DIFFRSRP_1
	-2≥ΔRSRP>-4
	dB

	……
	……
	……

	DIFFRSRP_14
	-28≥ΔRSRP>-30
	dB

	DIFFRSRP_15
	-30≥ΔRSRP
	dB



Depending on the distance from a UE to the gNB, the reporting granularity will cause tens of meters of positioning error. Even in InF-SH with large number of gNBs for RSRP measurements, there is still gap between the measured result and the requirement. However, the distances estimated from RSRP measurements of some neighbour cells can be good auxiliaries to the location measurement. As we know, in some scenario in InF-DH the initial path is not the strongest path, where the estimated distance error is compared to estimated error with RSRP. In these cases, ECID can be used for distance estimation to reduce computation complexity. These cases can be identified with reference to the measured value, e.g. RSRQ and SNR. Except the complexity reduction, if the rough position information is known before the implement of high accuracy positioning algorithm, the search range, the complexity of TX/RX beam sweeping and the scheduling complexity of PRS can also be reduced.

Proposal 2： 
· For IIoT scenarios, the number of gNBs/TRPs for distance/angle measurement is large. Distance/angle computation with low complexity method can be helpful to lower the requirement for UE computation ability.
Positioning for RedCap UEs with network efficiency
In UL positioning, an SRS is configured per UE. In some scenarios, the number of RedCap UEs is large and the SRSs should be configured orthogonally among the UEs in the same and different cells in the area, which is difficult for the gNBs and network. The following lists the issues caused by positioning with UL SRS for RedCap UEs:
  
· For the angle or time delay can be also estimated by neighbour cells with SRS, SRS used by different UEs should be different to differentiate these UEs when estimating even though these UEs are camped in different cells. When the number of RedCap UEs is large, the resource overhead is large.
· Since the SRS is configured per UE and the number of RedCap UEs is large, it would be difficult for gNBs and network to schedule SRS for these UEs among different cells. 
DL PRS can be shared by different UEs covered by the cell. From the perspective of resources efficiency, DL positioning is more economical than UL positioning, but for UL positioning, the delay estimation (e.g. time of arrival) is implemented by gNB, which can reduce the UE complexity. And since PRS is special for positioning, the positioning service with PRS may charge UE. To reduce the scheduling complexity at network, resource overhead, UE service fee and UE power, it is proposed that PRACH signal can be used for distance estimation calculation.  

Proposal 3：
· To reduce the scheduling complexity at network, resource overhead, UE service fee and UE power, it is proposed that PRACH signal can be used for distance estimation.

When the user is in a RRC_IDLE state, the user will be out of uplink synchronization. In order to be synchronized with the gNB uplink, the user will send a PRACH signal. In order to reduce power consumption and latency, the preamble sequence can also be used as the UL positioning reference signal. For RedCap UEs, TA can be used for positioning calculation. In NR, TA granularity is related with SCS of Msg3 and smaller TA granularity results in higher positioning accuracy as shown in Table 3. 
		Table 3: TA granularity impact on positioning error
	SCS
	TA granularity
	Distance measurement error

	15k Hz
	0.52us
	78m

	30k Hz
	0.26us
	39m

	60k Hz
	0.13us
	19m

	120k Hz
	0.07us
	10m



The CDF of distance estimation error with TA in the live network is shown in Figure 2.
[image: ]
Figure 2 CDF of distance estimation error with TA (SCS =15 kHz)

For the UL synchronization, the estimation accuracy can be much higher than the ability of TA reporting corresponding to TA granularity. To improve the positioning accuracy, smaller TA granularity should be specified. With smaller TA granularity, the performance in FR2 can approach the requirement for RedCap UE positioning.

Proposal 4：
· To improve the positioning accuracy, smaller TA granularity should be specified. With smaller TA granularity, the performance in FR2 can approach the requirement for RedCap UE positioning.


Conclusion
In this contribution, we discussed the methods of positioning for RedCap UEs to reduce the UE complexity and improve the network efficiency, and our proposals are summarized below: 

Proposal 1: 
· To reduce the UE complexity, it is proposed for RedCap UE to report channel estimation to its serving gNB or LMF and the gNB or LMF implement the position calculation with the reported channel estimation. 

Proposal 2： 
· For IIoT scenarios, the number of gNBs/TRPs for distance/angle measurement is large. Distance/angle computation with low complexity method can be helpful to lower the requirement for UE computation ability.

Proposal 3：
· To reduce the scheduling complexity at network, resource overhead, UE service fee and UE power, it is proposed that PRACH signal can be used for distance estimation.

Proposal 4：
· To improve the positioning accuracy, smaller TA granularity should be specified. With smaller TA granularity, the performance in FR2 can approach the requirement for RedCap UE positioning.
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