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In RAN Meeting #86, the SI [1] on NR positioning enhancement was approved as below.
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.
2. Study solutions necessary to support integrity and reliability of assistance data and position information: [RAN2]
a. Identify positioning integrity KPIs and relevant use cases.
b. Identify the error sources, threat models, occurrence rates and failure modes requiring positioning integrity validation and reporting. 
c. Study methodologies for network-assisted and UE-assisted integrity.
NOTE 4: Objective 2 is applicable to both, RAT-dependent and RAT-independent positioning methods.
In this contribution, we present our views on potential positioning enhancements.
Background
[bookmark: Pro2]3GPP Rel-16 specified various positioning techniques to support regulatory as well as commercial use cases. The target horizontal positioning requirements for commercial use cases studied in Rel-16 were <3 m (80%) for indoor scenarios and <10 m (80%) for outdoor scenarios. While in Rel-17, RAN1 needs to study the potential enhancement of NR positioning for more stringent requirements (such as <0.2m (90%), <100ms positioning latency, high efficiency, etc.) in the IIoT and commercial use cases. In this section, some considerations are proposed about those requirements. 
Rel-16 positioning techniques 
There are many RAT-dependent positioning techniques were introduced in Rel-16, such as DL-TDOA, UL-TDOA, DL-AOD, UL-AOA, and multi-RTT techniques. 
In the last RAN1 meeting, the baseline evaluation scenarios have been achieved. And we evaluated the accuracy, latency,  network efficiency, and device efficiency in [8] based on those agreements. The evaluation results and the performance gap with respect to Rel-17 requirements are identified and summarized in the Table 1.
[bookmark: _Ref47001688][bookmark: _Ref47001681]Table 1 The evaluation results of accuracy, latency,  network efficiency, and device efficiency in [8]
	
	
	Requirement target
	Achieved target in [8]
	Performance gap

	Accuracy
(Horizontal) 
	SH baseline
	<0.2m @90%
	0.08m@ 90%
	

	
	DH
	baseline
	<0.2m 90%
	0.13@90%
	

	
	
	{60%,6m, 2m}
	<0.2m 90%
	21.28m@90%
	21m

	Latency
	End to end
	100ms
	249.5ms
	149.5ms

	
	Physical layer
	10ms
	191.5ms
	181.5ms

	Network efficiency
	/
	257.14% in some FR2 case
	/

	UE efficiency
	Power
	/
	/
	/

	
	overhead
	<30%
	90% in some FR2 case
	60%



[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Hlk47108721]Based on our evaluation results in Table 1, it can be seen that the accuracy requirements can be achieved except the NLOS scenario of DH ({60%,6m, 2m}). There is no needed to introduce new technology to improve accuracy for baseline scenarios (i.e. the LOS scenario). But the user experience and achievability is bad in the NLOS scenario. So, for accuracy target, enhancement may be needed for the NLOS scenario in Rel-17.
Observation 1: 
· The accuracy requirements (0.2m@90%) can be met in the baseline scenario with Rel-16 technologies.
Observation 2: 
· The accuracy requirements (0.2m@90%) can not be met in the NLOS scenario ({60%,6m, 2m} in DH) with Rel-16 technologies.
Proposal 1: 
· The enhancements to improve positioning accuracy are needed for the NLOS scenario.
Besides, it observed that there is a huge gap between the requirement and the Rel-16 technology for latency, network efficiency, and device efficiency.
Proposal 2: 
· The enhancements are needed for positioning latency, network efficiency, and device efficiency.
Considerations for RS design 
DL PRS
It is observed that the physical layer latency is far away from the target <10ms from the evaluation in our companion contribution [8]. And the network efficiency has exceeded 100% and MGL/ MGRP needs to exceed 30% for small periodicity cases in FR2. So, the design of DL PRS needs to consider the requirements of high accuracy, low latency, network efficiency, and device efficiency together. The following potential enhancements for DL PRS design may be considered for Rel-17.
PRS priority with other DL signals and channels  
In Rel-16, the priority of PRS is lower than other DL signals and channels. In other words, UE will drop the processing of DL PRS when PRS overlapped with any DL signal or channel if measurement gap is not configured. In Rel-17, the low latency positioning service and requirement is one of the objectives in this study. If PRS processing is always of low priority, the positioning delay will be largely increased. So the priority of DL PRS needs to be discussed, e.g. the priority of  DL PRS for low latency positioning service. 
We propose that different physical layer priority indications of PRS should be introduced for low latency positioning. One example of the priority rule between PRS and other DL signals and channels with priority indication is shown in Table 2.        
[bookmark: _Ref40196045]Table 2 The priority rule between PRS and other DL signal and channel with a priority indication
	Positioning
	Communication
	To drop

	Low priority PRS
	Low priority DL signal and channel
	Low priority PRS

	Low priority PRS
	High priority DL signal and channel
	Low priority PRS

	High priority PRS
	Low priority DL signal and channel
	Low priority DL signal and channel

	High priority PRS
	High priority DL signal and channel
	High priority PRS


                                                                                                                                                                                                       
Proposal 3: [bookmark: p4] 
· Introduce the priority indications of PRS for low latency positioning in Rel-17.
PRS FDM multiplexing with other DL signals and channels
PRS FDM multiplexing with other DL signals and channels is another option to reduce latency. For example, if a measurement gap is not configured due to long time interruption of data, PRS can be configured at the RB level outside of the RBs where data is allocated, so that the UE can process PRS and data at the same time. In this way, it ensures low latency for data services and positioning services.  Therefore, we propose that, 
Proposal 4: 
· PRS FDM multiplexing with other DL signals and channels at RB level ouside of PRS time-frequency grid should be studied in Rel-17 .

On demand PRS 
In section 8.12.3.2 of TS 38.305 [3], for DL TDOA positioning, the procedure between LMF and gNB only supports the gNB to provide assistance data to the LMF. It doesn't support the LMF to update the PRS configuration information. The procedure is illustrated in Figure 1.


[bookmark: _Ref40196156]Figure 1 LMF-initiated Assistance Data Delivery Procedure
[bookmark: _Hlk47622945]Although many configuration options such as the muting pattern, repetition factor, and frequency layer are defined in Rel-16, the LMF still cannot dynamically change these configurations according to the demand because the LMF update procedure to gNB isn’t supported. This may lead to the failure of positioning or measurement. For example,  the PRS collision among TRPs may occur and interference may appear because of the drifting of network synchronization or adding/removing TRPs, which in turn degrades the positioning performance. Even so, the LMF cannot coordinate PRS configurations.
If the update procedure initiated by LMF is supported, LMF can also help gNB to avoid interference, considering that only LMF knows all the configuration of the neighboring cells. In addition, the LMF can adjust PRS configuration according to different positioning needs or demands from the UE or upper layers. For instance, PRS configuration (e.g. bandwidth, period, repetition factor, time/frequency mapping pattern or muting pattern etc.) can be changed by the demand of higher accuracy, lower latency or higher device efficiency, which is helpful to achieve the positioning requirement in Rel-17. 
We analyze the performance of on demand PRS for latency, network and device efficiency, where PRS is configured for the on demand services. The latency, network and device efficiency between the on demand PRS and periodic PRS are compared as below in Table 3.
[bookmark: _Ref47185034][bookmark: _Ref47185022]Table 3 The latency, network and device efficiency of the on demand PRS and periodic PRS in FR2
	Option
	Periodic PRS
	On demand PRS

	Configuration
	Period 20ms
	Period 160ms
	Period 10ms， repetition :16 
Muting and MG for on demand service

	Latency
(Min Per UE)
	= choice{ MGL for 18BS }=18ms
	= choice { MGL }
=18 ms
	
, choice{ MGL for min BS()} =4 ms


	Latency
(Max Per UE)
	 
=40ms
	
=180ms
	


	Network efficiency
	 
=51.42% 
	6.42%
	 

	UE efficiency
	
=90%
	11.5625%
	 

=2.5%~40%


Note 1: the parameter assumption is summarized in Annex.
It is observed that the latency, network, and device efficiency will be reduced by on demand PRS. Therefore, we suggest to introduce on demand PRS in Rel-17 and add a new procedure to enable the LMF to update the PRS configuration for the on demand service (i.e. on demand PRS ). 
Proposal 5: [bookmark: p5]
· The on demand PRS should be introduced in Rel-17.

Aperiodic PRS 
Aperiodic PRS (A-PRS)can be regarded as a special on demand PRS. It is generally understood that aperiodic and dynamic schedule is helpful for latency. For example, the DCI schedule is faster than the RRC. For positioning, the latency of A-PRS will be not limited by periodicity, which may be helpful to reach the latency target. For example, the latency of period PRS would be bigger than the period of PRS or MG, while A-PRS does not need to wait for the full PRS period. But many issues need to be discussed for A-PRS. For example, how to trigger the neighbouring cells to transmit A-PRS; given PRS is a cell-specific signal, if triggered for a UE, whether and how to use for other UEs. Therefore, we propose 
Proposal 6: 
· The Aperiodic PRS should be studied in Rel-17.
Other enhancements for PRS configuration
To meet the requirements of Rel-17, we believe the principle should be: on the premise of ensuring accuracy, minimize latency, power consumption and RS overhead. Therefore, other enhancements for PRS are listed below:
· Concentrated PRS distribution. For reducing latency, when measurement gap is configured, the UE can centrally process PRS resources of a frequency layer within a measurement gap without switching multiple measurement gaps. For power consumption, concentrated PRS processing reduces the number of times the UE wakes up.
· Reduce the number of frequency layers to be measured. The UE is assumed to process 1 frequency layer within a measurement gap. Therefore, the latency and power consumption for processing PRS in multiple frequency layers may increase. If the number of frequency layers is reduced, both latency and power consumption will be reduced accordingly. In addition, considering that the deployment in IIoT scenarios (e.g. only 18 TRPs) is relatively simple, it is feasible to configure all TRPs within fewer frequency layers. 
· Reduce the number of PRS resources to be measured. Reducing PRS resources can be further extended to reduce the number of TRPs, resource sets, repeated PRS resources or PRS beams which are unnecessary. For example, the UE can be restricted to measure and report the PRS from selected TRPs indicated by the LMF.
· Partial staggered pattern. In IIoT scenarios, the delay spread is small and the distance between TRPs is small. Therefore, the performance between partial staggered pattern and full staggered pattern may be close. In addition, under the condition of the same number of PRS resources, the partial staggered pattern duration is shorter, so that the latency and RS overhead can be reduced.
· Configuring shorter period for PRS. When receiving the measurement report request from the LMF, the UE may response corresponding PRS measurement. However, if the request is between two consecutive periodic PRS occasions, in order to report new PRS measurement, the UE may wait for the next PRS period to obtain new PRS measurement. If the period of PRS is large, it will have a big impact on latency. Therefore, to meet the latency requirement, configuring short PRS period is beneficial.  
UL PRS
For UL PRS enhancement, the following potential enhancements and considerations are proposed.
PHR of SRS for positioning
For SRS-Resource, the serving cell can evaluate the UE power by the PHR of type 1 or type 3 and adjust power by the parameters configuration (alpha, P0, resource) and power control state. However, for Rel-16 SRS-PosResource, the power is open loop and also calculated by the neighboring cell signal (such as DL PRS). In these cases, the serving cell doesn’t know any information about its power or power headroom and the reference signal (such as DL PRS) information. So, it is hard to calculate the interference and control the power for the serving cell. For example:
Case 1: The UE is near the serving cell and far away from a neighboring cell. It will transmit SRS-PosResource with the high power when the spatial relationship pointed to the neighboring cell. It may lead to strong interference in the serving cell. But there is no way to detect and adjust for the serving cell.
Case 2:  In the intraband CA and multi-CC case, the serving cell also needs to know the power or the PHR of SRS-PosResource for power control.
In general, we suggest to report PHR based on SRS-PosResource for better power control.
Proposal 7: [bookmark: p6] 
· PHR based on SRS-PosResource should be introduced in Rel-17.

SRS priority with aperiodic SRS SRS-PosResource and low latency positioning
	TS 38.214-g10
For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent and periodic SRS is configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s). A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only. 
< irrelevant parts are omitted >
If an SRS configured by the higher parameter SRS-PosResource collides with a scheduled PUSCH, the SRS is dropped in the symbols where the collision occurs


In current TS 38.214, the priority of aperiodic SRS (both SRS-Resource and SRS-PosResource) is higher than PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only. The priority of SRS-PosResource (including aperiodic SRS-PosResource) is lower than a scheduled PUSCH.  It can be inferred that the priority of PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only is lower than a scheduled PUSCH. We think it is worth to reconsider priorities rules for aperiodic SRS-PosResource in Rel-17.
In Rel-16, the priority of SRS-PosResource is lower than any scheduled PUSCH. In another word, any scheduled PUSCH can drop SRS-PosResource. In Rel-17, the low latency positioning and requirement of this SI may require different priority rules. 
In Rel-16, different physical layer priority indications are introduced for URLLC service. Similarly, we think different physical layer priority indications of SRS-PosResource should be introduced for low latency positioning. One example of the priority rule between SRS-PosResource and scheduled PUSCH with priority indication is shown in Table 4.
[bookmark: _Ref40196523]Table 4 The priority rule between SRS and scheduled PUSCH with priority indication
	Positioning 
	Communication 
	To drop

	Low priority SP/P SRS
	Low priority scheduled PUSCH
	Low priority SP/P SRS

	Low priority SP/P SRS
	High priority scheduled PUSCH
	Low priority SP/P SRS

	Low priority AP SRS
	Low priority scheduled PUSCH
	Low priority scheduled PUSCH

	Low priority AP SRS
	High priority scheduled PUSCH
	Low priority AP SRS

	High priority SP/P SRS
	Low priority scheduled PUSCH
	Low priority DL signal and channel

	High priority SP/P SRS
	High priority scheduled PUSCH
	High priority SP/P SRS

	High priority AP SRS
	Low priority scheduled PUSCH
	Low priority scheduled PUSCH

	High priority AP SRS
	High priority scheduled PUSCH
	High priority scheduled PUSCH


Proposal 8: [bookmark: p8] 
· Introduce the priority indications of SRS-PosResource for low latency positioning in Rel-17.

Aperidic SRS 
One of the main issues in Rel-17 positioning is the latency needs to be less than [10ms]. It is well known that aperiodic operationcan help to reduce latency. And SRS includes periodic, semi-persistent, aperoidic. It is worth evaluating the latency, network and device efficiency of the period and aperoid SRS, considering the period, semi-persistent is the same in many aspects. The evaluation results are summarized as below 
Table 5 The latency, network and device efficiency of period and aperoid SRS in FR2
	Option
	Periodic SRS
	A-SRS

	Configuration
	Period1 10ms
	Period2 160ms
	SlotOffset  INTEGER (1..32)

	Latency
(Min Per UE)
	= SymbolNum*BeamNum 
=0.42ms
	=0.42ms
	


	Latency
(Max Per UE)
	
	
=160ms
	


	Network efficiency
or
UE efficiency
	 
= 
	 
= 
	 
=  


Note 1: the parameter assumption is summarized in Annex.
Note 2：the gNB process delay isn’t included in the minimum and maximum latency evaluation.
It is observed that the latency, network, and device efficiency will be reduced by A-SRS. Therefore, we suggest studying enhancements of A-SRS for positioning in R17.
Proposal 9:  
· Enhancements of aperiodic SRS for positioning should be studied in Rel-17.

SRS sequence for positioning
In Rel-15 and Rel-16, SRS sequence generation is based on ZC sequence, as ZC sequence has good auto correlation, cross correlation and PAPR properties. However, in NR Rel-16, to reduce PAPR for UL with transform precoding on and pi/2-BPSK modulation, new DMRS sequence are introduced. For new DMRS sequence, when sequence length is larger or equal to 30, Gold sequence is used; otherwise, CGS is used. 
During Rel-16 positioning SI, it has been clearly shown by multiple sources that UL positioning performance is much worse than that of DL especially for outdoor scenarios. One reason we believe is the limited transmit power of UE and hence limited UL coverage for positioning. Thus, motivated by the usage of new DMRS sequence for NR in Rel-16, we investigate the performance of SRS for positioning with different sequence generation.   
Similar to the low PAPR DMRS sequence design in Rel-16, SRS sequence generation can also reuse the new DMRS sequence to further reduce PAPR. Additionally, due to low PAPR property, SRS coverage and positioning accuracy would be enhanced. The PAPR performance comparison between ZC sequence and Gold sequence are depicted in Fig. 3. From the evaluation, it can be seen that Gold sequence provides better PAPR performance than ZC sequence.  
[image: ] [image: ]
[image: ] [image: ]
Figure3 PAPR performance between ZC and Gold sequence
Based on the UTDOA evaluation assumption of UMi scenario in TR38.855 [4], we further evaluate positioning performance between ZC sequence and Gold sequence above.  Since the PAPR of Gold sequence above is lower than ZC sequence, it can be assumed that if Gold sequence is used as the uplink positioning sequence, the maximum transmit power of the UE can be improved compared to using ZC sequence. 
For fair comparison, we select 60 UEs with limited positioning performance due to low uplink coverage. Take the results of PAPR performance in Fig. 3 into account, we first compare the positioning performance of the two sequences in the case where the transmit power of Gold sequence is 1 dB higher than that of ZC sequence which is depicted in the left side of Fig. 4. It is observed that 1 dB boosting of transmission power lead to a better performance of Gold sequence than that of ZC sequence. When the transmit power of Gold sequence is improved by 2 dB, while ZC sequence still maintains the original transmit power, an even larger performance gain of Gold sequence with 2 dB boosting is observed. It is confirmed that the uplink positioning sequence with lower PAPR can achieve better positioning performance, especially in the case where the uplink coverage is limited. Therefore, based on our evaluation results, we propose to reuse DMRS sequence for DFT-s-OFDM waveform based PUSCH for pi/2-BPSK modulation agreed in Rel-16 for SRS sequence generation for positioning.
In addition, the pi/2-BPSK modulation sequence which is based on the Gold sequence has large sequence size compared to ZC sequence. This property is beneficial for positioning as it can guarantee different sequences for different UEs.
 [image: ][image: ]
Figure4 Positioning performance between Gold sequence (1dB (left) and 2dB (right) transmit power boosting) and ZC sequence
Proposal 10: [bookmark: p9]
· Support to reuse low PAPR RS agreed in Rel-16 MIMO for SRS sequence generation for positioning in Rel-17.
There is no need to search any new sequence if reusing the existing DMRS sequence for DFT-s-OFDM based PUSCH. Thus only a new signaling for UE is needed to indicate the sequence currently in use. This will not introduce too much signaling overhead at all especially if the SRS sequence indicator is contained in the RRC signaling for positioning. The gNB RX procedure can be the same as the existing SRS.

Other considerations for UL PRS
· Limited uplink bandwidth.  The bandwidth of SRS for positioning is limited by the bandwidth of BWP which limits the upper bound of accuracy. Limited uplink bandwidth for uplink positioning should be considered in Rel-17.
· Consider other UL RS as UL PRS. For example, for positioning in idle/inacitve states, signals for PRACH may be considered as UL PRS if SRS is not applicable.
Considerations for measurement and report 
In this section, some enhancements and considerations for measurement and report in Rel-17 are discussed.
Aperiodic positioning measurement report
In current specification TS37.355 [5], there are several reporting methods as below:
· Periodical reporting. The UE may provide periodic location information reports with the same time interval between two consecutive reports. The interval also indicates the response time requirement for the first location information report. The UE report amounts of 1, 2, 4, 8, 16, 32, 64, or infinite/indefinite number and report intervals of 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds. 
· Triggered reporting. Triggered reporting is only applicable for ECID. The UE provides requested location information each time the primary cell has changed.
· Immediately reporting. For immediately reporting, the high layer parameter responseTime field indicates the maximum response time as measured between receipt of the RequestLocationInformation and the transmission of a ProvideLocationInformation.the value of responseTime is between 1 and 128 unit, the units are 1 second or 10-seconds.
In Rel-17, the target latency requirement is < 100 ms; for some IIoT use cases, latency in the order of 10 ms is desired. The target latency of Rel-17 cannot be achieved considering the minimum latency is 1s in the current Rel-16 specification.
Observation 3: [bookmark: o1]
· The target latency of Rel-17 cannot be achieved based on the current Rel-16 specification.
Therefore, firstly, we think that a finer granularity of the response time for UE can be introduced. So we propose:
Proposal 11: [bookmark: p10] 
· Introduce 10 ms level granularity for the response time and reporting intervals in CommonIEsRequestLocationInformation.
In addition to the above 3 reporting methods, in order to meet the requirement of low latency, aperiodic reporting should be considered. For example, when a UE is configured to provide periodic location information reports, the LMF can maintain the location information reported by the UE in every period. However, if the period is large, once it receives an urgent positioning request, the LMF has to wait for the next periodic location report to obtain positioning information or response immediately with previous positioning information, either increase latency or loss accuracy. Aperiodic reporting may be a solution to this problem. Compared with immediately reporting, the latency of aperiodic reporting in the physical layer is shorter; in addition, aperiodic reporting can be used together with other reporting methods such as periodic reporting, while for immediately reporting method, it cannot be used together with periodic reporting according to current specification. Therefore, to respond to positioning information in time, aperiodic positioning report for NR positioning enhancement should be considered. 
Similar to aperiodic SRS triggering for positioning, for aperiodic positioning report, the LMF may send a signaling to indicate the serving gNB with aperiodic report request. Then the gNB triggers aperiodic report via signaling such as DCI. However, unlike aperiodic SRS, the triggering of aperiodic positioning report only involves the signaling interaction between the UE, the serving gNB and the LMF. It does not involve the interaction with neighboring gNBs, so that from the perspective of signaling latency, aperiodic positioning reporting may be feasible.
Therefore, we propose
Proposal 12: [bookmark: p11]
· Aperiodic positioning measurement report can be considered in Rel-17 .

Measurement gap related information report
It has been agreed that the UE is not expected to process DL PRS without configuration of measurement gap in Rel-16.  When measurement gap is configured, it is up to UE’s implementation to report PRS measurement outside the time window of measurement gap. Therefore, an indication in the measurement report may be introduced to indicate a measurement corresponding to measurement gap or not, which assists the LMF to select reliable location information and then optimize the positioning results based on the remaining information.
Proposal 13:  
· Measurement gap related indication should be included in positioning measurement report .

Idle /inactive positioning measurement and report
Nowadays, many applications which provide trajectory tracking functions are widely used such as childcare tracking etc. These applications require periodic positioning. Without supporting idle/inactive mode positioning, UE needs to switch between connected and idle mode continuously, which leads to lots of signalling overhead. Moreover, in some scenarios where flow of people needs to count or lots of user locations need to obtain, all UEs have to go back to connected mode to perform positioning which would cause large UE power consumption. If positioning can be performed without entering the connected mode, both the UE power consumption and the signalling overhead could be reduced. Idle/inactive positioning is both benefit for UE-assisted positioning and UE-based positioning.
For UE-assisted positioning, the UE performs the PRS measurements and then sends the measurement to the LMF. From our point of view, both measurement and report can be done without entering the connected mode. The UE-assisted positioning has the following benefits:
· the power consumption can be reduced since the UE maintains lower power consumption when the UE is not in connected mode. In our companion contribution [9], we evaluated power consumption for positioning in idle state. It is observed that positioning measurement and report in the idle state can obtain at least 48.38% power saving gain comparing with positioning measurement and report in the connected state.
· the latency and signaling overhead of positioning can be reduced without entering the connected mode. In our another companion contribution [8], it is observed that additional latency of 40~200ms would be introduced if UE switches to connected state from idle state for positioning measurement and report,
For UE-based positioning, the UE performs the PRS measurements and then performs the calculations for the location determination. Since the calculations for the location determination is performed at the UE, the UE based positioning at least has the following benefits:
· the signaling overhead of measurement reporting are avoided, which is important to meet the target of positioning for massive UEs
· the latency of positioning can be reduced, which is critical for services require real-time or low latency positioning
· the power consumption can be reduced for measurement reporting and location retrieval is skipped, which is very attractive to IoT devices
· UE based positioning enables the possibility of more advanced algorithms in making use of RAT-dependent information and RAT-independent information together for various scenarios
Furthermore, in section 6.7.1 of TS23.273 [6], event reports in idle state has been supported for low power periodic and triggered 5GC-MT-LR procedures. If the UE and NG-RAN node both support EDT, the UE may send an RRCEarlyDataRequest message to the NG-RAN node and includes a NAS control plane service request which contains an event report including the information such as the type of event being reported and any location measurements or location estimate. From the perspective of SA2, to save UE power, reporting location information in idle states is recognized. Correspondingly, we believe that on the RAN side, especially for RAN1, idle or inactive states positioning report should also be supported.   
From the perspective of RAN1, idle or inactive positioning may have the following impacts：
·  When reporting measurement or estimate information, some issues should be considered such as how to allocate suitable uplink resources e.g. RACH resources, Msg3 or MsgA resources or how to compress the size of the reported information.
· When obtaining assistant data,  also need to consider whether the assistant information is broadcast or unicast. Furthermore, we should also study which assistant data should be changed such as some assistant data dedicated to the connected mode.
· How to measure or send positioning reference signal for the UE in idle and inactive states also needs to be studied.
Therefore, we propose that,
Proposal 14: [bookmark: p12]
· Positioning in idle/inactive states should be supported in Rel-17.
Considerations for physical-layer procedure
Physical procedures for positioning enhancement should also be considered for objectives such as accuracy, latency and Network/UE efficiency.  Some enhancements and considerations are discussed below.
Positioning BWP switching
In current specification, 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. However, using measurement gap to perform measurement may lead to data interruption especially for the cases with large gap length. For the gap length of 6ms, at least 6ms of data service interruption will be caused, and during this time the UE may only be able to measure PRS. Long-term interruption of data service is unacceptable, especially for URLLC services with high priority in IIoT scenarios. However, limiting PRS measurement within active DL BWP cannot guarantee the positioning accuracy. Therefore, we propose to introduce ‘positioning BWP switching’ as an alternative to using measurement gap. When the UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from the numerology of active DL BWP, the UE can switch to a ‘positioning BWP’ to perform PRS measurement. The data can also be transmitted on the ‘positioning BWP’ and the data will only be interrupted during BWP switching.
Proposal 15: [bookmark: p13] 
· Positioning BWP switching can be considered in Rel-17 as an alternative to using measurement gap.

Positioning measurement window
In Rel-15, SMTC has been defined. SSB-MTC is used to configure measurement timing configurations and includes duration which is the duration of the measurement window in which to receive SS/PBCH blocks. For PRS, the expected RSTD and expected RSTD uncertainty is used for per TRP, and the different resources and resource sets also have a different offset. Thus, the PRS signal may be distributed over any position of the period like figure A in Figure 5, which has a bad impact on power consumption.
Based on the UE power saving study in 5.3.2 of TR 38.840 [7], it is observed that when “UE can limit the processing for measurement within a constrained time period and/or with reduced complexity,  26.43% - 37.5% power saving gain is shown.” So we propose a PRS measurement window within a constrained duration (which can be called PRS-MTC) should be introduced in Rel-17 for UE power efficient positioning.

[image: \\172.20.12.5\VDI_CA_DATA_v1$\OAFolder\11070509\AppData\Roaming\vchat\ChatFiles\2020-05\e18514a8-afdf-4c47-a56d-b55344398d96.png]
[bookmark: _Ref40197178]Figure 5 The distribution of PRS without or with PRS-MTC
Proposal 16: [bookmark: p14]
· Support to introduce positioning measurement window in Rel-17.

On demand measurement gap for positioning
On demand PRS is discussed in clause 3.1. Considering that the UE is not expected to process DL PRS without configuration of measurement gap, correspondingly, to support on demand PRS measurement, on demand measurement gap for positioning should be introduced.  The design of on demand measurement gap can follow the progress of on demand PRS study.  
Proposal 17: 
· Support to introduce on demand measurement gap for on demand PRS in Rel-17.

Priority rules for positioning measurement and report
Reducing latency and power consumption for PRS measurement is part of objectives in this SI. From our point of view, reducing the number of PRS to be measured may reduce latency and power consumption for PRS measurements. For example, the UE may be configured with multiple TRPs, but it is no needs to measure all TRPs, since measurements from several TRPs are enough for positioning.  In addition, considering the LMF may obtain the approximate location of the UE according to the primary cell ID reported by the UE, it may roughly determine the TRPs around the UE, and then configure the UE to measure PRS resources from these TRPs. Therefore, these TRPs can be indicated with higher priority and the UE should measure PRS resources from these TRPs  and optionally measure PRS resources from other TRPs.   Indication of higher priority of TRPs to be measured enables UE to measure PRS resources more efficiently. Besides that, the priority rules can also be used for PRS measurements from multiple frequency layers, mutilple resource sets or mutiple resources within a TRP.  The priority of  PRS measurement is still discussed in Rel-16 at the same time. However, taking into account the progress of positioning enhancement in Rel-17, we believe that it is still necessary to continue research on the priority of PRS measurement in the Rel-17 stage.  
In addition to measurement, priority rules may also be used for location report. For instance, the UE may report high-priority location information using the method with low latency such as containing location information in early fix report.  Thus, the LMF can obtain important location information earlier.
To reduce latency and power consumption, priority rules for positioning measurement and report can be considered.
Proposal 18: [bookmark: p15]
· Priority rules for positioning measurement and report can be considered in Rel-17 positioning.
Considerations for NLOS scenario
As we showed in our companion contribution [8], the accuracy can hardly meet the requirement with the existing positioning techniques in some NLOS scenarios (e.g., {60%, 6m, 2m} of InF-DH). The problem is that when in scenarios of almost NLOS conditions, severe timing or angle measurement errors are introduced, which leads to inaccurate location estimation for Rel-16 positioning techniques. As shown in Figure 6, it is observed that positioning performance in such scenario ({0.6,6,2}) is much worse than baseline scenario. The positioning performance is severely impacted by NLOS even with large bandwidth.  So it is necessary to improve the accuracy in those NLOS scenario. 

[image: ]
[bookmark: _Ref40195926]Figure 6 Performance with DL-TDOA in baseline and optional scenario for FR1
Table 6 Evaluation results (m) with DL-TDOA in baseline and optional scenario for FR1
	
	
	50%
	67%
	80%
	90%

	FR1
	DH {0.4, 2, 2}
	0.04
	0.05
	0.08
	0.13

	
	DH {0.6, 6, 2}
	6.13
	7.76
	13.38
	18.71



NLOS is a difficulty to resolve for positioning. But it may be improved in IIoT considering the environment is fixed, and the factory is not sensitive to cost. In this section, two technologies are proposed to improve positioning accuracy in NLOS, differential positioning technique and machine learning

Differential positioning technique
In GNSS field, it is common to correct the errors and provide high accuracy positioning services based on the reference station. So, it is natural for us to consider the same idea to eliminate NLOS errors because of the clutter in the factory.
In an industrial factory, the NLOS of UEs in the adjacent area can be assumed to be similar. The measurement results of the reference points can be used to calculate the NLOS error or other measurement error by comparing its’ real location with the estimated location, then the NLOS error or other measurement error can be provided to the nearby UEs to compensate for the error accordingly. The differential positioning can also be used with Rel-16 positioning techniques to improve positioning accuracy. 
It is worth noting that the spatial consistency model is also an optional scenario for positioning evaluation. The channel and RSTD are spatially consistent. So we can simulate and compare the performance between differential positioning technique and R16 technology in that scenario. 
The simulation procedure as below:
Step 1: Randomly scatter 540 UEs in DH with the spatial consistency model;
Step 2:  Randomly select a half UE as the reference point;
Step 3: Calculate the measurement result and error of the reference point;
Step 4: Map the  of a UE to one or multiple reference point based on the Euclidean distance of  RSTD vector;
Step5: Modify the measurement result of UE based on the reference point,that is   
Step 6: Compare the positioning result error based on  and .
And the simulation results are summarized in below:
[image: ]
Figure 7 Simulation results (m) with differential positioning and DL-TDOA in DH scenario for FR1
Table 7 Simulation results (m) with differential positioning and DL-TDOA in DH scenario for FR1
	Scenario 
	technique
	50%
	67%
	80%
	90%

	FR1, DH {0.6,6,2}
	Differential positioning
	2.65
	3.83
	4.67
	7.29

	
	DL-TDOA
	6.49
	10.35
	15.33
	24.59



Based on the above simulation results, it is observed that the positioning accuracy can be improved by the differential positioning. It is worth noting that the performance of differential positioning can be further improved by the amount of the reference points.
Proposal 19: 
· The  differential positioning can be studied as potential positioning techniques for the NLOS scenario.
· Considering combining differential positioning with Rel-16 positioning techniques to improve the positioning accuracy
Machine learning positioning technique
Machine learning has been used in many domains recently, such as artificial intelligence, pattern recognition, and so on. Machine learning is good at mine useful information or extracts useful features from a lot of data, whose information or features are hard to extract by traditional statistical methods. If machine learning is used in positioning, more features about the location may be extracted by training in advance with a large number of data, which is helpful to improve the positioning accuracy in NLOS conditions.
As everyone knows, the first peak timing in the channel impulse response is the delay of signals propagates through the LOS path. While it is inaccurate in the NLOS scenario. However, we think the channel impulse response may have a similar feature when UEs are in the adjacent area even though under the NLOS conditions or other multipath situations. So, a machine learning model based on channel impulse response can be used to improve positioning accuracy.
The machine learning model is trained by training data collected in advance. And the most important problem in machine learning positioning is data processing. In fact, there are already many mature machine learning models whose performance has been verified, such as Googlenet, Resnet. Therefore, it can be used to train a positioning model in advance. 
Finally, the simulation result with machine learning and DL-TDOA is shown in below in Figure 8. 
[image: ]
Figure 8  Simulation Evaluation results (m) with machine learning and DL-TDOA in DH scenario for FR1
Table 8 Simulation results (m) with machine learning and DL-TDOA in DH scenario for FR1
	Scenario 
	technique
	50%
	67%
	80%
	90%

	FR1, DH {0.6,6,2}
	Machine learning
	2.49
	3.05
	3.64
	4.603

	
	DL-TDOA
	6.49
	10.35
	15.33
	24.59


It is noted that the performance of machine learning has a big space to improve. The performance of machine learning can increase with the amount of train data, different machine learning models, and the channel model.  Although much optimization has not been conducted, the performance of machine learning has a lot of improvement compared to DL-TDOA based on the above simulation result. Therefore, we propose
Proposal 20: 
· Machine learning techniques can be studied as potential positioning techniques for the NLOS scenario in Rel-17.
1. Summary of positioning enhancements
In this section, we further classify positioning enhancements discussed above, according to positioning metrics of  high accuracy, low latency, network efficiency and device efficiency.
[bookmark: _GoBack]Table 9 Summary of positioning enhancements
	Potential enhancement
	High accuracy
	Low latency
	Network efficiency
	Device efficiency

	· DL PRS

	· Priority of PRS with other DL signals or channels
	
	√
	
	

	· PRS FDM multi-plexing with other DL signals and channels
	
	√
	
	

	· On demand PRS
	
	√
	√
	√

	· Aperiodic  PRS
	
	√
	
	

	· UL PRS

	· PHR based on SRS-PosResource
	
	
	√
	

	· Priority indications of SRS-PosResource
	
	√
	
	

	· Aperiodic SRS
	
	√
	
	

	· Low PAPR UL RS
	√
	
	
	

	· Measurement and report

	· Aperiodic positioning measurement report
	
	√
	
	

	· Measurement gap related information report
	
	
	√
	

	· Positioning measurement and report in idle/inacitive states
	
	√
	√
	√

	· Physical-layer procedure

	· Positioning BWP switching
	
	
	√
	√

	· Positioning measurement window
	
	
	
	√

	· On-demand measurement gap
	
	√
	√
	

	· Priority rules for positioning measurement and report
	
	√
	
	√

	· New techniques

	· Differential positioning technique
	√
	
	
	

	· Machine learning technique
	√
	
	
	



Conclusion
In this contribution, we discuss potential positioning enhancements with the following observations and proposals.
Observation 1: 
· The accuracy requirements (0.2m@90%) can be met in the baseline scenario with Rel-16 technologies.
Observation 2: 
· The accuracy requirements (0.2m@90%) can not be met in the NLOS scenario ({60%,6m, 2m}in DH) with Rel-16 technologies.
Observation 3: 
· The target latency of Rel-17 cannot  be achieved based on the current Rel-16 specification.
Proposal 1: 
· The enhancements to improve positioning accuracy are needed for the NLOS scenario.
Proposal 2: 
· The enhancements are needed for positioning latency, network efficiency, and device efficiency.
Proposal 3: 
· Introduce the priority indications of PRS for low latency positioning in Rel-17.
Proposal 4: 
· PRS FDM multiplexing with other DL signals and channels at RB level ouside of PRS time-frequency grid should be studied in Rel-17 .
Proposal 5: 
· The on demand PRS should be introduced in Rel-17.
Proposal 6: 
· The Aperiodic PRS should be studied in Rel-17.
Proposal 7: 
· PHR based on SRS-PosResource should be introduced in Rel-17.
Proposal 8: 
· Introduce the priority indications of SRS-PosResource for low latency positioning in Rel-17.
Proposal 9: 
· Enhancements of aperiodic SRS for positioning should be studed in Rel-17.
Proposal 10: 
· Support to reuse low PAPR RS agreed in Rel-16 MIMO for SRS sequence generation for positioning in Rel-17.
Proposal 11: 
· Introduce 10 ms level granularity for the response time and reporting intervals in CommonIEsRequestLocationInformation.
Proposal 12: 
· Aperiodic positioning measurement report can be considered in Rel-17 .
Proposal 13: 
· Measurement gap related indication should be included in positioning measurement report .
Proposal 14: 
· Positioning in idle/inactive states should be supported in Rel-17.
Proposal 15: 
· Positioning BWP switching can be considered in Rel-17 as an alternative  to using measurement gap.
Proposal 16: 
· Support to introduce positioning measurement window in Rel-17.
Proposal 17: 
· Support to introduce on demand measurement gap for on demand PRS in Rel-17.
Proposal 18: 
· Priority rules for positioning measurement and report can be considered in Rel-17 positioning.
Proposal 19: 
· The  differential positioning can be studied as potential positioning techniques for the NLOS scenario.
· Considering combining differential positioning with Rel-16 positioning techniques to improve the positioning accuracy
Proposal 20: 
· Machine learning techniques can be studied as potential positioning techniques for the NLOS scenario in Rel-17.
References
[1] RP-193237, “New SID on NR Positioning Enhancements”
[2] TS38.214,  “Physical layer procedure for data”
[3] TS38.305, “User Equipment (UE) positioning in NR-RAN”
[4] TR 38.855, “Study on NR positioning support”
[5] TS 37.355, “LTE Positioning Protocol (LPP)”
[6] TS23.273, “5G System(5GS) Location Services (LCS)”
[7] TR 38.840, “Study on User Equipment power saving in NR”
[8] R1-2005380, Evaluation of achievable positioning accuracy and latency, vivo, August, 2020
[9] R1-2005382, Discussion on power consumption model for NR positioning enhancement, vivo, August, 2020
Annex
Table 9 The DL parameter and assumptions for evaluation
	Parameters
	periodc
	Dynamic configuration 

	DL-PRS-Periodicity
	[20]ms or 160ms
	10 ms

	DL-PRS-ResourceRepetitionFactor
	/
	16

	DL-PRS-CombSizeN
	N=[6]

	DL-PRS-NumSymbols
	6

	DL-PRS-SubcarrierSpacing
	[30] kHz for FR1
[120] kHz for FR2

	DL-PRS-ResourceBandwidth
	[100 MHz] with [30]kHz SCS for FR1
400 MHz with [120]kHz SCS for FR2

	DL-PRS-MutingPattern
	/
	/
	16

	DL-PRS-MutingBitRepetitionFactor
	/
	/
	16

	DL–PRS- PositioningFrequencyLayer 
	1

	NumDL-PRS-RSTD-MeasurementsPerTRPPair
	[1] 

	NumPositioningFrequencyLayers
	1

	TRPNum
	18
Note 1：All the TRP in the simulation layout

	MinTRPNum
	6
Note 2：The min Number of the UE need be measured

	NumDL-PRS-ResourceSetsPerTRP
	1
	
	

	NumDL-PRS-ResourcesPerSet
(BeamNum)
	FR1:1
FR2:64
Note: the number of resource consider as the number of beam

	[bookmark: OLE_LINK3]The time of evaluation
	160 ms

	The number of UE
	1000

	NumUE1
	X
Note 3:NumUE1is the number of UE are triggered within 160ms for positioning with low latency 

	NumUE2
	Y
Note 4:NumUE2is the number of UE are triggered within 10ms for positioning with low latency 

	
	20ms

	MG handover
	FR1:0.5ms
FR2:0.25ms



Table 10 The UL parameter and assumptions for evaluation
	Parameters
	Period SRS
	A-SRS

	SRS-Periodicity
	[10]ms or 160ms
	/
10 ms

	SRS-CombSizeN
	N=[6]

	SRS-NumSymbols
	6

	SRS-SubcarrierSpacing
	[30] kHz for FR1
[120] kHz for FR2

	SRS-ResourceBandwidth
	[100 MHz] with [30]kHz SCS for FR1
400 MHz with [120]kHz SCS for FR2

	DL-PRS-MutingPattern
	/
	/
	16

	MaxSlotOffset
	/
	32 slot
Note: SlotOffset  INTEGER (1..32)
	/

	TRPNum
	18
Note 1：All the TRP in the simulation layout

	MinTRPNum
	6
Note 2：The min Number of the UE need be measured

	SPRS-ResourceSetsPerTRP
	1
	
	

	SRS-ResourcesPerSet
(BeamNum)
	FR1:1
FR2:8
Note: the number of resource consider as the number of beam

	The time of evaluation
	160 ms

	The number of UE
	1000

	NumUE1
	X
Note 3:NumUE1is the number of UE are triggered within 160ms for positioning with low latency 

	NumUE2
	Y
Note 4:NumUE2is the number of UE are triggered within 10ms for positioning with low latency 
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