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In RAN1 Meeting #102e [1], some potential enhancements for NR positioning were discussed and the following agreements in Appendix B were reached. 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 RAN1#101-e meeting, the baseline evaluation scenarios have been achieved. And we evaluated the accuracy, latency, network efficiency, and device efficiency in [2] based on those agreements. The evaluation results with RAIM and the performance gap with respect to Rel-17 requirements are identified and summarized in Table 1.
[bookmark: _Ref47001688][bookmark: _Ref47001681]Table 1 The evaluation results of accuracy, latency, network efficiency, and device efficiency in [2]
	
	
	Requirement target
	Achieved target in [2]
	Performance gap

	Accuracy
(Horizontal) 
	SH baseline
	<0.2m @90%
	0.094m@ 90%
(Case E9 in [2])
	

	
	DH
	baseline
	<0.2m 90%
	0.17@90%
(Case E13 in [2])
	

	
	
	{60%,6m, 2m}
	<0.2m 90%
	18.71m@90%
(Case 9 in [2])
	18.5m

	Latency
	Physical layer
	10ms
	55.5ms~
(Case 3 in 3.1.2 of [2])
	45.5ms~

	Network efficiency
	/
	257.14% in some FR2 
	/

	UE efficiency
	overhead
	<30%
	100% 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.
Enhancements of DL PRS design 

PRS simultaneous reception with other signals and channels
In order to ensure the positioning latency requirement, but also not to interrupt the other signals/channels reception, there is a need to support simultaneous reception of DL PRS with other signals/channels. Simultaneous reception with other signals/channel may be divided into 2 issues according to whether measurement gap is configured. Regarding concurrent PRS processing with other signals/channel (e.g. RRM measurement) within a measurement gap, RAN4 has discussed it in Rel-16. However no conclusion was achieved and this issue was downscoped in RAN#88e. In Rel-17, we think the same issue will also be discussed by RAN4. Therefore, RAN1 should focus on simultaneous reception with other signals/channels when measurement gap is not configured. Regarding PRS measurement within active DL BWP, detailed descriptions are shown in section 6.1. In this section, we mainly discussed 2 issues below. 
PRS FDM multiplexing with other signals and channels
PRS FDM with other DL signals and channels is one of options 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. Another example, PRS FDM with SSB at RB level outside of PRS time-frequency grid from the same TRP should also be considered, so the UE can also process PRS and SSB at the same time. In this way, it ensures low latency for both positioning services and other services.  
Observation 3: 
· PRS FDM with other DL signals and channels is beneficial to the positioning latency.
 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 is not expected to process 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



Therefore, regarding PRS simultaneous reception with other signals and channels, we propose that
Proposal 3: 
· Regarding PRS simultaneous reception with other signals and channels, we should support enhancements as follows:
· PRS FDM with other DL signals and channels at RB level outside of PRS time-frequency grid. 
· Introduce the priority indications of PRS for low latency positioning in Rel-17.
· Note: PRS simultaneous reception with other DL signals and channels is applied when measurement gap is not configured.
DL PRS processing with aggregated DL PRS resources
	Agreement:
· Aggregating multiple DL positioning frequency layers of the same or different bands for improving positioning performance for both intra-band and inter-band scenarios will be investigated in Rel-17, which may take into account at least the following
· The scenarios and performance benefits of aggregating multiple DL positioning frequency layers
· The impact of channel spacing, timing offset, phase offset, frequency error, and power imbalance among CCs to the positioning performance for intra-band contiguous/ non-contiguous and inter-band scenarios
· UE complexity considerations
· Note: What is captured in the TR will be discussed separately.


In RAN1 Meeting #102e [1], the above agreement has been reached. In this subsection, the performance benefits of aggregating are evaluated with the ideal assumptions (without considering the impact of timing offset, phase offset, frequency error, and power imbalance among CCs). It is observed that the performance of aggregating which is 50+50MHz is better than 50MHz and worse than 100MHz based on the simulation results as in Figure 1 and Table 3.
[image: ]
[bookmark: _Ref52304902]Figure 1 The evaluation results of 50MHz, 100MHz and 50MHz+50MHz
[bookmark: _Ref52304926]Table 3 The evaluation results of 50MHz, 100MHz and 50MHz+50MHz
	
	
	Method
	50%
	67%
	80%
	90%

	FR1
	SH
Convex UE
	50MHz
	0.12
	0.16
	0.20
	0.31

	
	
	50MHz+50MHz (GAP 50MHz)
	0.072
	0.12
	0.16
	0.21

	
	
	100MHz
	0.037
	0.048
	0.069
	0.094

	
	SH
all UE
	50MHz
	0.16
	0.25
	0.38
	0.95

	
	
	50MHz+50MHz (GAP 50MHz)
	0.11
	0.17
	0.28
	0.58

	
	
	100MHz
	0.051
	0.074
	0.13
	0.25


Then, the performance of aggregating is going to get worse if the timing offset due to different RF chain of Rx or Tx are considered based on the simulation results in Figure 2.
[image: ]
[bookmark: _Ref52466910]Figure 2 The evaluation results of 50MHz, 100MHz and 50MHz+50MHz with timing offset
According to the above simulation and analysis, it is observed that the performance from aggregating is greatly impacted when there’s timing offset assumed. It is expected that phase offset, frequency error from different CCs, or different RFs will have similar impact to the performance of aggregation. All the above factors may cause small impact when multiple FLs of the same band because they can be transmitted and received by one RF. While, for different bands, it is difficult to avoid all the above impact of different CCs, and the performance of aggregating may be much worse than that of single FL. The timing offset, phase offset, frequency error of different RFs needs be measured and compensated for every device if aggregating multiple FLs of different bands are introduced. So, at least, it is hard to get the performance benefits from aggregating multiple FLs of different bands. 
Besides, the requirement of aggregating FL is hard to be defined for RAN4. For example, what accuracy should the network expected from the UE, if two FLs of 50MHz are configured that can be aggregated, the accuracy of 50MHz, or 100MHz, or between the 50MHz and 100MHz? Furthermore, whether the accuracy expected by the network is different if the channel spacing of two FLs is different?
Also, the measurement of aggregating FL may break the current definition of the measurement gap (RAN4 requirement assumes only one frequency layer per measurement gap). While the RAN4 work of new MG has not started yet, whether it can support to concurrent measure multiple FLs is not certain. 
In summary, aggregating FL is difficult for the definition of requirement and measurement, and the benefit is unclear in the different bands' case.
Observation 4: 
· For DL PRS processing with aggregated DL PRS resources, there are following challenges:
· The requirement for aggregating FL is hard to define
· The measurement gap for aggregating FL is different from current RAN4 definition
· The benefits of inter-band aggregating are unclear

On-demand/a-periodic/semi-persistent transmission and reception of DL PRS

	Agreement:
· Semi-persistent and a-periodic transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable semi-persistent and a-periodic DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· On-demand transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable on-demand DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· Notes: 
· Semi-persistent means MAC-CE triggered
· Aperiodic would correspond to DCI-triggered
· On-demand corresponds to the UE-initiated or network-initiated request of PRS and/or SRS. So, it is NOT the same as whether PRS is DCI-triggered or MAC-CE triggered. It is about UE or LMF request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. 


In RAN1 Meeting #102e [1], the above agreement related to on demand, a-periodic and semi-persistent PRS has been reached. In this section, potential enhancements related to these issues are discussed.
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 (The procedure is illustrated in Figure 3.). It doesn't support the LMF or UE to update the PRS configuration information. And in the RAN1 102-e meeting, the “FFS: the details on when and how to enable on-demand DL PRS” is left to discuss.

[bookmark: _Ref40196156]Figure 3 LMF-initiated Assistance Data Delivery Procedure
So at least the request/suggesting/recommending message from UE or LMF to gNB is needed for on-demand PRS based on the above agreement. And other procedures are also needed to respond to the request/suggesting/recommending message.
Two schemes are provided in Figure 4 for ‘how to enable on-demand DL PRS’. Scheme A is the simplest way that gNB will configure an on-demand PRS to UE or LMF if receive a request/suggesting/recommending message. While, for scheme B, a request message or trigger message with an on-demand PRS information is used for enabling an on-demand PRS which is one of multiple on-demand PRS that are pre-configured. 
[bookmark: _Ref52456807][bookmark: _Ref52304884]Figure 4 The procedure of on-demand PRS
Proposal 4: 
· For on-demand PRS positioning, support at least one of the following behavior:
· Option1:
· Support the request/suggesting/recommending message from UE or LMF to gNB for suggesting a configuration of on-demand PRS 
· Support configuring a or multiple on-demand PRS for the response the requesting 
· Option 2:
· Support pre-configuring multiple on-demand PRS for requesting 
· Support the request message or trigger message with an on-demand PRS from UE or LMF to gNB for the transmitting of on-demand PRS.
For the on-demand PRS configuration, we would like to emphasize the note in the agreement that the on-demand PRS is about UE or LMF request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. In some cases, the specific PRS pattern can be PRS distribution relative to a flexible window or within a flexible window for the purpose of facilitating UE processing PRS or power saving. For example, this request may include specific information related to window configuration (e.g. window length). And if the request is allowed, pre-configured on-demand PRS can be triggered/activated within the window requested. Configuring this window is helpful for the UE to process PRS in a centralized way, which is benefit for latency and efficiency. Besides, it is also helpful to match on-demand PRS and measurement gap, since measurement gap is also configured as a window and it is not friendly to have a scattered PRS distribution.  In addition, such window configuration is also good for UE power saving, which is described in section 6.6.2 in more detail. Therefore, we propose.
Proposal 5: 
· Configuring on-demand PRS within a flexible window as a specific PRS pattern can be considered in Rel-17.
Furthermore, comparing the two schemes, although scheme A is simple, the delay seems longer than scheme B. The details on ‘when to enable on-demand DL PRS’ depend on the resource type of on-demand PRS, such as periodic, aperiodic, semi-persistent. So the resource types of the on-demand PRS should be discussed first. We recommend supporting periodic, aperiodic and semi-persistent for the flexibility of on-demand PRS. 
Proposal 6: 
· Periodic, aperiodic, and semi-persistent on-demand PRS should be supported.
If on-demand PRS supports periodic configuration, the periodicity and slot offset determine when to enable on-demand DL PRS. For the semi-persistent DL signal (such as CSI-RS), the periodicity and slot offset combined with the activation/deactivation message determine when to enable the DL signal. And for the aperiodic DL signal, slot offset and triggered message decide when to enable the DL signal. It is reasonable to reuse the same procedure for semi-persistent/aperiodic on-demand PRS.
Proposal 7: 
· On-demand DL PRS supports semi-persistent configuration with MAC CE or DCI activation/deactivation.
· On-demand DL PRS supports aperiodic configuration with triggered by DCI.
The key question of on-demand PRS is how to activate or trigger and how to align the triggered timing of multiple TRP. In our view, there are two solutions depends on the RAN architecture. If all the TRPs belong to the serving cells, the procedure and message of CSI-RS can be used as a reference for on-demand PRS. Otherwise, the procedure and message are the same as SRS and with the activation time for aligning the active timing of the serving cell and neighbor cell.
Proposal 8: 
· Choose one architecture of multi-TRP for semi-persistent/ aperiodic on-demand PRS:
· Option 1: multi-TRP belongs to the serving cells (in this case, the procedure and message of CSI-RS can be used as a reference for semi-persistent/ aperiodic on-demand PRS)
· Option 2: multi-TRP belongs to serving cells and neighbor cells (in this case, the procedure and message of SRS can be used as a reference for semi-persistent/ aperiodic on-demand PRS)
Based on the above analysis, there is another hidden problem: whether the trigger or requesting message is transmitted from UE or LMF.  Both UE-initialed and LMF-initialed are reasonable if above option 1 architecture is supported. Otherwise, the LMF-initialed on-demand PRS is preferred and the measurement of semi-persistent or aperiodic on-demand PRS is triggered by the gNB (serving cell).
Proposal 9: 
· Both UE-initiated and network-initiated can be supported for on-demand PRS triggering if multi-TRP belongs to the serving cells.
· Network-initiated trigger for on-demand PRS is preferred if multi-TRP belongs to serving cells and neighbor cells.
For the ‘FFS: to be supported for which positioning methods, e.g., UE-assisted and/or UE-based positioning’, in our views, we recommend supporting both as there is no difference between UE-assisted and UE-based positioning. And for the DL positioning and multi-RTT positioning, both techniques with on-demand PRS should be supported. Otherwise, it will reduce the application scenario of Multi-RTT.  For example, in one scenario, some TRPs may only transmit on-demand PRS in a factory, Multi-RTT can not be used for positioning if on-demand PRS is not supported for Multi-RTT.
Proposal 10: 
· On-demand PRS should be supported for UE-assisted and UE-based positioning.
· On-demand PRS should be supported for DL positioning and Multi-RTT positioning.
A-periodic/semi-persistent PRS
For the ‘FFS: the details on when and how to enable semi-persistent and a-periodic DL PRS’, it is the same as the semi-persistent and a-periodic on-demand PRS.
For the semi-persistent DL PRS, it is also activated by MAC CE or DCI. And when to enable the DL PRS is determined by the periodicity and slot offset combined with the activation/deactivation message. For the aperiodic DL PRS, it is triggered by DCI. And enabling timing of the DL PRS is decided by the trigger message and slot offset.
Proposal 11: 
· Semi-persistent DL PRS supports configuration with MAC CE or DCI activation/deactivation.
· Aperiodic DL PRS supports aperiodic configuration with triggered by DCI.
And for the alignment of the triggered timing of multiple TRP, there are also depended on the RAN architecture. If all the TRPs belongs to the serving cells, the procedure and message of CSI-RS can be used as a reference for semi-persistent/ aperiodic DL PRS. Otherwise, the procedure and message needs the same as SRS and carries the activation time for aligning the active timing of the serving cell and neighbor cell.
Proposal 12: 
· Choose one architecture of multi-TRP for semi-persistent/ aperiodic DL PRS:
· Option 1: multi-TRP belongs to the serving cells (in this case, the procedure and message of CSI-RS can be used as a reference for semi-persistent/ aperiodic DL PRS)
· Option 2: multi-TRP belongs to serving cells and neighbor cells(in this case, the procedure and message of SRS can be used as a reference for semi-persistent/ aperiodic DL PRS)
For the ‘FFS: to be supported for which positioning methods, e.g, UE-assisted and/or UE-based positioning, the DL positioning and multi-RTT positioning’, we have the same view as on-demand PRS.
Proposal 13: 
· Semi-persistent/ Aperiodic DL PRS should be supported for UE-assisted and UE-based positioning.
· Semi-persistent/ Aperiodic DL PRS should be supported for DL positioning and Multi-RTT positioning.
Given positioning needs at least four TRPs for positioning, it is obvious that triggering all the needed PRS of these TRPs simultaneous is better than triggering every PRS separately. Then, for the different low latency requirements, the expected transmitting timing of the triggered PRS may be different. So, in order to satisfy different latency requirements, it is beneficial to trigger corresponding windows related to different latency requirements in which all the PRS was pre-configured . Besides, it is worth to note that the measurement is made during a configured MG. Triggering an MG window and the PRS window together is more easily compared with triggering matched MG and PRS from multi-TRP separately.
Proposal 14: 
· Triggering a PRS windowincluding all the triggered PRS can be considered in Rel-17.
· Triggering an MG window and the PRS window together  can beconsidered in Rel-17.
Enhancements of UL PRS design 
SRS priority with aperiodic SRS SRS-PosResource and low latency positioning
Priority of SRS for positioning was discussed in Rel-16 CR stage [4]. However, no agreement/conclusion was reached due to limited time. Companies believed that this issue should be discussed in the Rel-17 stage. In this section, SRS priority related issues are discussed.  
	TS 38.214-g20  6.2.1
For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s), or only L1-SINR 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, link recovery request (as defined in clause 9.2.4 of [6, 38.213]) 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, or only L1-SINR report(s). 
TS 38.214-g20  6.2.1.4
For operation on the same carrier, if an SRS configured by the higher parameter SRS-PosResource-r16 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. However, 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. Therefore, 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, with positioning requirements with extremely lower latency, we believe that priority of SRS for positioning always lower than PUSCH is no longer appropriate.  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.
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 15:  
· Introduce the priority indications of SRS-PosResource for low latency positioning in Rel-17.
Power control of SRS for positioning
PHR based on SRS-PosResource
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. PHR based on SRS-PosResource can provide the flexibility of the serving gNB for power control and configuration adjusting of SRS-posResource. 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 or other neighboring cells not participating in positioning. However, in current specification, the serving cell is not able to obtain any information related to SRS-PosResource transmission power, so there is no way to detect and adjust for the serving cell. If the UE reports PH to the serving cell, when the PH value is low, the serving gNB can roughly determine that the UE has transmitted SRS-PosResource with high power, and then it can adjust the power control parameters to reduce the UE transmission power and further reduce the interference in the serving cell or neighboring cells. For compensating reduced transmission power, the serving gNB can also adjust other configurations of SRS-PosResource, for example, configuring SRS repetition.
Case 2:  In the multi-CC case, the serving cell also needs to know the power or the PHR of SRS-PosResource for power control of each carrier. For example, when configuring SRS-PosResource transmitted on 2 carriers and pointed to the same neighoring cell, PHR can help the serving gNB to select one uplink carrier with better quality. Then the serving gNB may configure the better uplink carrier to transmit the SRS-PosResource next time.
Case 3:  When UE reports high PH to the serving gNB, it can appropriately configure higher bandwidth for SRS-PosResource which not exceeds the allowable range of maximum transmission power to improve measurement accuracy.
Observation 5: 
· PHR based on SRS-PosResource is beneficial to increase the flexibility of the serving gNB for power control and configuration adjusting of SRS-posResource, e.g. power control for reducing interference for serving and neighboring cell , configuration adjusting for higher accuracy.
In general, we suggest to report PHR based on SRS-PosResource for better power control.
Proposal 16: [bookmark: p6] 
· PHR based on SRS-PosResource should be introduced in Rel-17.
Prioritizations for transmission power reductions
Prioritization for transmission power reductions of SRS for positioning was also discussed at later Rel-16 CR stage [4]. However, no agreement/conclusion was reached at that time. Companies believed that this issue should be discussed in the Rel-17 stage. In this section, some related enhancements are discussed. 
	TS38.213-g20
For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion [image: ] would exceed [image: ], where [image: ] is the linear value of [image: ] in transmission occasion [image: ] as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to [image: ] for that frequency range in every symbol of transmission occasion [image: ]. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion [image: ], the UE does not include power for transmissions starting after the symbol of transmission occasion [image: ]. The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot.
-	PRACH transmission on the PCell
-	PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.


When total transmission power determined by the power control formula exceeds the maximum available power in a symbol of a slot, the priority rules for transmission power reductions are used for the UE to allocate power to PUSCH/PUCCH/PRACH/SRS transmissions according to the priority order, so that the total UE transmit power on serving cells is smaller or equal to the maximum available power. 
It can be seen that in current TS38.213, the power allocation priority of SRS for positioning for power reduction is part of priority of ‘SRS transmission’, that is, the power allocation priority of SRS for positioning is consistent with the priority of SRS for MIMO, which is the lowest priority among various uplink transmissions. However, in Rel-17, due to the positioning requirement of higher accuracy and lower latency, it is unreasonable to restrict the priority as the lowest. For example, when there is a very urgent positioning request, because of low power allocation priority, once the UE transmit power exceeds the maximum threshold, SRS for positioning power is reduced or even dropped by the UE, which is unacceptable. In addition, it is also unreasonable to limit SRS for positioning and SRS for MIMO as ‘SRS transmission’ with the same power allocation priority, since the two kinds of SRS also have priority comparisons, and the usages/requirements of the two kinds of SRS are different. Therefore, we propose to reconsider the power allocation priority of SRS for positioning.
The simplest method is to follow the priority/dropping rules of SRS for positioning in single carrier. For example, in a single carrier, when high priority aperiodic SRS and low priority scheduled PUSCH collide,  Low priority scheduled PUSCH is dropped by the UE. And when high priority aperiodic SRS and low priority scheduled PUSCH are transmitted on different carriers at the same time, if total power exceeds the maximum threshold, the UE preferentially allocates power for high priority aperiodic  SRS. Therefore, similarly, we think priority indications of SRS-PosResource should be introduced for transmission power reductions.
Therefore, we propose
Proposal 17: 
· Introduce the priority indications of SRS-PosResource for transmission power reductions in Rel-17.
Enhancements of measurement and report 
In this section, some enhancements and considerations for measurement and report in Rel-17 are discussed.
Multipath mitigation related measurement and report
	Agreement:
· Multipath mitigation techniques will be investigated in this SI for improving positioning accuracy, which may include, but not limited to the following:
· The applicable scenarios and performance benefits of multipath mitigation techniques 
· The methods/measurement/signaling for the LOS/NLOS detection and identification
· The measurements for supporting the multipath mitigation/utilization
· The procedure and signaling for supporting the multipath mitigation/utilization
· Implementation-based solutions (e.g., outlier rejection) without the need of any additional specified method/measurements/procedures/signaling.
· Note: The above study applies to DL only, UL only, DL+UL positioning solutions for UE-based and UE-assisted positioning.


Based on the above agreement, we study the performance benefits of multipath mitigation technique by quantitatively evaluating positioning accuracy for the LOS/NLOS detection and identification techniques and compare to an implementation-based solution. In RAN1#102-e meeting, some companies suggest introducing the methods/measurement/signaling for the LOS/NLOS detection and identification. But the details of the above methods/measurement/signaling for the LOS/NLOS detection and identification are unclear. In this case, we evaluate the performance assuming different levels of LOS detection probability as in Figure 5 and Table 5. In addition, we also evaluate the performance of RAIM, an implementation-based solution (e.g. outlier rejection) without the need for any additional specified method/measurements/procedures/signalling as comparison. More details of RAIM can be found in our companion contribution [2].
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[bookmark: _Ref52377226]Figure 5 The positioning performance with different levels of LOS probability
[bookmark: _Ref52377238]Table 5 The positioning performance with different levels of LOS probability
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH
Convex UE
	Case L0: RAIM
	0.037
	0.048
	0.069
	0.094

	
	
	Case L1: 100% LOS detection probability without RAIM
	0.037
	0.049
	0.073
	0.096

	
	
	Case L2: 95% LOS  detection probability without RAIM
	0.039
	0.052
	0.080
	2.86

	
	
	Case L3: 90% LOS  detection probability without RAIM
	0.041
	0.052
	0.083
	4.54

	
	
	Case L4: baseline no LOS detection without RAIM
	0.042
	0.055
	0.11
	4.62

	FR1
	DH
Convex UE
	Case L5: RAIM
	0.056
	0.075
	0.11
	0.17

	
	
	Case L6: 100% LOS detection probability without RAIM
	0.060
	0.097
	0.15
	0.33

	
	
	Case L7: 95% LOS detection probability without RAIM
	0.042
	0.064
	0.30
	3.40

	
	
	Case L8: 90% LOS detection probability without RAIM
	0.043
	0.065
	1.82
	3.43

	
	
	Case L9:  baseline no LOS detection without RAIM
	0.048
	1.05
	3.49
	8.64


Note 1:
· Case L0 means that UE selects four TRPs based on the ratio of the first path and median path and then excludes the TRPs by RAIM which introducing the large error of selecting TRP. In this case, the LOS probability is 98.9% by selecting TRPs based on the ratio of the first path and median path and excludes the TRPs by RAIM. In addition, when selecting TRPs only based on the ratio of the first path and median path, the LOS probability is 98.5%. 
· Case L1 means the positioning TRPs of all UE has a LOS path.
· Case L2 means only 95% TRPs of all the positioning TRPs of all UE has a LOS path. This case is equivalent to the case with 5% LOS/NLOS identification error.
· Case L3 means only 90% TRPs of all the positioning TRPs of all UE has a LOS path. This case is equivalent to the case with 10% LOS/NLOS identification error .
· Case L4 means that UE selects four TRPs based on the RSRP. There are 87.4% TRPs of all the positioning TRPs of all UE has a LOS path. This is the baseline of SH without LOS detection and identification techniques and implementation-based solutions (RAIM).
· Case L5 is similar to Case L0. In this case, the LOS probability is 96.9% by selecting TRPs based on the ratio of the first path and median path and excludes the TRPs by RAIM. In addition, when selecting TRPs only based on the ratio of the first path and median path, the LOS probability is 87.1% .
· Case L6 is similar to Case L1. In this case, due to DH deployment, 98% UEs have more than four TRPs with LOS path and the other 2% UEs have less than four TRPs with LOS path. Therefore, 100% LOS probability means: for 98% UEs, no NLOS paths are selected to calculate UE position; for 2% UEs, all LOS paths and part of NLOS paths are selected to calculate UE position.
· Case L7 means the probability of TRP which has LOS path of all the positioning TRPs of all UE is 95% of case L6. This case is equivalent to the case with 5% LOS/NLOS identification error .
· Case L8 means the probability of TRP which has LOS path of all the positioning TRPs of all UE is 90% of case L6. This case is equivalent to the case with 10% LOS/NLOS identification error .
· Case L9 means that UE selects four TRPs based on the RSRP. There are 63.3% TRPs of all the positioning TRPs of all UE has a LOS path. This is the baseline of DH without LOS detection and identification techniques and implementation-based solutions (RAIM).
Based on the above evaluation results, the positioning performance of LOS detection/identification degrades as LOS detection error probability increases. Even in the ideal case with 100% LOS path detection assumed, its’ positioning performance is still worse than that of implementation-based solutions (RAIM algorithm with the first/medium) for 90% UE in SH and DH cases. The reason is that the implementation-based solution (RAIM) can eliminate the TRP who introduces relatively large error.
Observation 6: 
· The positioning performance of LOS/NLOS detection method degrades as LOS detection error probability increases.
Observation 7: 
· The positioning performance of an implementation-based solution without specification impact is better than that of LOS/NLOS detection method even if no LOS/NLOS detection error is assumed.
Besides, we have concern on the benefits of  LOS/NLOS detection methods or techniques if it cannot determine the LOS path correctly. Based on the evaluation results in Table 5, 5% LOS/NLOS identification error will lead to nearly 3m positioning error. So, the LOS link probability that is selected by the different methods or the NLOS identification error should be provided before discussing the benefits of these methods or techniques.
Proposal 18: 
· LOS/NLOS detection/identificationshould not be considered in Rel-17.
Idle/inactive positioning measurement and report

	Agreement:
· NR positioning for UEs in RRC_IDLE state and UEs in RRC_INACTIVE state will be investigated in Rel-17, including the benefits on latency, network/UE efficiency and UE power consumption
· FFS: which positioning methods to be supported, e.g., DL positioning, UL positioning, DL+UL positioning and/or Multi-RTT
· FFS: the details of how to enable the UE positioning in RRC_IDLE state and RRC_INACTIVE state
· Reference signals (e.g., based on DL PRS signals, UL SRS signals, both of them, etc.)
· Signaling and procedures (e.g., based on PRACH procedure, paging triggered UL SRS transmission, etc.)


Based on the above agreement, we discuss idle/inactive positioning measurement and report related issues in this section. 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 signaling 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. In addition, for perspective of latency, additional latency will be introduced if the UE switches to connected state from idle state for positioning measurement and report. If positioning can be performed without entering the connected mode, the UE power consumption, latency and the signaling overhead could be reduced. 
Benefits on UE power consumption for idle/inactive positioning
In this section, we compare the power consumption for idle state and connected state, which is based on our power consumption model, method and assumptions in our companion contribution [2][6].
Idle state measurement and report
In this subsection, we discuss power consumption for positioning measurement and report in idle states. For positioning report in idle state, let’s take the positioning information reported by EDT as an example. If the UE and NG-RAN node both support EDT, the UE sends an RRCEarlyDataRequest message to the NG-RAN node and includes a NAS control plane service request. The NAS control plane service request includes a positioning report message. From the perspective from physical layer, this message is carried in Msg3. Furthermore, the UE can receive RRCEarlyDataComplete containing positioning report completion information which is also included in Msg4. The procedure of PRS measurements and reports in idle state is shown is Figure 6.
Figure 6 Procedure of PRS measurements and report in idle state
The average power for the components introduced by positioning report in idle mode is listed in appendix Table 22. Therefore, the power components analysis for measurement and report in idle mode is below.
Table 6 Power components analysis for positioning measurement and report in idle state 
	Power state
	Relative power
	Duration(ms)

	Deep sleep
	1
	1177

	Light sleep
	20
	57.5

	Micro sleep
	45
	16.5

	SSB for Inter-frequency measurement
	60
	5

	SSB for Intra-frequency measurement
	60
	2

	SSB Proc.
	50
	6

	Single positioning frequency layer measurement
	96
	4

	Paging Occasion
	120
	4

	Coreset0+SIB1
	120
	1

	PRACH
	175
	1

	RAR
	120
	1

	Msg3(carrying positioning report)
	280
	4

	Msg4
	120
	1

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	6

	Average power 
	5.7488



Idle state measurement and connected state report
In this subsection, we discuss power consumption for positioning measurement in idle state and report in connected state. For simplicity, it is assumed that the only thing the UE does in the connected state is to report positioning information. The related procedure is shown in Figure 7.

[bookmark: _Ref52530133]Figure 7 Procedure of PRS measurements in idle state and report in connected state
The average power for the components introduced by positioning report in connected state and RRC state switching is listed below in appendix Table 23. Therefore, the power components analysis for measurement in idle mode and report in connected states is below. The power calculation cycle is 1280ms.
Table 7 Power components analysis for positioning measurement and report in idle state
	Power state
	Relative power
	Duration(ms)

	Sleep

	Deep sleep
	1
	1129

	Light sleep
	20
	69.5

	Micro sleep
	45
	35.5

	Idle states

	SSB for Inter-frequency measurement 
	60
	5

	SSB for Intra-frequency measurement 
	60
	2

	SSB Proc. 
	50
	8

	Single positioning frequency layer measurement 
	96
	4

	Paging Occasion
	120
	4

	Coreset0+SIB1
	120
	1

	PRACH
	175
	1

	RAR
	120
	1

	Msg3
	280
	1

	Msg4
	120
	5

	Connected states

	Uplink grant
	100
	2

	SSB Proc.
	100
	4

	Msg5
	700
	2

	PUCCH SR
	210
	1

	Positioning report
	700
	3

	RRC release
	280
	2

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	8

	Average power 
	10.3246



It can be observed that 
· compared to reporting in the idle state, the power consumption of reporting in the connected state increases 79.6%. 
· correspondingly, if we take the case of reporting in the connected state as the baseline, for reporting in the idle state, 44.32% power saving gain is shown.
Connected state measurement and report
In this subsection, we evaluate the case for connected states measurement and report. In order to be comparable with the above subsections, it is assumed that the UE still starts positioning from idle state. Furthermore, for simplicity, some additional assumptions is below.
· In connected state, LPP procedures including capability transfer, positioning assistant data transfer, some request signalings between the UE and the LMF are ignored.
· One shot positioning measurement and report related procedures are considered in connected state.  
· Procedures related to measurement gap configuration are ignored.
· Once the positioning report is completed, the RRC connection is released.
· Measurement and report cycle is equal to idle state (1280ms).
· PRS bandwidth in connected state is equal to PRS bandwidth in idle state. 
Therefore, related procedure is shown in Figure 8
[bookmark: _Ref52530123]Figure 8  Procedure of PRS measurements and and report in connected state
The average power for the components introduced by positioning measurement/report in connected state and RRC state switching is listed in appendix Table 24. Therefore, the power components analysis for measurement and report in connected states is below. The power calculation cycle is 1280ms.
Table 8 Power components analysis for positioning measurement and report in connected state
	Power state
	Relative power
	Duration(ms)

	Sleep

	Deep sleep
	1
	1115

	Light sleep
	20
	84

	Micro sleep
	45
	32

	Idle states

	SSB for Inter-frequency measurement 
	60
	5

	SSB for Intra-frequency measurement 
	60
	2

	SSB Proc. 
	50
	8

	Paging Occasion
	120
	4

	Coreset0+SIB1
	120
	1

	PRACH
	175
	1

	RAR
	120
	1

	Msg3
	280
	1

	Msg4
	120
	5

	Connected states

	Single positioning frequency layer measurement 
	240
	4

	Gap switching
	45
	1

	Uplink grant
	100
	2

	SSB Proc.
	100
	6

	Msg5
	700
	2

	PUCCH SR
	210
	1

	Positioning report
	700
	3

	RRC release
	280
	2

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	9

	Average power 
	11.1367



It can be observed that 
· compared to reporting in the idle state, the power consumption of reporting in the connected state increases 93.72%. 
· correspondingly, if we take the case of reporting in the connected state as the baseline, for reporting in the idle state, 48.38% power saving gain is shown.
Furthermore, considering that we make some assumptions to simplify power consumption evaluation, such as ignoring complicated steps for LPP procedures, aligning the bandwidth and period with idle state measurement, it will consume more power when positioning in the connected state in general. 
Observation 8: 
· Under the premise of idle state measurement, positioning report in the idle state can obtain 44.32% power saving gain compared to report in connected state.
· Compared to positioning measurement and report all in the connected state, positioning measurement and report in the idle state can obtain at least 48.38% power saving gain.
Benefits on latency for idle/inactive positioning
In this subsection, we analyze benefits on latency for idle/inactive positioning.
In the current specification, the positioning is only performed when UE in the connection mode. So if UE in the idle or inactive, the latency for position estimation of UE is the sum latency of initial access and positioning. Firstly, the latency of the initial access as below:
Table 9 The latency of state switching
	Initial connection procedure
	The latency

	SSB
	20ms

	SIB
	20ms

	PRACH
	10ms-160ms

	RAR
	10ms

	Msg3
	5ms+

	Msg4
	5ms+

	Msg5
	5ms+


It can be observed that the initial access nearly needs 40ms~200ms. So if the UE in the idle/ inactive state, nearly 40ms~200ms is needed to come to the connected state before positioning.
Observation 9: 
· Additional latency of 40~200ms will be introduced if the UE switches to a connected state from idle state for positioning measurement and report. 
Positioning method and procedure for idle/inactive positioning
DL positioning method in idle/ inactive state
In the existing DL positioning design, upon the reception of the assistance data (such as PRS configuration), UE starts to measure DL PRS from the TRPs to obtain the RSTD. Then UE reports the measurement results to the LMF, where the UE’s position is calculated, for UE-assisted mode or calculated its own position for UE-based mode. The procedure is performed in connected mode.
In the above procedure, the DL PRS to be measured are broadcasted periodically. It is also likely that PRS configuration does not change frequently and is valid in one or several cells.  Hence, UEs can take advantage of this fact, for example, UE can store the PRS configurations and perform positioning measurements after leaving the connected mode. In Rel-14, positioning measurements in idle mode has already been supported for NB-IoT, the limited resources (e.g. limited processing, memory, RF receiver chain) in some NB-IoT devices may prevent the UEs from performing data transfer and positioning measurement simultaneously in connected mode. The above NB-IoT mechanism can be considered as the starting point in the study of NR idle and inactive mode positioning. 
However, even with positioning measurement in idle and inactive mode, a UE still has to enter connected mode to obtain assistance data when the stored assistance data is out-of-date (e.g. UE moves out of the valid area of the stored assistance data). For better supporting positioning measurements in idle and inactive mode, broadcast of assistance data is desirable. If the positioning assistance data would be available to the UE via broadcast, a UE would never need to enter connected mode just for positioning assistance data.
For UE-based positioning, after a UE has measured the RSTD/RSRP to multiple gNBs, it can calculate its own location.
For UE-assisted positioning, after a UE has measured the RSTD/RSRP to multiple gNBs, it needs to report the results to the LMF via a gNB. It is desirable to remain in idle or inactive mode while performing the report. There are two ways to report positioning information. 
· One way is via control plane. In Rel-15, Early Data Transmission (EDT) was introduced for the IoT in order to reduce power consumption and latency. With EDT, the data transmission can be performed without RRC state transition. 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 a positioning report including the information such as the type of event being reported and any location measurements or location estimate.  In physical-layer, the positioning report can be included in Msg3 payload in 4-step RACH procedure or MsgA payload in 2-step RACH procedure.
· Another way is via user plane. Positioning reports in inactive state are small and infrequent data, which meet the characteristics of SDT(small data transmission) data. The positioning report can be transmitted on DTCH multiplexing with UL RRCResumeRequest on CCCH. In physical-layer, the positioning report can be included in Msg3 payload in 4-step RACH procedure or MsgA payload in 2-step RACH procedure. Considering that the SDT project is underway, positioning report via user plane can be discussed in parallel with SDT group.
Proposal 19: 
· To enable DL idle and inactive mode positioning in NR, the following mechanisms could be considered: broadcasting or storing the assistance data for positioning, performing positioning measurement in idle /inactive mode, and reporting measurement results via mechanism like EDT or SDT.
UL positioning method in idle/inactive state
According to the NR design, dedicated SRS is only allocated to UE in connected mode. Hence, in current specification, UL positioning is only applicable to UE in connected mode. 
UL positioning can be applied to UE in idle and inactive mode if the UE’s dedicated SRS resource is not released after the UE leaving connected mode but still in an area that is valid predefined by network. With this enhancement, an idle or inactive mode UE could transmit dedicated SRS, and then the network could obtain the position of the UE. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]We think there may be some concerns about this enhancement. The first one is the scalability of the enhancement.  For each idle or inactive UE requiring positioning, SRS resource needs to be reserve in both the camping and neighbouring cells. Will this enhancement lead to a very limited capability for positioning? In our understanding, the number of positioning UE can be supported is related to the period of SRS resource allocated to each UE. The longer the periodicity is, the more UEs can be supported. In some popular applications, the interval between consecutive positioning requests is very long, e.g. 1 minute. Accordingly, the period of positioning SRS resource for each UE can be very long. Therefore, the number of positioning UEs can be supported seems not a big issue. We believe these applications are the main potential motivation for UL positioning in idle or inactive state. Maybe there is a possibility that a fixed periodicity can be configured to the UE in IDLE or Inactive state.
The second one is idle/inactive UE is not synchronized in uplink, it may cause interference to other UEs which are synchronized in connected mode, which is a limitation to allow the unsynchronized UE sending SRS. In our understanding, the positioning SRS is monitored by more than one base station. However, one UE can at most maintain uplink synchronization with one of the base stations (i.e. the serving base station of a connected UE). It implies even connected UE maybe unsynchronized with some gNBs monitoring its positioning SRS according the current UL positioning design. Hence, uplink un-synchronization seems not a new issue introduced by allowing idle and inactive mode UE to send dedicated positioning SRS.
Proposal 20: 
· To enable UL idle/inactive state positioning in NR, a UE needs to keep dedicated UL resource (e.g. SRS) after leaving connected mode. With this enhancement, the UE can transmit dedicated UL signal for UL positioning.
DL and UL positioning method in idle/inactive state
For DL and UL positioning method,  the UE not only needs to measure downlink signals from TRPs and report RX-TX measurements, but also transmits an uplink signal to the same TRPs. It can be considered as a combination of downlink only positioning method and uplink only positioning method. So that if DL only positioning method and UL only positioning method are supported,  DL and UL positioning method should naturally also be supported. 
In a word, for idle/inactive positioning, all three positioning methods(DL positioning method, UL positioning method, DL and UL positioning method) should be supported.
Proposal 21: 
· For idle/inactive positioning, DL positioning method, UL positioning method and DL+UL positioning method should be supported.
[bookmark: p12]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, multiple resource sets or multiple 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 22: [bookmark: p15]
· Priority rules for positioning measurement and report can be considered in Rel-17 positioning.
Enhancements of 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.
BWP switching for PRS measurements
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. The UE can flexibly perform PRS measurements of different bandwidths, different SCS, and different frequency locations by measurement gap. However, using measurement gap (MG) will cause the following problems:
· Using MG to perform measurement may lead to data interruption.
For example, for the gap length of 6ms, at least 6ms of data service interruption will be caused. More specifically, if the UE is configured with per-UE MG, the UE is not required to conduct reception/transmission data from/to all carriers at least for 6ms; while for the UE configured with per-FR MG, it is also not required to conduct reception/transmission data from/to all carriers in corresponding FR during this period. Long-term interruption of data service is unacceptable, especially for URLLC services with high priority in IIoT scenarios. For example, when configuring PRS occasion with long duration and data service with high priority, MG request is very likely to be rejected by the serving gNB, which causes positioning failure. 
· The mismatch of the period/length between MG and PRS may lead to larger latency, lower accuracy or waste of resources 
In current specification, MG repetition period includes{20, 40, 80, 160}ms, and MG length is {1.5, 3, 3.5, 4, 5, 5.5, 6,10,20}ms.  It is also noted that 10ms only used for 80ms periodicity and 20ms is for 160ms periodicity. For PRS period, it takes values of {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240}slots, where for SCS=15, 30, 60 and 120kHz respectively.  If the unit is converted to ms, the period of PRS can be configured such as {4, 5, 8, 10, 16, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240}ms.  For PRS duration, the duration of continuous PRS at least depends on the following parameters: DL-PRS-ResourceRepetitionFactor, DL-PRS-ResourceTimeGap, DL-PRS-NumSymbols, DL-PRS-MutingPattern and number of PRS resources within a PRS resource set. We illustrate some typical cases in following table. It can be seen that both length and period of MG do not perfectly match the PRS. 
Table 10 Ilustrations of duration of continuous PRS
	FR/SCS
	DL-PRS-NumSymbols
	DL-PRS-ResourceRepetitionFactor
	DL-PRS-ResourceTimeGap
	Number of PRS resources per set
	Total duration (ms)

	FR1/15kHz
	12
	8
	1
	1
	8

	FR1/15kHz
	12
	8
	4
	4
	32

	FR1/15kHz
	6
	4
	2
	4
	8

	FR1/15kHz
	6
	2
	4
	8
	8

	FR1/30kHz
	12
	32
	1
	1
	16

	FR2/60kHz
	6
	4
	32
	64
	24

	FR2/120kHz
	6
	4
	32
	64
	12


Due to mismatch of period, the effective PRS measurement period is calculated by LCM(TPRS, TMG), which is the least common multiple of PRS and MG periodicity.  As the measurement period increases, the latency for physical layer measurement increases.
While for mismatch of length, if the duration of configured PRS is larger than MG length, the UE is not expected to measure DL PRS outside the DL active BWP during the time window of gap length which may lead to accuracy performance degradation because of short PRS duration. However, if the duration of PRS is shorter than gap length, e.g. 12ms length for PRS and 20ms length for MG, extra MG length (e.g. 8ms) will cause unnecessary interruption and waste of resources, unless configuring other measurement such as RRM within the MG occasion.
· The latency of MG request and configuration is long
In current specification, MG request and configuration are both RRC signalling. RRC processing time is assume as 10ms, therefore, the latency for MG request and configuration is nearly 20ms. This latency is relatively long for positioning with low latency requirements.
· In some cases, the benefits brought by MG do not match the restrictions brought by MG  
For example, the UE is configured with a PRS resource with small overhead such as 10MHz bandwidth PRS and the PRS resource is located at the edge of a DL active BWP as shown in Figure. To perform PRS measurement, the UE is configured with a MG. In this case, the PRS processing with only 10M bandwidth will cause data interruption for all carriers or all carriers in corresponding frequency range for a period of time. The benefits brought by MG do not match the restrictions brought by MG. From our point of view, performing BWP switching to another BWP in the same carrier to measure PRS seems to be a suitable method.

Figure 9 Measurement of PRS with small bandwidth located at the boundary of BWP
Observation 10: 
· Using measurement gap for DL PRS measurement has the following problems.
· Using measurement gap to perform PRS measurement may lead to data interruption
· The mismatch of the period/length between measurement gap and PRS may lead to larger latency , lower accuracy or waste of resources
· The latency of measurement gap request and configuration is long
· In some cases, the benefits brought by measurement gap do not match the restrictions brought by measurement gap
Therefore, we propose to introduce ‘BWP switching’ as an alternative to using measurement gap. Performing BWP switching to measure PRS has the following advantages:
· Only interrupt the transmission of data during BWP switching.
Related description of interruption for BWP switching is shown below[7] . 
	The UE is not required to transmit UL signals or receive DL signals until the first DL or UL slot occurs right after a time duration of TBWPswitchDelay which starts from the beginning of DL slot n except DCI triggering BWP switch on the cell where DCI-based BWP switch occurs. 


Compared with MG, using BWP switching to measure PRS only causes interruption in a short time of BWP switching. During the PRS measurement, the UE can also receive data or signals at other frequency domain locations. This is good for processing high-priority data services e.g. URLLC service. And if PRS can be measured within an active DL BWP, even if the PRS will occupy the entire BWP for a period of time, the gNB has the opportunity to schedule data on other carriers.
· Suitable for PRS measurement with low overhead.
We can use the same example as Figure 9. In this case, PRS and active DL BWP are on the same carrier. In a short time, the UE can switch the active BWP to a new BWP that can cover the PRS. If the center frequency is the same before and after the BWP switching, the switching time can be even shorter e.g. tens of microseconds. It will not cause long-time data transmission interruption due to PRS with small bandwidth. 
· No restrictions on PRS period and length.
There are no restrictions caused by mismatch of the period/length. For example, for mismatching of PRS period and MG period, the DL PRS measurement delay is calculated by the least common multiple of PRS and MG periodicity. While using BWP switching to perform PRS measurement instead of using MG, this restriction can be removed and the measurement delay can be reduced. It can be observed in our companion contribution [2], DL measurement delay can be impacted by PRS periodicity instead of the least common multiple of PRS and MG periodicity if BWP switching for PRS measurement is introduced, and the physical layer latency is reduced by nearly 16 ms for DL measurement
· The latency of DCI-based BWP switching is very short.
Compared with MG configuration, it takes up to 3ms to complete the BWP switching which is beneficial for PRS physical layer processing delay. It can be observed in our companion contribution [2], the latency of measurement requesting and measurement configuration can also be reduced by BWP switching to perform PRS measurement, and the physical layer latency is reduced by nearly 20ms for measurement requesting and measurement configuration.
· BWP switching can be conducted in PRS aggregation processing.
In the R-17 stage, we will study DL PRS processing with aggregated DL PRS resources. However, in current specification, a UE is expected to process one frequency layer at a time and RAN4 requirement assumes only one frequency layer per measurement gap. Therefore, this causes a problem with using MG to processing multiple positioning frequency layers at the same time. Considering the UE can process data or signals from multiple active DL BWP from different carriers at the same time, we think it is possible to perform BWP switching to measure PRS resources from multiple positioning frequency layers at the same time. 
Observation 11: 
· Using BWP switching to measure DL PRS has the following benefits compared with measurement gap.
· Only interrupt the transmission of data during BWP switching
· Suitable for PRS measurement with low overhead
· No restrictions on PRS period and length
· The latency of DCI-based BWP switching is very short
· BWP switching can be conducted in PRS aggregation processing
Based on above analysis, we think BWP switching can be considered as an alternative to using MG. For some cases, such as where high accuracy requirement (PRS with large bandwidth) and low data service requirement are requested, or no target BWP available (e.g. inter-frequency measurement), MG can be configured; but for some cases, such as PRS with small bandwidth, high priority data service requirements (the UE does not expect data interruption for long time), or there is available BWP to be switched (such as single-carrier operation), configuring BWP switching may be a better choice. In addition, it is up to serving gNB to choose the suitable method to assist PRS measurement for different cases. For example, considering the interruption caused by the MG, the gNB can reject the MG request of the UE and trigger the BWP switching instead.
Proposal 23: [bookmark: p13]
· BWP switching can be considered in Rel-17 as an alternative to using measurement gap.
In addition, the premise of using BWP switching to measure PRS is to allow the UE to measure PRS within the active DL BWP. However, in current specification, UE is not expected to process DL PRS without configuration of MG. This behaviour overturns our previous understanding that the UE can perform PRS measurements when the PRS is within the active DL BWP with the same numerology. There are two main reasons for introducing this behaviour. On the one hand, whether to configure MG for PRS measurement is up to the serving gNB and the LMF cannot get this information, thus once MG is not configured, the accuracy requirement cannot be ensured. On the other hand, UE processing capability is difficult to define for PRS measurement within BWP considering concurrent processing PRS and other channels/signals, so that the UE behaviour in Rel-16 is defined based on UE processing capability only within configured MG. 
Therefore, in Rel-17, regarding PRS measurement within active DL BWP, we can also do the following enhancements. For UE behaviour, it can be further modified to include PRS measurement within an active DL BWP. For example, include the following description ‘if UE requested MGs for PRS measurement but the MGs are not configured, UE is not expected to process DL PRS within an active DL BWP’. For UE processing capability, we suggest that RAN1 can continue to study the UE processing capability when MG is not configured. Therefore, we also propose that
Proposal 24: 
· PRS measurement within active DL BWP should be supported in Rel-17.
Measurement gap related enhancements
The UE is expected to process DL PRS within measurement gap. In the Rel-17 SI stage, we are studying the following PRS enhancements, such as on-demand PRS, aperiodic/semi-persistent PRS, and PRS aggregation. Therefore, measurement gap for different DL PRS enhancements also needs to be studied.
On-demand measurement gap 
On-demand PRS is discussed in clause 3.4. 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 MG for positioning should also be introduced. 
For example, for higher accuracy demand, UE or LMF request specific PRS configuration with a longer duration of PRS positioning samples or smaller periodicity. Then, the LMF initiates an update of these PRS configurations and sends new configurations to the gNB and UE participating in positioning. However, whether the UE can successfully measure the updated PRS depends on whether a suitable MG is configured. For example, if the PRS configuration (e.g. a longer duration of PRS positioning samples or smaller periodicity) is updated, but the MG configuration is not updated accordingly, then the UE can still only perform PRS measurement in the previous MG, thus failing to achieve the purpose of ‘on-demand’. We suggest that the LMF or UE can request the serving gNB to configure MG that conforms to the ‘on-demand PRS’, then the serving gNB updates the MG configuration to assist the UE to complete the ‘on-demand PRS’ measurement. The request may also include a ‘priority indication’ of on-demand positioning and a start time for new PRS configuration and a duration.  ‘Priority indication’ is used to inform the importance of current positioning request, so that the serving gNB will not easily reject the MG request. The start time and duration for on-demand PRS are used to indicate the effective time to the serving gNB, so that serving gNB can flexiblely configure the MG time domain location to match on-demand PRS.  Furthermore, if the serving gNB rejects the ‘on-demand MG’ request, it may feedback a rejection indication to the LMF or UE, and then the LMF can further adjust the ‘on-demand PRS’ configuration, such as restoring the previous PRS configuration.
In addition, we also support LMF request MG with the following motivations. 
· Based on the conclusion of Rel-16 ‘UE is not expected to process DL PRS without configuration of measurement gap’, if this behaviour does not change during Rel-17 stage, regardless of whether the PRS is within the scope of the active BWP, MG is always requested.  Therefore, even if the LMF does not know the BWP configuration, it can also request the MG on-demand.
· LMF request MG can reduce latency. For example, this request can be sent by LMF before ‘LPP Provide Assistance Data message’, so it is no need for the UE to spend extra time requesting the MG and even waiting for MG configuration after receiving assistance Data data, which can reduce physical layer latency nearly 20ms. 
As an indispensable part of PRS measurement, we think the design and related signalling/configuration of on-demand MG can follow the progress of on-demand PRS study. 
Proposal 25: 
· Support to introduce on-demand measurement gap for on-demand PRS in Rel-17.
· LMF requests measurement gap should be supported.
Low layer triggering measurement gap 
MG configuration is via RRC signaling and may cause large latency during positioning procedures. On the one hand, it takes about 10ms for the UE to process the MG configuration, which is a much higher latency compared to DCI or MAC CE based latency. On the other hand, MG is periodically used. When the MG period does not match the PRS period, the effective PRS measurement period needs to be extended (e.g. the effective PRS measurement period is calculated by LCM(TPRS, TMG), which is the least common multiple of PRS and MG period), which leads to a greater delay.  For example, a UE is configured with PRS with 10ms period and MG with 20ms period (the minimum MG period is 20ms).  The effective PRS measurement period is 20ms which is twice the PRS period. There is one PRS occasion between 2 MG occasions, but the UE is not expected to perform measurement. In addition, in clause 3.5, semi-persistent and a-periodic transmission and reception of PRS are discussed. If semi-persistent or a-periodic PRS is supported, performing PRS measurements within periodic MG is very difficult. 
Therefore, we think low layer triggering measurement gap is needed for positioning enhancement.  Let’s take DCI-triggered MG as an example, which is applicable for the following scenarios.
· Mismatch of PRS period and MG period. DCI-triggered MG enables the UE to measure PRS occasions which are out of MG window coverage due to mismatch of period as shown in Figure 10 

[bookmark: _Ref52530207]Figure 10 DCI-triggered measurement gap for mismatch of PRS period and MG period
It can be observed in our companion contribution [2], DL measurement delay can be impacted by PRS periodicity instead of the least common multiple of PRS and MG periodicity if aperiodic MG is introduced, and the physical layer latency is reduced by nearly 16 ms for DL measurement
· Aperiodic PRS triggering. DCI-triggered MG enables the UE to measure aperiodic PRS occasion which is temporarily triggered without periodic MG available as shown in Figure 11.

[bookmark: _Ref52530224]Figure 11 DCI-triggered measurement gap for a-periodic PRS measurement
Through the above brief analysis, we believe that low layer triggering measurement gap should be considered in Rel-17 for NR positioning enhancement.
Proposal 26: 
· Low layer triggering measurement gap should be considered in Rel-17 for NR positioning enhancement.
Measurement gap for positioning frequency layer aggregation
In clause 3.3, PRS aggregation is discussed.  The UE should be able to measure at least 2 positioning frequency layers at the same time. This requires the UE to measure at least 2 positioning frequency layers in 1 MG at the same time, or the UE can perform PRS measurement within at least 2 MGs at the same time. But in current specification, a UE is expected to process one frequency layer at a time and RAN4 requirement assumes only one positioning frequency layer is processed per MG. Therefore, according to the current MG progress, it is impossible to perform PRS aggregation processing using MG. 
Therefore, MG enhancement for concurrent processing multiple positioning frequency layers should be considered.  For example, the UE should be able to perform multiple positioning frequency layer measurement at a time by multiple independent MGs, or the UE should be able to perform multiple positioning frequency layer measurement at a time by a single MGs. 
Proposal 27:  
· Measurement gap enhancement for concurrent processing multiple positioning frequency layers should be considered, if DL PRS processing with aggregated DL PRS resources is supported.
Measurement gap related report
It has been agreed that the UE is not expected to process DL PRS without configuration of MG in Rel-16.  When MG is configured, it is up to UE’s implementation to report PRS measurement outside the time window of MG. Therefore, an indication in the measurement report may be introduced to indicate a measurement corresponding to MG or not, which assists the LMF to select reliable location information and then optimize the positioning results based on the remaining information.
Proposal 28:  
· Measurement gap related indication should be included in positioning measurement report.
Method for the enhancement of angle-based positioning  
	Agreement:
The scenario, benefits, and methods for improving the accuracy of the UL AoA and DL-AoD methods for both UE-based and network-based (including UE-assisted) positioning can be investigated in Rel-17.


In the RAN1#102-e meeting, the above agreement has been achieved that the scenario, benefits, and methods for improving the accuracy of the UL AoA and DL-AoD methods for both UE-based and network-based (including UE-assisted) positioning can be investigated in Rel-17.
For the angle-based positioning, the main error is that the angle is the strongest path other than the LOS path or first path. In this case, it is beneficial to estimate the first path by UL-TDOA firstly and then estimated the angle of the first path. It is observed that the positioning accuracy can be improved to 0.41 m for SH and 0.68m for DH by UL-TDOA and AoA based on the evaluation results in Figure 12 and Table 11.
It is noted that the UL-TDOA and AoA can be achieved by the combination of Rel-16 techniques UL-TDOA and AoA with no impacts to the specification.
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[bookmark: _Ref53415152]Figure 12 The evaluation results of the UL AoA and the UL-TDOA and AoA
[bookmark: _Ref52468463]Table 11 The evaluation results of the UL AoA and the UL-TDOA and AoA
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH
Convex UE
	UL-TDOA+AOA
	0.067
	0.11
	0.21
	0.41

	
	
	UL-TDOA+AOA sync error 50ns
	0.098
	0.17
	0.26
	0.43

	
	
	AOA 
	1.25
	2.15
	3.28
	5.93

	
	
	AOA sync error 50ns
	1.31
	2.24
	3.75
	6.20

	
	SH
all UE
	UL-TDOA+AOA
	0.078
	0.14
	0.25
	0.41

	
	
	UL-TDOA+AOA sync error 50ns
	0.11
	0.21
	0.33
	0.63

	
	
	AOA
	1.35
	2.21
	3.38
	6.08

	
	
	AOA sync error 50ns
	1.43
	2.41
	4.02
	6.47

	FR1
	DH
Convex UE
	UL-TDOA+AOA
	0.047
	0.094
	0.18
	0.68

	
	
	UL-TDOA+AOA sync error 50ns
	0.059
	0.10
	0.26
	0.77

	
	
	AOA 
	2.28
	3.39
	4.29
	5.48

	
	
	AOA sync error 50ns
	2.45
	3.56
	4.45
	5.76

	
	DH
all UE
	UL-TDOA+AOA
	0.055
	0.11
	0.41
	4.12

	
	
	UL-TDOA+AOA sync error 50ns
	0.083
	0.17
	0.44
	4.23

	
	
	AOA
	2.45
	3.63
	4.70
	6.86

	
	
	AOA sync error 50ns
	2.63
	3.68
	4.75
	7.06


Observation 12: 
· UL-TDOA and AoA as an implementation algorithm can improve the accuracy of angle-based positioning and do not affect existing specifications.
Proposal 29: 
· The combination of Rel-16 technique as an implementation algorithm can improve the accuracy of angle-based positioning, and no specification change is needed.
Method for reducing Rx/Tx errors and synchronization error
	Agreement:
The scenario, benefits, methods and signaling for improving positioning accuracy in the presence of the UE Rx/Tx transmission delays, and/or and gNB Rx/Tx transmission delays, will be investigated for UE-based and network-based (including UE-assisted) positioning in Rel-17.


Reducing RX/TX errors and synchronization error by UL-TDOA+AOA
As we know, the sync error and Rx/Tx Transmission delays only impact on the timing based positioning technique. And AoA positioning accuracy is not affected by the sync error and Rx/Tx Transmission delays. The accuracy of UL-TDOA+AoA is 0.4m @ 90% in SH and 0.68m @ 90% in DH. And the accuracy is 0.43m in SH and 0.77m in DH when synchronization is 50ns based on the evaluation results as Table 11. So it is quite obvious that the UL-TDOA+AoA can be used to estimate synchronization error and Rx/Tx Transmission delays considering the high accuracy and the feature not affected by sync and Rx/Tx delay. Then, we take sync error as an example to illustrate how to reduce the sync error.
In the ideal situation, the OTDOA measurement would be equal to . When there is a sync error, the OTDOA measurement would be equal to . 
Thus, if the network obtains the RTSD measurements and the AoA measurements from gNBs, it could estimate the sync error between the gNBs. It is noted that UL-TDOA+AoA is better for the estimation of the sync error and Rx/Tx Transmission delays compared with by Multi-RTT considering the angle-based positioning not influenced by the sync error or Rx/Tx Transmission delays, while Multi-RTT also is affected by Rx/Tx Transmission delays.

[image: ]
[bookmark: _Ref53415816]Figure 13 Sync error estimation accuracy with UL-TDOA+AOA
Meanwhile, the estimation accuracy of sync error is listed in Figure 13, where the pink line is the real sync error of positioning TRP for all UEs, the blue line is the sync error which is estimated by  UL-TDOA+AoA, and the green line is the error of estimation. It is observed that the sync error is reduced from 75.6 ns to 6.1ns.
But, in this case, the RTOA and uplink Angle of Arrival of the same path or the same TRP needs to be requested or reported simultaneously. Then the sync error can be better eliminated. So the enhancement of UL-TDOA+AoA is needed for better estimation of sync error and Rx/Tx Transmission delays.
Observation 13: 
· Sync error and Rx/Tx Transmission delays can be reduced by the enhancement of UL-TDOA+AoA
Proposal 30: 
· The enhancement of Rel-16 technique (UL-TDOA+AoA) can be the method for improving the accuracy in the presence of Rx/Tx transmission delays and sync error.
Reducing RX/TX errors and synchronization error by 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 sync error and Rx/Tx Transmission delays.
In an industrial factory, the sync error and Rx/Tx Transmission delays of TRPs are the same in an industrial factory within a certain time. The measurement results of the reference points can be used to calculate the sync error and Rx/Tx Transmission delays of TRPs by comparing its’ real location with the estimated location, then the sync error and Rx/Tx Transmission delays of TRPs can be provided to the other UEs to compensate for the error accordingly. Besides, the differential positioning can also be used with Rel-16 positioning techniques to improve positioning accuracy. the details of differential positioning are in [8].
The estimation accuracy of sync error is listed as below, it is observed that the sync error is reduced from 78.9 ns to 0.42ns and the Rx/Tx Timing error is reduced from 9.11 ns to 0.44ns for 90% positioning TRP of all UE.by differential positioning.
[image: ]
Figure 14 sync error estimation accuracy with differential positioning 
[image: ]
Figure 15 Rx/Tx Timing error accuracy with differential positioning
Observation 14: 
· Sync error and Rx/Tx Timing error can be reduced by differential positioning technique
Proposal 31: 
· The differential positioning technique can be studied as the method for improving the accuracy in the presence of Rx/Tx transmission delays and sync error.
Method for reducing NLOS error
In section 2.1, we mentioned that 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. 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 discussed to improve positioning accuracy in NLOS, differential positioning technique and machine learning.
One technology to reduce NLOS error is 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. In our companion contribution[8], we give a more detailed description of differential positioning and the corresponding simulation results. It can be observed that in NLOS scenario ({60%, 6m, 2m} of InF-DH),  the positioning error can be reduced from 18m to 7m.
Another technology to reduce NLOS error is machine learning. 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. In positioning scenarios, 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. In our companion contribution[8], we give a more detailed description of machine learning and the corresponding simulation results. It can be seen that in NLOS scenario ({60%, 6m, 2m} of InF-DH),  the positioning error can be reduced from 24m to 4m.
Therefore, we propose that
Proposal 32: 
· The differential positioning technique and machine learning technique can be studied as the method for improving the accuracy in the presence of NLOS error.
Method for reducing positioning latency 
	Agreement:
· For reducing NR positioning latency, more efficient signaling & procedures will be investigated to enable a device to request and report positioning information, which may include, but not limited to, the following aspects:
· DL PRS/UL SRS configuration, activation or triggering.
· The request for positioning information (the assistance data, etc.).
· The report of positioning information (the measurement report, etc.).
· Note: It is not within RAN1 scope to analyze positioning architecture enhancements to enable such more efficient signaling & procedures. 
Note: RAN1 does not make any assumptions on whether the LCS architecture specified in TS 23.273 is enhanced or not


Low layer triggering positioning requesting/ positioning reporting is needed for reducing the latency of decoding of the PDSCH carrying the LPP Request Location Information message at the UE side (step 1 in section 3.1.1 in [2]) and the PUSCH carrying the LPP Provide Location Information message (End trigger in section 3.1.1 in [2]). Based on the analysis in 3.1.1, it is observed the latency of step 1 and End trigger step by Rel-16 solution is 20ms. While the latency of low layer triggering positioning requesting/ positioning reporting doesn’t need to consider the RRC process time, and the value of step 1 and End trigger step is 0 if the physical layer triggering is applied, and is ms if the MAC layer triggering is applied. The enhancement will reduce the latency by 13~20ms.
The contrast of step (Start trigger, 1, 7, End trigger) between Rel-16 positioning technique and NR enhancement with Low layer triggering positioning requesting/ positioning reporting are listed as Table 11 and as Figure 16.
[bookmark: _Ref52013847]Figure 16 The procedure of step (Start trigger, 1, 7, End trigger) of Rel-16 positioning technique and NR enhancement with physical layer triggering requesting/reporting
[bookmark: _Ref52013826]Table 12 the latency component and values range for step 2-6 of Rel-16 positioning technique and NR enhancement with physical layer triggering requesting/reporting
	[Case 10], [IIoT/ Commercial], [Frequency Band], [DL-TDOA/AoD VS physical layer triggered]

Source [UE]/Destination [UE]
Positioning technique [DL-TDOA/AoD], type [DL], mode [UE-B], 
Initial and Final RRC States [IDLE, INACTIVE, CONNECTED]

	Latency Component
	Rel-16 positioning technique
Value Range
(ms)
	NR enhancement with on-demand PRS/Aperiodic PRS
	Description of Latency Component of NR enhancement with Positioning BW

	Start trigger
	[0.5-1,7.5]
	0.5 ms
	· Dynamic Scheduling latency for positioning request
· Transmission of the PDCCH from the gNB carrying Positioning requesting message. Which value less than the DL/UL data transmission time, including  ,  and and smaller than 0.5ms.


	1: Successful decoding of the PDSCH carrying the LPP Request Location Information message at the UE side.

	10 
	
	· 

	7: Transmission of the PUSCH from the UE carrying the LPP Provide Location Information message.

	[0.5-1, 12.5]
	0.5ms
	· PUCCH latency for positioning reporting
· Transmission of the PUCCH from the UE carrying measurement/location message. Which value less than the DL/UL data transmission time, including  ,  and and smaller than 0.5ms.


	End trigger
	10ms
	
	· 



Observation 15: 
· Positioning requesting/ positioning reporting doesn’t need to consider the RRC process time if low layer triggering Positioning requesting/ positioning reporting is supported, and the physical layer latency is reduced by nearly 20 ms.
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 16: [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 33: [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 34: [bookmark: p11]
· Aperiodic positioning measurement report can be considered in Rel-17.
Method for reducing power consumption
UE battery life is an important aspect of the user's experience, which will influence the adoption of 5G NR handsets and/or services. For positioning service, considering operation of larger bandwidth and multiple TRPs, UE consumes a lot of power in measurement and report. Therefore, in this SI, positioning schemes with efficient UE power consumption needs to be studied as one aspect of objective. The study of UE power saving for positioning is to identify the feasibility and benefit of techniques to allow UE implementations which can operate with reduced power consumption. Therefore, we study the enhancements related to power consumption as follows.
DRX related enhancement for NR positioning
Based on current RAN4 conclusion, PRS measurement requirement is defined independent of DRX configuration, that is when the UE is configured with DRX, the UE also wakes up to measure PRS during the DRX inactive time. In our view, it will cause violation of power saving if the UE receives PRS regardless of DRX state. For example, in DRX mode, the UE is probably in deep sleep state and will need at least 20ms to wake up only for receiving 1 PRS occasion. The power consumption loss exceeds the benefit by far.
Power consumption evaluation for PRS reception with and without impact of DRX is shown below, which is based on our power consumption model, method and assumptions in our companion contribution [2][6].
For PRS reception impacted by DRX configuration , we set the PRS period to be consistent with the DRX period which is equal to 160ms (the actual PRS period is 80ms and the DRX cycle is 160ms) as shown in Figure 17, which assumes that the UE only measures PRS during DRX active time. While for PRS reception not impacted by DRX, we set the PRS period is 80ms and the DRX cycle is 160ms as shown in Figure 18, which assumes that  the UE receives PRS during DRX active time and DRX non active time.

[bookmark: _Ref52530401]Figure 17 Procedure of PRS measurements in DRX cycle (160ms) for PRS reception impacted by DRX (1 DRX cycle with 1 PRS occasion to measure)

[bookmark: _Ref52530436]Figure 18 Procedure of PRS measurements in DRX cycle (160ms) for PRS reception not impacted by DRX (1 DRX cycle with 2 PRS occasion to measure)
In addition, in Table 13, we compared the UE power consumption of the two cases above.
[bookmark: _Ref52529729]Table 13 Power components analysis for PRS measurement with/without DRX impact
	Power state
	Relative power
	
Duration(ms)


	
	
	PRS reception impacted by DRX
	PRS reception not impacted by DRX

	Deep sleep
	1
	115
	110

	Light sleep
	20
	23
	23

	Micro sleep
	45
	4
	4

	SSB for Inter-frequency measurement
	150
	5
	5

	SSB for Intra-frequency measurement
	150
	2
	2

	SSB Proc.
	100
	2
	2

	Single positioning frequency layer measurement
	610
	4
	8

	Gap switching 
	45
	1
	2

	PDCCH-only monitoring
	100
	4
	4

	Sleep transition type
	Transition energy
	Transition times
	Transition times

	Deep sleep transition
	450
	1
	2

	Light sleep transition
	100
	3
	3

	Calculation
	

	DRX cycle
	-
	160
	160

	Average power
	-
	35.2500
	53.5625

	Power saving gain
	-
	34.19%
	0



It can be observed that, when PRS measurement is impacted by DRX (reception 1 PRS occasion every DRX cycle (160ms)), 34.19% power saving gain is shown, comparing with PRS measurement regardless of DRX(reception 2 PRS occasions every DRX cycle (160ms)) . If PRS reception is impacted by DRX, a great power saving gain will be obtained.
Observation 17: 
· When PRS measurement is impacted by DRX (reception 1 PRS occasion every DRX cycle (160ms)), 34.19% power saving gain is shown, comparing with PRS measurement regardless of DRX(reception 2 PRS occasions every DRX cycle (160ms)).
In current specification, except for PRS, CSI-RS for mobility and CSI-RS for CSI are impacted by DRX for power saving, which are 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, similarly, we think DRX impact on PRS measurement should also be considered for NR positioning enhancement. 
However, the bad influence of DRX on PRS measurement cannot be ignored. The most direct impact of DRX on PRS measurement is to extend the measurement period of PRS. On the one hand, within a certain response time, the number of PRS occasions measured by the UE is smaller, which will further lead to a decrease in accuracy performance. On the other hand, to ensure accuracy, it takes longer time for the UE to measure the enough number of PRS occasions, which leads to an increase of latency.  Thus, how to achieve the balance between positioning accuracy/latency requirement and power saving is the issue we should solve.
[bookmark: _Hlk529974035]For example, for certain conditions (e.g., low mobility deployment/low UE speed/favorable RSRP/LOS conditions), the number of PRS measurement occasions for a given duration (e.g., measurement period /response time) may be relaxed with negligible impact on accuracy performance, in this scenario, PRS measurement may be impacted by DRX configuration for power saving. In addition, for positioning service with low-priority (e.g., positioning service with low accuracy and latency requirement), PRS measurement may also be relaxed, so that PRS measurement impacted by DRX configuration may also be applied. In this case, the LMF may indicate a ‘switch’ for DRX impact, when the switch is turned on, the UE can only measures PRS during DRX active time; otherwise, the UE measures PRS regardless DRX configuration. 
Based on above analysis, we propose
Proposal 35: 
· For reducing power consumption, PRS measurement impacted by DRX configuration and related signalings should be considered for NR positioning enhancement.
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. When SMTC is configured, the UE is not expected to measure SSB outside the SMTC window which reduces unnecessary power consumption. 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 19, which may have a bad impact on power consumption, UE processing efficiency and latency. So we propose a PRS measurement window within a constrained duration (which can be called PRS-MTC) should be introduced in Rel-17. In this section, we focused on the impact of PRS MTC on UE power consumption for UE 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: _Ref52530462]Figure 19 The distribution of PRS without or with PRS-MTC
The UE can obtain power consumption gain based on PRS-MTC from the following two aspects.
· PRS-MTC enables concentrated PRS distribution in time domain
In this subsection, we compare two PRS distribution methods, namely concentrated PRS (baseline, as in Figure 17) and distributed PRS (as in Figure 20), which is based on our power consumption model, method and assumptions in our companion contribution [2][6]. The duration of concentrated PRS distribution is 5ms with 4ms PRS length and 1ms MG switching time. While for distributed PRS, we divide the concentrated PRS occasion of 4ms (baseline) into 4 PRS occasions with 1ms, and the adjacent PRS occasions are separated by 40ms. In this case, 4 measurement gap occasion with 2ms duration are assumed. Then we compare the power consumption performance of the 2 cases in one DRX cycle as shown in Table 14.


[bookmark: _Ref52530513]Figure 20 Procedure of distributed PRS measurements in one DRX cycle
[bookmark: _Ref52529778]Table 14 Power components analysis for concentrated and distributed PRS measurement
	Power state
	Relative power
	
Duration(ms)


	
	
	Concentrated PRS measurement 
	Distributed PRS measurement

	Deep sleep
	1
	115
	103

	Light sleep
	20
	23
	36

	Micro sleep
	45
	4
	0

	SSB for Inter-frequency measurement
	150
	5
	5

	SSB for Intra-frequency measurement
	150
	2
	2

	SSB Proc.
	100
	2
	2

	Single positioning frequency layer measurement
	610
	4
	4

	Gap switching 
	45
	1
	4

	PDCCH-only monitoring
	100
	4
	4

	Sleep transition type
	Transition energy
	Transition times
	Transition times

	Deep sleep transition
	450
	1
	3

	Light sleep transition
	100
	3
	5

	Calculation
	

	DRX cycle
	-
	160
	160

	Average power
	-
	35.2500
	43.3937

	Power saving gain
	-
	18.77%
	0


It can be seen that concentrated PRS measurement can mainly reduce the power consumption of deep sleep transition, and by adding the PRS MTC window to enable concentrated PRS measurement (1 concentrated PRS occasion every 160ms) , 18.77% power saving gain is shown, comparing with the distributed PRS measurement (4 distributed PRS occasion every 160ms).  
· PRS-MTC limits the processing for measurement within a constrained time period 
In addition to enable concentrated PRS measurement, PRS-MTC also can limit the processing for measurement within a constrained time window as shown in Figure 21, which is based on our power consumption model, method and assumptions in our companion contribution [2][6]. In this case, the UE is only required to measure PRS of 2ms length when configuring 2ms PRS MTC window.
Figure 21 Procedure of PRS measurements with PRS MTC (2ms) in the DRX cycle
In this subsection, we compare power consumption between PRS measurement with 2ms PRS-MTC window and without PRS MTC window (baseline, as in Figure 17). The corresponding power analysis is shown below.
Table 15 Power components analysis for PRS measurement by adding PRS MTC window in connected state
	Power state
	Relative power
	
Duration(ms)


	
	
	Without PRS-MTC
	PRS MTC(2ms)

	Deep sleep                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
	1
	115
	115

	Light sleep
	20
	23
	24

	Micro sleep
	45
	4
	5

	SSB for Inter-frequency measurement
	150
	5
	5

	SSB for Intra-frequency measurement
	150
	2
	2

	SSB Proc.
	100
	2
	2

	Single positioning frequency layer measurement
	610
	4
	2

	Gap switching 
	45
	1
	1

	PDCCH-only monitoring
	100
	4
	4

	Sleep transition type
	Transition energy
	Transition times
	Transition times

	Deep sleep transition
	450
	1
	1

	Light sleep transition
	100
	3
	3

	Calculation
	

	DRX cycle
	-
	160
	160

	Average power
	-
	35.2500
	28.0313

	Power saving gain
	-
	0
	20.48%


It can be observed that, by adding the PRS MTC window to limit PRS measurement in 2ms (from 4ms to 2ms), 20.48% power saving gain is shown, comparing with PRS measurement without PRS-MTC (the baseline assumption).
Therefore, based on above analysis, for UE power saving perspective, we propose that 
Proposal 36: [bookmark: p14]
· For UE power saving perspective, support to introduce positioning measurement window in Rel-17.
Other method for positioning power consumption
In addition to the above two methods, there are some other methods that are beneficial for reducing UE power consumption. Based on our power consumption model, method, assumptions and evaluation results in our companion contribution [2][6], we can observe that the following approaches are also benefit for power saving: extending PRS period,  reducing the number of TRPs to be measured,  reducing the number of positioning frequency layers to be measured.  
Specifically, regarding extending PRS period, it can be observed that, 
· By extending the PRS period to 2 times(160ms to 320ms), 22.03% power saving gain is shown. 
· By extending the PRS period to 4 times(160ms to 640ms), 33.05 % power saving gain is shown.
Regarding reducing the number of TRPs to be measured, it can be observed that, 
· By reducing the number of TRPs for PRS measurement (from 8 TRPs to 4 TRPs), 8.51% power saving gain is shown.
Regarding reducing the number of positioning frequency layers to be measured, it can be observed that, 
· By reducing the number of frequency layers to 2 (from 4 to 2), 36.91% power saving gain is shown.
· By reducing the number of frequency layers to 1 (from 4 to 1), 57.26% power saving gain is shown, comparing with the baseline assumption.
Therefore, for UE power saving perspective, extending PRS period, reducing the number of TRPs and frequency layers to be measured can be beneficial.
Proposal 37: 
· For UE power saving perspective, the following approaches are benefit and should be considered in Rel-17.
· Extending PRS period
· Reducing the number of TRPs to be measured
· Reducing the number of positioning frequency layers to be measured
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.
Table 19  Summary of positioning enhancements
	Potential enhancements
	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
	
	√
	√
	√

	· PRS aggregation
	√
	
	
	

	· Aperiodic/semi-persistent  PRS
	
	√
	√
	

	· UL PRS

	· PHR based on SRS-PosResource
	
	
	√
	

	· Prioritizations for transmission power reductions
	
	
	√
	

	· Priority indications of SRS-PosResource
	
	√
	
	

	· Measurement and report

	· Aperiodic positioning measurement report
	
	√
	
	

	· Priority rules for positioning measurement and report
	
	√
	
	√

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

	· Implementation-based solutions(RAIM)
	√
	
	
	

	· Physical-layer procedure

	· BWP switching for PRS measurement
	
	√
	√
	√

	· Low layer triggering measurement gap
	
	√
	√
	

	· Measurement gap related information report
	
	
	√
	

	· Measurement gap for  PRS aggregation
	√
	
	√
	

	· On-demand measurement gap
	
	√
	√
	

	· Positioning measurement window
	
	√
	√
	√

	· DRX related enhancement
	
	
	√
	√

	· Low layer triggered Positioning requesting/ positioning reporting
	
	√
	
	

	· Techniques

	· Differential positioning technique
(Reducing Rx/Tx error &sync error & NLOS error)
	√
	
	
	

	· UL TDOA+AoA
(Reducing Rx/Tx error & sync error& reducing angle-based error)
	√
	
	
	

	· Machine learning
(Reducing NLOS error)
	√
	
	
	


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: 
· PRS FDM with other DL signals and channels is beneficial to the positioning latency.
Observation 4:  
· For DL PRS processing with aggregated DL PRS resources, there are following challenges:
· The requirement for aggregating FL is hard to define
· The measurement gap for aggregating FL is different from current RAN4 definition
· The benefits of inter-band aggregating are unclear
Observation 5: 
· PHR based on SRS-PosResource is beneficial to increase the flexibility of the serving gNB for power control and configuration adjusting of SRS-posResource, e.g. power control for reducing interference for serving and neighboring cell , configuration adjusting for higher accuracy.
Observation 6: 
· The positioning performance of LOS/NLOS detection method degrades as LOS detection error probability increases.
Observation 7: 
· The positioning performance of an implementation-based solution without specification impact is better than that of LOS/NLOS detection method even if no LOS/NLOS detection error is assumed.
Observation 8: 
· Under the premise of idle state measurement, positioning report in the idle state can obtain 44.32% power saving gain compared to report in connected state.
· Compared to positioning measurement and report all in the connected state, positioning measurement and report in the idle state can obtain at least 48.38% power saving gain.
Observation 9: 
· Additional latency of 40~200ms will be introduced if the UE switches to a connected state from idle state for positioning measurement and report. 
Observation 10: 
· Using measurement gap for DL PRS measurement has the following problems.
· Using measurement gap to perform PRS measurement may lead to data interruption
· The mismatch of the period/length between measurement gap and PRS may lead to larger latency , lower accuracy or waste of resources
· The latency of measurement gap request and configuration is long
· In some cases, the benefits brought by measurement gap do not match the restrictions brought by measurement gap
Observation 11: 
· Using BWP switching to measure DL PRS has the following benefits compared with measurement gap.
· Only interrupt the transmission of data during BWP switching
· Suitable for PRS measurement with low overhead
· No restrictions on PRS period and length
· The latency of DCI-based BWP switching is very short
· BWP switching can be conducted in PRS aggregation processing
Observation 12: 
· UL-TDOA and AoA as an implementation algorithm can improve the accuracy of angle-based positioning and do not affect existing specifications.
Observation 13: 
· Sync error and Rx/Tx Transmission delays can be reduced by the enhancement of UL-TDOA+AoA
Observation 14: 
· Sync error and Rx/Tx Timing error can be reduced by differential positioning technique
Observation 15: 
· Positioning requesting/ positioning reporting doesn’t need to consider the RRC process time if low layer triggering positioning requesting/ positioning reporting is supported, and the physical layer latency is reduced by nearly 20 ms.
Observation 16: 
· The target latency of Rel-17 cannot be achieved based on the current Rel-16 specification.
Observation 17: 
· When PRS measurement is impacted by DRX (reception 1 PRS occasion every DRX cycle (160ms)), 34.19% power saving gain is shown, comparing with PRS measurement regardless of DRX(reception 2 PRS occasions every DRX cycle (160ms)).
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: 
· Regarding PRS simultaneous reception with other signals and channels, we should support enhancements as follows:
· PRS FDM with other DL signals and channels at RB level ouside of PRS time-frequency grid. 
· Introduce the priority indications of PRS for low latency positioning in Rel-17.
· Note: PRS simultaneous reception with other DL signals and channels is applied when measurement gap is not configured.
Proposal 4: 
· For on-demand PRS positioning, support at least one of the following behavior:
· Option1:
· Support the request/suggesting/recommending message from UE or LMF to gNB for suggesting a configuration of on-demand PRS 
· Support configuring a or multiple on-demand PRS for the response the requesting 
· Option 2:
· Support pre-configuring multiple on-demand PRS for requesting 
· Support the request message or trigger message with an on-demand PRS from UE or LMF to gNB for the transmitting of on-demand PRS.
Proposal 5: 
· Configuring on-demand PRS within a flexible window as a specific PRS pattern can be considered in Rel-17.
Proposal 6: 
· Periodic, aperiodic, and semi-persistent on-demand PRS should be supported.
Proposal 7: 
· On-demand DL PRS supports semi-persistent configuration with MAC CE or DCI activation/deactivation.
· On-demand DL PRS supports aperiodic configuration with triggered by DCI.
Proposal 8: 
· Choose one architecture of multi-TRP for semi-persistent/ aperiodic on-demand PRS:
· Option 1: multi-TRP belongs to the serving cells (in this case, the procedure and message of CSI-RS can be used as a reference for semi-persistent/ aperiodic on-demand PRS)
· Option 2: multi-TRP belongs to serving cells and neighbor cells (in this case, the procedure and message of SRS can be used as a reference for semi-persistent/ aperiodic on-demand PRS)
Proposal 9: 
· Both UE-initiated and network-initiated can be supported for on-demand PRS triggering if multi-TRP belongs to the serving cells.
· Network-initiated trigger for on-demand PRS is preferred if multi-TRP belongs to serving cells and neighbor cells.
Proposal 10: 
· On-demand PRS should be supported for UE-assisted and UE-based positioning.
· On-demand PRS should be supported for DL positioning and Multi-RTT positioning.
Proposal 11: 
· Semi-persistent DL PRS supports configuration with MAC CE or DCI activation/deactivation.
· Aperiodic DL PRS supports aperiodic configuration with triggered by DCI.
Proposal 12: 
· Choose one architecture of multi-TRP for semi-persistent/ aperiodic DL PRS:
· Option 1: multi-TRP belongs to the serving cells (in this case, the procedure and message of CSI-RS can be used as a reference for semi-persistent/ aperiodic DL PRS)
· Option 2: multi-TRP belongs to serving cells and neighbor cells(in this case, the procedure and message of SRS can be used as a reference for semi-persistent/ aperiodic DL PRS)
Proposal 13: 
· Semi-persistent/ Aperiodic DL PRS should be supported for UE-assisted and UE-based positioning.
· Semi-persistent/ Aperiodic DL PRS should be supported for DL positioning and Multi-RTT positioning.
Proposal 14: 
· Triggering a PRS window including all the triggered PRS  can be considered in Rel-17.
· Triggering an MG window and the PRS window together  can beconsidered in Rel-17.
Proposal 15: 
· Introduce the priority indications of SRS-PosResource for low latency positioning in Rel-17.
Proposal 16: 
· PHR based on SRS-PosResource should be introduced in Rel-17.
Proposal 17: 
· Introduce the priority indications of SRS-PosResource for transmission power reductions in Rel-17.
Proposal 18: 
· LOS/NLOS detection/identification algorithm should not be considered in Rel-17.
Proposal 19: 
· To enable DL idle and inactive mode positioning in NR, the following mechanisms could be considered: broadcasting or storing the assistance data for positioning, performing positioning measurement in idle /inactive mode, and reporting measurement results via mechanism like EDT or SDT.
Proposal 20: 
· To enable UL idle/inactive state positioning in NR, a UE needs to keep dedicated UL resource (e.g. SRS) after leaving connected mode. With this enhancement, the UE can transmit dedicated UL signal for UL positioning.
Proposal 21: 
· For idle/inactive positioning, DL positioning method, UL positioning method and DL+UL positioning method should be supported.
Proposal 22: 
· Priority rules for positioning measurement and report can be considered in Rel-17 positioning.
Proposal 23: 
· BWP switching can be considered in Rel-17 as an alternative to using measurement gap.
Proposal 24: 
· PRS measurement within active DL BWP should be supported in Rel-17.
Proposal 25: 
· Support to introduce on-demand measurement gap for on-demand PRS in Rel-17.
· LMF requests measurement gap should be supported.
Proposal 26: 
· Low layer triggering measurement gap should be considered in Rel-17 for NR positioning enhancement.
Proposal 27: 
· Measurement gap enhancement for concurrent processing multiple positioning frequency layers should be considered, if DL PRS processing with aggregated DL PRS resources is supported.
Proposal 28: 
· Measurement gap related indication should be included in positioning measurement report.
Proposal 29: 
· The combination of Rel-16 technique as an implementation algorithm can improve the accuracy of angle-based positioning, and no specification change is needed.
Proposal 30: 
· The enhancement of Rel-16 technique (UL-TDOA+AoA) can be the method for improving the accuracy in the presence of Rx/Tx transmission delays and sync error.
Proposal 31: 
· The differential positioning technique can be studied as the method for improving the accuracy in the presence of Rx/Tx transmission delays and sync error.
Proposal 32: 
· The differential positioning technique and machine learning technique can be studied as the method for improving the accuracy in the presence of NLOS error.
Proposal 33: 
· Introduce 10 ms level granularity for the response time and reporting intervals in CommonIEsRequestLocationInformation.
Proposal 34: 
· Aperiodic positioning measurement report can be considered in Rel-17.
Proposal 35: 
· For reducing power consumption, PRS measurement impacted by DRX configuration and related signalings should be considered for NR positioning enhancement.
Proposal 36: 
· For UE power saving perspective, support to introduce positioning measurement window in Rel-17.
Proposal 37: 
· For UE power saving perspective, the following approaches are benefit and should be considered in Rel-17.
· Extending PRS period
· Reducing the number of TRPs to be measured
· Reducing the number of positioning frequency layers to be measured
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Appendix A
Table 20 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 21 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 



[bookmark: _Ref52531267][bookmark: _Ref52531251]Table 22 Average power for the components introduced by positioning report in idle mode
	Power State
	Characteristics
	Relative Power 

	Coreset0+SIB1
	Equivalent to PDCCH + PDSCH. For idle mode, scaling factor is assume as 0.4 compared with connected states. 
	120

	RAR
	Equivalent to PDCCH + PDSCH.
	120

	Msg4
	Equivalent to PDCCH + PDSCH.  Msg4 contains contention resolution information and RRCEarlyDataComplete information, doesn’t contain additional RRC information to establish RRC connection.   
	120

	Msg3
	Equivalent to PUSCH. For idle mode, scaling factor is assume as 0.4.  
 Considering positionnig report carried in Msg3, the length of Msg3 is assumed as 4ms.
	280

	PRACH
	Sequence length is 839. SCS is 1.25kHz.
	175

	Paging occasion
	Equivalent to PDCCH + PDSCH.
	120



[bookmark: _Ref52531287]Table 23 Average power for the components introduced by positioning report in connected state and RRC state switching
	Power State
	Characteristics
	Relative Power 

	RRC state switching
	Coreset0+SIB1
	Equivalent to PDCCH + PDSCH. For idle mode, scaling factor is assume as 0.4 compared with connected states. 
	120

	
	RAR
	Equivalent to PDCCH + PDSCH.
	120

	
	Msg4
	Equivalent to PDCCH + PDSCH.  Msg4 contains contention resolution information and RRC setup information to establish RRC connection.   
	120

	
	Msg3
	Equivalent to PUSCH. For idle mode, scaling factor is assume as 0.4.  
	280

	
	PRACH
	Sequence length is 839. SCS is 1.25kHz.
	175

	
	Paging occasion
	Equivalent to PDCCH + PDSCH.
	120

	Positioning report in connected state
	SSB burst in connected state
	SSB can be used for fine time-frequency sync.
	100

	
	Msg5
	Equivalent to PUSCH. For connected state, scaling factor is assume as 1.  
	700

	
	Uplink grant
	Equivalent to PDCCH only.
	100

	
	PUCCH SR
	Equivalent to short PUCCH. Short PUCCH power = 0.3 x uplink power.
	210

	
	Pos report
	Equivalent to PUSCH.
	700

	
	RRC release
	Equivalent to PDSCH only. RRC connected state switches to idle state.
	280


[bookmark: _Ref52531301]Table 24 Average power for the components introduced by positioning measurement/report in connected state and RRC state switching
	Power State
	Characteristics
	Relative Power 

	RRC state switching
	Coreset0+SIB1
	Equivalent to PDCCH + PDSCH. For idle mode, scaling factor is assume as 0.4 compared with connected states. 
	120

	
	RAR
	Equivalent to PDCCH + PDSCH.
	120

	
	Msg4
	Equivalent to PDCCH + PDSCH.  Msg4 contains contention resolution information and RRC setup information to establish RRC connection.   
	120

	
	Msg3
	Equivalent to PUSCH. For idle mode, scaling factor is assume as 0.4.  
	280

	
	PRACH
	Sequence length is 839. SCS is 1.25kHz.
	175

	
	Paging occasion
	Equivalent to PDCCH + PDSCH.
	120

	Positioning measurement and report in connected state
	SSB burst in connected state
	SSB can be used for fine time-frequency sync.
	100

	
	Msg5
	Equivalent to PUSCH. For connected state, scaling factor is assume as 1.  
	700

	
	Uplink grant
	Equivalent to PDCCH only.
	100

	
	PUCCH SR
	Equivalent to short PUCCH. Short PUCCH power = 0.3 x uplink power.
	210

	
	Pos report
	Equivalent to PUSCH.
	700

	
	RRC release
	Equivalent to PDSCH only. RRC connected state switches to idle state.
	280

	
	PRS measurement
	PRS bandwidth is equal to 20M.
	240


Appendix B
Agreement:
Partial staggering and non-staggering RE mapping of SRS for positioning with different combinations of comb-factors and symbol lengths will be investigated in Rel-17.
· The methods/signalling for addressing potential time-domain aliasing due to the partial/non-staggering RE mapping will be included in the study.
Agreement:
· Semi-persistent and a-periodic transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable semi-persistent and a-periodic DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· On-demand transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable on-demand DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· Notes: 
· Semi-persistent means MAC-CE triggered
· Aperiodic would correspond to DCI-triggered
· On-demand corresponds to the UE-initiated or network-initiated request of PRS and/or SRS. So, it is NOT the same as whether PRS is DCI-triggered or MAC-CE triggered. It is about UE or LMF request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. 
Agreement:
· Multipath mitigation techniques will be investigated in this SI for improving positioning accuracy, which may include, but not limited to the following:
· The applicable scenarios and performance benefits of multipath mitigation techniques 
· The methods/measurement/signaling for the LOS/NLOS detection and identification
· The measurements for supporting the multipath mitigation/utilization
· The procedure and signaling for supporting the multipath mitigation/utilization
· Implementation-based solutions (e.g., outlier rejection) without the need of any additional specified method/measurements/procedures/signaling.
· Note: The above study applies to DL only, UL only, DL+UL positioning solutions for UE-based and UE-assisted positioning.
Agreement:
· NR positioning for UEs in RRC_IDLE state and UEs in RRC_INACTIVE state will be investigated in Rel-17, including the benefits on latency, network/UE efficiency and UE power consumption
· FFS: which positioning methods to be supported, e.g., DL positioning, UL positioning, DL+UL positioning and/or Multi-RTT
· FFS: the details of how to enable the UE positioning in RRC_IDLE state and RRC_INACTIVE state
· Reference signals (e.g., based on DL PRS signals, UL SRS signals, both of them, etc.)
· Signaling and procedures (e.g., based on PRACH procedure, paging triggered UL SRS transmission, etc.)
Agreement:
· For reducing NR positioning latency, more efficient signaling & procedures will be investigated to enable a device to request and report positioning information, which may include, but not limited to, the following aspects:
· DL PRS/UL SRS configuration, activation or triggering.
· The request for positioning information (the assistance data, etc.).
· The report of positioning information (the measurement report, etc.).
· Note: It is not within RAN1 scope to analyze positioning architecture enhancements to enable such more efficient signaling & procedures. 
· Note: RAN1 does not make any assumptions on whether the LCS architecture specified in TS 23.273 is enhanced or not.
Agreement:
· Aggregating multiple DL positioning frequency layers of the same or different bands for improving positioning performance for both intra-band and inter-band scenarios will be investigated in Rel-17, which may take into account at least the following
· The scenarios and performance benefits of aggregating multiple DL positioning frequency layers
· The impact of channel spacing, timing offset, phase offset, frequency error, and power imbalance among CCs to the positioning performance for intra-band contiguous/ non-contiguous and inter-band scenarios
· UE complexity considerations
· Note: What is captured in the TR will be discussed separately.
Agreement:
Simultaneous transmission by the UE and reception by the gNB of the SRS for positioning across multiple CCs and multiple slots can be investigated in Rel-17, which may consider 
· The scenarios and performance benefits of the enhancement
· The impact of channel spacing, TA and timing offset, phase offset, frequency error, and power imbalance across slots or CCs to the positioning performance for intra-band contiguous/ non-contiguous and inter-band scenarios 
Agreement:
The scenario, benefits, and methods for improving the accuracy of the UL AoA and DL-AoD methods for both UE-based and network-based (including UE-assisted) positioning can be investigated in Rel-17.

Agreement:
The scenario, benefits, methods and signaling for improving positioning accuracy in the presence of the UE Rx/Tx transmission delays, and/or and gNB Rx/Tx transmission delays, will be investigated for UE-based and network-based (including UE-assisted) positioning in Rel-17.
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