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Introduction
[bookmark: _Hlk510705081]In Rel-16 native NR positioning support was standardized. At RAN#90 a new WI was approved on enhancements in Rel-17 to positioning [1]. This contribution discusses our views on the enhancements related to on-demand PRS. Our companion contributions discuss our others views [2-6]. The objective from the WID is to    
· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]
During the SI the below agreement was reached on the definition of the PHY latency.
Agreement:
Physical Layer Latency Start and End times are defined as follows:
	Method
	Start
	End

	UE assisted DL-only & DL-ECID & Multi-RTT
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message
	Successful decoding of the PUSCH carrying the LPP Provide Location Information message 

	UL-only method & UL ECID & Multi-RTT
	Reception by the gNB of the NRPPa measurement request message
	The transmission by the gNB of the NRPPa measurement response message

	UE-based
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information if applicable, otherwise,
· Alt. 1: transmission of the PUSCH carrying the MG Request from the UE.
· Alt. 2: Transmission of the PDSCH from the gNB carrying the LPP message containing the assistance data
· Alt. 3: Start of the Reception of DL PRS
Note: Suggest to downselect this at the next meeting.
Note: The high layers latency components may be subject to adjustment for different alternatives.
	Successful decoding of the PUSCH at gNB carrying the LPP Provide Location Information message if applicable, otherwise Calculation of Location Estimate at the UE
 



· The enhancements of signaling & procedures for reducing NR positioning latency are recommended for normative work, including DL and DL+UL positioning methods  
· The details of the solutions are left for further discussion in normative work, which may include the following aspects:
· Latency reduction related to the measurement gap
· Latency reduction related to the reporting and request of the measurements (e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules)
· Latency reduction related to measurement time
· The following enhancements of signaling & procedures for reducing NR positioning latency can be studied and specified, if needed
· Latency reduction related to the request and response of positioning assistance data (e.g., via RRC signaling, MAC-CE and/or physical layer procedure)
· Latency reduction related to the reception of DL PRS (e.g., priority rules for the reception of DL PRS)
· No assumptions are made on whether the LCS architecture specified in TS 23.273 is enhanced or not.

Discussion  
Enhancements on reporting positioning measurements
In Rel-16 NR positioning, the report event for positioning measurement from a UE to LMF is transparent to the serving base station. The nature of transparency may result in additional latency, especially in the procedure of positioning measurement report. Taking downlink time difference of arrival (DL-TDOA) technology as an example, the latency of positioning measurement reporting in lower layer is illustrated in Figure 1.


Figure 1: RSTD report latency
As shown in Figure 1, from the RSTD generation to RSTD report tranmsission, there may be following delay components:
· SR delay: preparing SR and waiting for SR occasion
· UL grant delay: SR decoding and preparing UL grant
· Scheduling delay: decoding UL grant and prepare MAC and PHY packet for RSTD report
To minimize the RSTD report delay, it is beneficial that the serving gNB can know when the UE will transmit positioning measurement report even before the RSTD report data being generated. 
Observation 1: For latency reduction, it is beneficial that the serving gNB can know when the UE will report positioning measurements.
To achieve this, the UE could request UL resource for positioning measurement report via RRC signaling, especially for periodic positioning report. More specifically, after receiving LPP Request Location Information from LMF, the UE prepares a measurement report assisted information. This information contains at least when the positioning measurement report to be transmitted. Then, the serving gNB is able to assign appropriate UL grant (including both dynamic grant and configured grant) to the UE based on received report assisted information via RRC. 
Proposal 1: UE could request the expected measurement report resource from the serving gNB via RRC signaling to minimize the positioning measurement report delay.
Measurement gap enhancements
At RAN1#106 the following agreement was reached:
Agreement:
For the purpose of positioning latency reduction, with potential support of a new mechanism of MG request, consider the following options with a decision to be made in RAN1#106b.
· Option. 1: by LMF (via a NRPPa message)
· Option. 2: by UE (via UCI or UL MAC CE)
While we understand the justification for this proposed new mechanism we are not sure there are really latency gains in option 1. The LMF needs to request the MG from the serving gNB and process the request just as it would an RRC meassage. The serving gNB then needs to configure the UE with the MG as normal. In addition, MG-less positioning has been agreed by working assumption. The LMF has no knowledge of the UEs active BWP so can’t determine which PRS may be received using the MG-less mode and therefore may not be able to request the optimal MG.
Observation 2: The latency gains of using an LMF MG request are unclear. 
Option 2 also seems to have some drawbacks as there is large specification impact and it is not clear how this mechanism would really work. 
Proposal 2: Do not support option 1 or option 2 for MG request mechanisms.  
At RAN1#106 the following agreement was reached:
Agreement:
For the purpose of positioning latency reduction, with potential support a new MG activation and deactivation procedure, consider the following options with a decision to be made in RAN1#106b (and RAN4 to be informed about any decision made)
· Option. 1: DCI
· Option. 2: DL MAC CE
· Option. 3: UE autonomously applies the MG
· FFS whether deactivation can be implicit via configurable number of the MG occasions
One aspect that seems not clear to us for Option 1 and Option 2 is if this activation applies to all types of MG or only MG for positioning. If it applies to all types of MG this seems to be a bit outside the scope of the ePos WI. 
Observation 3: It should be clarified if the MG activation and deactivation mechanism applies to only positioning or more generally. 
Looking specifically at option 1 it also has a large specification impact and would open many questions about how this procedure would work. 
Proposal 3: Option 1 of DCI based MG activation/deactivation is not supported. 
How option 3 would work in practice is very unclear to us and it generates many new technical questions. Given RAN1 has already agreed to move forward with MG-less PRS reception we think that we should not also support option 3. 
Proposal 4: Option 3 of UE autonomously applying the MG is not supported. 
Measurement gap-less PRS reception
At RAN1#106 the following working assumption was reached: 
Working assumption:
Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
· Inside the PRS processing window, subject to the UE determining that DL PRS to be higher priority, support the following UE capabilities: 
· Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside the window. 
· Cap. 1A: The DL signals/channels from all DL CCs (per UE) are affected.
· Cap. 1B: Only the DL signals/channels from a certain band/CC are affected.
· FFS: band or CC
· Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside the window
· A UE shall be able to declare a PRS processing capability outside MG.
· FFS: Details of capability signalling (e.g., per UE or per band, etc.)
· For the purpose of this feature, PRS-related conditions are expected to be specified, with the following to be down-selected:
· Alt. 1: Applicable to serving cell PRS only 
· Alt. 2: Applicable to all PRS under conditions to PRS of non-serving cell.
· Note: When the UE determines higher priority for other DL signals/channels over the PRS measurement/processing, the UE is not expected to measure/process DL PRS which is applicable to all of the above capability options.  
· Further study
· Further details of which other DL signals/channels to be prioritized 
· How the UE determines DL PRS’s priority based on one or more of the following:
· Opt. 1: Based on indication/configuration from serving gNB
· Opt. 2: Other options (e.g., implicit, signalling from LMF, etc)
· Whether UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens
· Prioritization conditions of processing PRS over other DL channels/signals or vice versa.
· Send an LS to RAN2, RAN3 and RAN4 informing them of this working assumption and requesting feedback in case they have concerns.
MG-less has clear benefit in our view and the WA should be confirmed by RAN1. Now that MG-less reception of PRS has been agreed as a working assumption there should be some RAN1 discussion on PRS priority and UE behaviour when MG-less leads to PRS dropping. In particular if the UE is attempting to receive the PRS in MG-less mode but is dropping the PRS multiple times (due to other DL signals and channels) then there should be some fallback mechanism in place to ensure the latency does not explode. One way to ensure this is to define a way for the UE to switch from MG-less to MG-based. For example, if a UE drops X PRS occasions in a row then it should request a MG or switch to MG-based mode. 
Observation 4: RAN1 should specify DL PRS priority rules over other DL signals/channels when a UE is measuring the PRS outside a MG. 
Proposal 5: Confirm the prior working assumption on MG-less PRS reception. 
Proposal 6: Specify a fallback method for the UE to switch from MG-less to MG-based if the UE drops enough PRS. 
A UE should be able to still make use of a MG if it is configured while at the same time potentially measuring the PRS without a MG for some occasions or TRPs. For example, the UE may measure certain PRS from some TRPs without a MG and then still measure the other TRPs’ PRS using a MG. This could even improve the latency. Any requirement changes are subject to RAN4 discussion. 
Proposal 7: A UE should be able to measure the PRS both outside and inside of a MG where applicable. Note: Any changes to RAN4 requirements can be discussed directly by RAN4. 
SRS priority 
In SI phase, RAN1 discussed the need of new priority rules of handling the possible collision of the transmission of SRS for positioning with other UL signals/channels in the same OFDM symbol(s) in the same UL carrier, but without concrete conclusion. The understanding seemed to be that this topic could be directly discussed in the WI.
Proposal 8: RAN1 should study and work on new priority rules of transmitting SRS for positioning with other UL signals/channels, in order to reduce positioning latency for UL and DL+UL positioning methods.
Beamforming aspects
DL positioning
In DL positioning, the measurement process is carried out by means of measurements at the UE side which are reported to the network for location calculation. In case measurements across different frequencies are needed, the measurements are executed following configuration from the gNB on so-called IF MG. In addition, as beamforming has to be used at higher carriers, if the existing specifications are applied to FR2 and beyond 52.6 GHz, the UEs would need to switch multiple panels/beams to measure PRS from all directions via beam sweeping for each carrier. This would cause a problem when low-latency positioning is needed, since the RX beam switching operation alone introduces further processing delays. Furthermore, since the PRS are also beamed on transmission, it becomes extremely impractical for the LMF to ask for a measurements of hundreds of beamed PRS and for the UE to performe the measurements at each request, without a prior evaluation of whether the measurement is useful. 
Proposal 9: RAN1 should study mechanisms for controlling and/or assessing the way the UE performs positioning measurements, e.g. how flexible the beamed IF measurement is, and how long each measurement gap needs to be. 
In particular, depending on the RX beamforming capabilities, the UE may take a variable amount of time to perform beam sweeping, and this may differ from one carrier frequency to the other. The network should be at least aware of this variability when deciding the TRP list for the respective UE. In addition, the UE could be given the choice to decide whether to measure all/some/none beamed PRS from the TRP list. 
Proposal 10: RAN 1 should study solutions which can accommodate a reduced positioning session, in the sense that they allow for a reduced measurement report from UE, based on the RX beam information of the UE.
UL positioning
In UL positioning, UEs need to be configured by the serving gNB to transmit SRS signals according to a UE-specific time-frequency allocation. For densely populated cells, i.e. many UE requiring UL positioning, this configuration may introduce unacceptable latencies for some UEs, for two main reasons: (a) the UEs need to wait their turn for SRS transmission, and (b) the UEs need to repeat the SRS transmission so that sufficient number of TRPs detect the SRS with high enough confidence. The problem becomes exacerbated at higher carrier frequencies, where each TRP needs to sweep the spatial dimension with all the available receive (RX) beams to make sure it captures UE signals from all directions. This means that the TRP needs to listen in each direction, i.e. with each RX beam, for a sufficiently long amount of time, then switch between beams and repeat until enough SRS measurements have been collected from all UEs, i.e. all UEs have been detected and their positioning measurements have been performed with sufficient accuracy. Depending on the UE density and the TRP RX beam widths, this operation may introduce unacceptable latencies to the positioning session. This type of latency was not evaluated during the SI phase but may be critical in practical deployments. 
Proposal 11: RAN 1 should study mechanisms and/or revise the current SRS transmission/reception procedure to optimize for latency, particularly for higher carrier frequencies and for densely populated cells.
M-sample PRS measurement
RAN4 has replied to the RAN1 LS R1-2106185 in R4-2115366. At high level, RAN4 shares the view that the reduction of the number of DL PRS processing samples is feasible with conditions. RAN4 also noted a concern on accuracy performance. RAN4 states they will study further on the performance and condition. The number of sample M can be 1<=M<4, but a specific number of M is not suggested in the RAN4 LS. 
	
RAN4 agreements in LS R4-2115366
RAN4 is asked to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.
RAN4 has evaluated the feasibility to reduce number of samples (M) and has reached the following conclusions so far:
· It is RAN4 understanding that the reduction of the number of DL PRS processing samples is possible under certain conditions
· In some cases, the reduction of the number of DL PRS processing samples is feasible under assumption of relaxation of the Rel-16 NR positioning accuracy requirements for the existing side conditions (e.g., SINR, PRS configurations, channel models, etc.)
· In some cases, the reduction of the number of DL PRS processing samples is feasible under assumption of keeping Rel-16 NR positioning accuracy requirements and for the case of using different side conditions (e.g., SINR, PRS configurations, channel models, etc.)
· For Rel-17, low latency NR Positioning requirements definition the goal is to meet the existing Rel-16 NR positioning accuracy requirements
· FFS whether to consider limited relaxations of requirements for specific scenarios




Basically, a key question is if compromising accuracy performance for latency reduction is acceptable, or if keeping the same accuracy while compromising on the side conditions is acceptable. From the network point of view, it is unlikely that LMF implementation considers various M numbers depending on the channel conditions between a neighbor cell and a service UE. A unified implementation of a localization algorithm for low latency is easier as well as unified UE measurement behavior on multiple neigbhor cells. For example, if a UE is configured to measure PRS from 8 cells, a UE measurement period is defined as one measurement cycle, it would be hard to consider different measurement period for cells with good or poor channels or SNR. Therefore, though M can be concluded as any number between 1<=M<4 through further RAN4 study, the most important usecase will be supporting M=1 which causes the shortest measurement latency. 
Observation 5: Supporting a single sample measurement (M=1) is important for latency reduction
The measurement accuracy is determined by SNR, PRS configuration, PRS bandwidth and channel models. RAN4 defines M=4 as minimum requirements, that tagets at scenarios with the worst channel conditions such that SNR= -13dB, small bandwidth (RB size = 24). RAN1 needs to seek further information about the accuracy impacts on reasonable channel condition assumption and ranges (i.e. SNR >> -13dB, bandwidth (RB size >> 24) to confirm the feasibility of a single sample measurement for low latency. Although we agree that the measurement accuracy is important, the requirement does not need to be strictly fixed due to the worst case assumption.
Proposal 12: It is beneficial from RAN1 perspective to support M=1 sample measurements. RAN1 asks RAN4 to confirm the feasibility of the single DL PRS processing sample under assumption of relaxation of the Rel-16 NR positioning accuracy requirements.
UE processing capability {N,T}
In Rel-16, UE processing capability and PRS resource configuration are set without any restrictions on their relation. Any UE processing capability {N,T} from durationOfPRS-Processing field can be selected by UE up to its implementation, Also, PRS configuration is generally made in a cell-specific manner by LMF. Consequently, one potential issue is the misalginement between UE measurement processing and PRS resource allocation which can happen as shown in Figure 2. Figure 2-(a) shows a normal case in which UE measurement processing and PRS resource allocation are aligned. A UE completes a measurement within Tms and starts another measurement in every Pms. On the contrary when UE’s PRS processing time is longer than P ms, all of allocated PRS resources are not measured due to measurement processing delay, that leads to significant latency as shown in Figure-1 (b). 
	durationOfPRS-Processing
Indicates the duration N of DL-PRS symbols in units of ms a UE can process every T ms assuming maximum DL-PRS bandwidth provided in supportedBandwidthPRS and comprises the following subfields:
-     durationOfPRS-ProcessingSymbols: This field specifies the values for N. Enumerated values indicate 0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50 ms.
-     durationOfPRS-ProcessingSymbolsInEveryTms: This field specifies the values for T. Enumerated values indicate 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280 ms.





(a) Normal case of UE measurement capability Tms and measured PRS allocation in P ms


(b) Problematic case that UE cannot not measure all of allocated PRS resources in P ms
Figure 2 : Time alignment between UE measurement capability Tms and measured PRS allocation in P ms
Observation 6: Rel-16 assumes that UE processing capability and PRS resource configuration are set without dependency. misalignment between PRS resource allocation and UE processing capability may happen causing additional latency.
Proposal 13: In order to avoid measurement latency, UE processing capability should fit in the PRS resource allocation. We propose at least to add a condition of measurement, that is 
   -  T ms < P ms where T ms is a UE processing time and P ms is PRS resource time window that network expects UE measurements.
Conclusion
We made the following observations and proposals in this paper: 
Observation 1: For latency reduction, it is beneficial that the serving gNB can know when the UE will report positioning measurements.
Proposal 1: UE could request the expected measurement report resource from the serving gNB via RRC signaling to minimize the positioning measurement report delay.
Observation 2: The latency gains of using an LMF MG request are unclear. 
Proposal 2: Do not support option 1 or option 2 for MG request mechanisms.  
Observation 3: It should be clarified if the MG activation and deactivation mechanism applies to only positioning or more generally. 
Proposal 3: Option 1 of DCI based MG activation/deactivation is not supported. 
Proposal 4: Option 3 of UE autonomously applying the MG is not supported. 
Observation 4: RAN1 should specify DL PRS priority rules over other DL signals/channels when a UE is measuring the PRS outside a MG. 
Proposal 5: Confirm the prior working assumption on MG-less PRS reception. 
Proposal 6: Specify a fallback method for the UE to switch from MG-less to MG-based if the UE drops enough PRS. 
Proposal 7: A UE should be able to measure the PRS both outside and inside of a MG where applicable. Note: Any changes to RAN4 requirements can be discussed directly by RAN4. 
Proposal 8: RAN1 should study and work on new priority rules of transmitting SRS for positioning with other UL signals/channels, in order to reduce positioning latency for UL and DL+UL positioning methods.
Proposal 9: RAN1 should study mechanisms for controlling and/or assessing the way the UE performs positioning measurements, e.g. how flexible the beamed IF measurement is, and how long each measurement gap needs to be. 
Proposal 10: RAN 1 should study solutions which can accommodate a reduced positioning session, in the sense that they allow for a reduced measurement report from UE, based on the RX beam information of the UE.
Proposal 11: RAN 1 should study mechanisms and/or revise the current SRS transmission/reception procedure to optimize for latency, particularly for higher carrier frequencies and for densely populated cells.
Observation 5: Supporting a single sample measurement (M=1) is important for latency reduction
Proposal 12: It is beneficial from RAN1 perspective to support M=1 sample measurements. RAN1 asks RAN4 to confirm the feasibility of the single DL PRS processing sample under assumption of relaxation of the Rel-16 NR positioning accuracy requirements.
Observation 6: Rel-16 assumes that UE processing capability and PRS resource configuration are set without dependency. misalignment between PRS resource allocation and UE processing capability may happen causing additional latency.
Proposal 13: In order to avoid measurement latency, UE processing capability should fit in the PRS resource allocation. We propose at least to add a condition of measurement, that is 
   -  T ms < P ms where T ms is a UE processing time and P ms is PRS resource time window that network expects UE measurements.
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