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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 related enhancement
At RAN1#105 the following agreements were reached:
Agreement:
RAN1 to further study at least the following aspects for MG enhancement with regards to MG requesting and configuration/activation/triggering for the purpose of latency reduction for positioning:
· Preconfiguration of multiple MGs 
· Triggering/activation of MG(s) with lower layer signalings (DCI or DL MAC CE)
· Request of MG(s) with lower layer signaling by the UE to the gNB 
· Request/determination of MG(s) by LMF indication to the gNB/UE
· Note: The combination of the above items is possible.
Agreement:
· Further study the following options (with the same numerology) to support PRS measurement without MGs for latency reduction in Rel-17
· Option 1: The PRS is from the serving cell and UE measurement is inside the active DL BWP 
· Option 2: The PRS can be from the serving cell and non-serving cell, and UE measurement is inside the active DL BWP 
· Option 3: The PRS (from the serving cell or non-serving cell) used for UE measurement may extend outside or be completely outside the active DL BWP (including with potentially a different numerology) 
· Note: RAN1 strives not to increase the PRS measurement time compared with Rel-16 MG-based measurement
· The following aspects are FFS
· PRS processing prioritization window
· Mechanism to trigger UE DL PRS measurements and report 
· UE/gNB assumptions on processing of DL PRS and other DL physical channels / signals
· UE DL PRS processing capabilities
· Note: Companies are encouraged to compare the latency benefits of introducing MG-less PRS measurements over MG-based PRS measurements
· Note: Depending on the comparison of latency benefits (and other considerations such as complexity) between introducing MG-less PRS measurements and MG-based PRS measurements, none/one/multiple of the above options should be adopted in Rel-17.
On the first agreement the option of pre-configuring multiple MGs seems clearly outside the scope of RAN1 and it is unclear how this would reduce the latency unless we assume that an incorrect MG was configure in the first place. 
Observation 2: Discusson of pre-configuring multiple MGs is not in RAN1 scope. 
Triggering or activating MGs using low-layer signaling seems to be a quite general topic. In addition, DCI and DL MAC CE both originate at the gNB and in LPP the gNB is currently transparent. So this seems to raise the question of how this is useful for positioning. 
Observation 3: Using low-layer signalling to trigger or active MGs seems unclear from RAN1 positioning latency point of view.
Request or determination of MG(s) by LMF indication to UE/gNB is also a bit unclear to us. LMF should not have full control over MG so determination should not be done by LMF. Requesting a specific MG could be done by LMF but if the LMF first signals this to the UE then there would be no latency savings. Request of MG by LMF to the gNB is the only option that seems to potential reduce the latency and even then we are unsure how much the savings would be. 
Proposal 2: Determination of MG(s) by LMF is not supported. 
Proposal 3: Request of MG(s) by the LMF to the UE is not supported. 
Obsveration 4: The exact amount of latency savings of MG(s) request by LMF to the gNB is unclear. 
Requesting MG(s) using RRC is quite latency intensive for a UE performing positioning so it is worth investigating alternative methods for this step. However, care should be taken that this may impact features outside of positioning. 
Proposal 4: RAN1 to focus the study of the prior agreement to requesting MG(s) with lower layer signaling by the UE to the gNB.
The measurement gap (MG) is used by the UE to switch carrier frequency, perform positioning measurement on the new carrier and come back to the serving cell carrier. If the UE concludes, upon reception of positioning assistance data, that inter frequency (IF) measurements are required, but that MG is not configured or is inappropriate (e.g. insufficient resource or unsuitable periodicity for low latency positioning), then the UE may request one or more MG reconfigurations, each coming at the cost of increased latency. 
Observation 5: The latency associated with requesting MG may become untolerable, and in addition may also compromise the performance requirement of the positioning session, since the measurements collected across layers may correspond to more than one UE position. 
On the other hand, it may be inefficient if an MG with ample resources and short periodicity is configured to accommodate sporadic positioning request from the LMF. In particular, the UE may have to stop all transmission and reception other than measurement during MG, because a UE may need to switch RX RF setting to neighbor cell condition (i.e. numerology, BWP or frequency band etc). Especially if the UE has to transmit/receive URLLC data, as the over-reserved MGs could halt data communications quite frequently. MG-less measurement is possible under the current spec in very limited cases of intra-band, intra-frequency and same numerology cases. Additionally, RAN2 has some discussions for measurement gap enhancement, in R2-2009023: “Measurement gaps (MG) optimizations (can reduce the latency caused by measurement gap request procedure)”. Since the latency of requesting MG is high, 3GPP should study methods for MG configuration that can fulfil the latency requirement, while not jeopardizing resource efficiency.
From the prior agreement on studying so called MG-less PRS reception we see option 3 as not feasible as the method a UE would use to perform this type of measurement is not clear. In addition, it seems to complicate the specification work considerable to support option 3. Option 1 and option 2 however seem to have strong benefit and if the UE doesn’t need to switch the BWP then latency savings can be had. 
Proposal 5: Support option 2 from the prior agreement: the PRS can be received from the serving cell and non-serving cell, and UE measurement is inside the active DL BWP. 
Details of how to specify measuring PRS from serving and non-serving cell in MG-less mode can be further studied between RAN1 and RAN4. If MG-less PRS measurement is agreed in Rel-17 then there should be some RAN1 discussion on PRS priority and UE behaviour when MG-less leads to PRS dropping.
Observation 6: If MG-less reception is agreed there may be need to specify UE behavior if MG-less leads to a UE dropping the PRS. 
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 6: 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 7: 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 8: 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 9: 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
At RAN1#105 the following agreement was reached: 
Agreement:
M-sample (1<=M<4) PRS processing corresponding to measurements performed within M instances of the DL PRS resource set on a PRS resource, subject to UE capability, is beneficial from a RAN1 perspective for latency reduction.
· One sample corresponds to one instance
· Send an LS to RAN4 informing that
· M-sample (1<=M<4) measurements corresponding to measurements performed within M (1<=M<4) instances of the DL PRS resource set on a PRS resource are beneficial for reduction of measurement latency from RAN1 point of view.
· RAN4 is requested 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.
· RAN1 to further study at least the following aspects for allowing M-sample (1<=M<4) PRS processing
· Details of UE capability
· Signaling details, e.g., to indicate whether measurement is based on one or more samples
· Whether the PRS sample processing time is defined and the relation with (N, T).
· Note: This may have RAN4 dependency
RAN1 should wait for RAN4 input before further progressing on the topic of M-sample measurement and discussion on UE capability related topics can also wait for more progress. 
One option question from RAN1#105 is if PRS repetitions fall within one sample or multiple samples from RAN4 point of view. 
Proposal 10: RAN1 to discuss and gain common understanding on if PRS repetitions correspond to one sample or multiple samples. RAN4 involvement may also be necessary. 
Proposal 11: Wait for RAN4 input before further agreements on M-sample PRS processing. 
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: Discusson of pre-configuring multiple MGs is not in RAN1 scope. 
Observation 3: Using low-layer signalling to trigger or active MGs seems unclear from RAN1 positioning latency point of view.
Proposal 2: Determination of MG(s) by LMF is not supported. 
Proposal 3: Request of MG(s) by the LMF to the UE is not supported. 
Obsveration 4: The exact amount of latency savings of MG(s) request by LMF to the gNB is unclear. 
Proposal 4: RAN1 to focus the study of the prior agreement to requesting MG(s) with lower layer signaling by the UE to the gNB.
Observation 5: The latency associated with requesting MG may become untolerable, and in addition may also compromise the performance requirement of the positioning session, since the measurements collected across layers may correspond to more than one UE position. 
Proposal 5: Support option 2 from the prior agreement: the PRS can be received from the serving cell and non-serving cell, and UE measurement is inside the active DL BWP. 
Observation 6: If MG-less reception is agreed there may be need to specify UE behavior if MG-less leads to a UE dropping the PRS. 
Proposal 6: 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 7: 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 8: 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 9: 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.
Proposal 10: RAN1 to discuss and gain common understanding on if PRS repetitions correspond to one sample or multiple samples. RAN4 involvement may also be necessary. 
Proposal 11: Wait for RAN4 input before further agreements on M-sample PRS processing. 
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