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[bookmark: _Hlk53665621]In the RAN#91e meeting, the work item on NR Positioning Enhancements RP-210903[1] was approved. From the latency reduction perspective, the WI includes the following objective:
	· 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]


In RAN1#103e meeting, the requirements of Rel-17 positioning were agreed as follows, where the physical layer latency requirement is <10ms.
	Agreement:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for 90% of UEs
· Vertical position accuracy (< 3 m) for 90% of UEs
· End-to-end latency for position estimation of UE (< 100 ms)
· Physical layer latency for position estimation of UE (< 10 ms)
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< 0.2 m) for 90% of UEs 
· Vertical position accuracy (< 1 m) for 90% of UEs 
· End-to-end latency for position estimation of UE (< 100ms, in the order of 10 ms is desired)
· Physical layer latency for position estimation of UE (<10ms)
· Note 1: Target positioning requirements may not necessarily be reached for all scenarios and deployments
· Note 2: For some scenarios the requirement for Horizontal position accuracy can be relaxed to < 0.5 m in IIoT use cases.
· Note 3: All positioning techniques may not achieve the target positioning requirements over all scenarios


And the definition of physical layer latency start- and end- time was agreed 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
	· 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

	Successful decoding of the PUSCH at gNB carrying the LPP Provide Location Information message if applicable, otherwise Calculation of Location Estimate at the UE
 


In this contribution, we present our views on latency reduction from RAN1 perspective.
Scheduled location time
Based on the reply from SA2 on Scheduling Location in Advance to reduce Latency (in S2-2105122 [2]).
Firstly, Scheduling Location Time is defined as a future UTC time, and it can be seen as the location estimate returned to an LCS Client at the scheduled location time. In truth, this is more like an unrealistic concept since it is difficult to match the location result with a certain time considering multi-TRP measurement across multiple occasions and each occasion measurement also carries a different timestamp.
	Answer 1: SA2 agrees the definition of Scheduled Location Time is a future global time (e.g. UTC) at which a UE is to be located. It is used by an LMF to determine the time to trigger positioning procedures, as defined in clause 6.11, TS 23.273. A location estimate returned to an LCS Client for a scheduled location time can be treated by the LCS Client as an estimate of the location of the UE at the scheduled location time.


Secondly, according to question 2, it is easily to find whether Scheduled Location Time could help the reduction of the LCS latency and how to use it is unclear for SA2. For us, based on the CR to TS 23.273, the stated benefit of the scheduled location time as the latency only commences at the scheduled location time and can exclude time spent prior to this for sending the location request and scheduling the location measurements. This doesn’t solve the problem of delay, but puts the pressure of the delay on the requesting device. It needs the requesting device (such as LCS Client, AF or the UE) to know the future location request in advance. For example, the requesting device should predict a positioning requirement of time T at time T-t1, then the scheduled location time may benefit for latency. So, the use case is unclear for us and the benefit is doubtful.
	2.  	In section 6.1.2, there is the following editor’s note:
		"Editor's note: Feedback from RAN is needed to verify whether location measurements can be scheduled 		to occur at a UE or NG-RAN at a specific scheduled location time."
	Please clarify the requirement whether measurements in UE/NG-RAN need to be scheduled at the scheduled location time received from 5GC or at a time before the scheduled location time received from 5GC.
Answer 2: Some companies in SA2 think the Scheduled Location Time should not be sent to NG-RAN and UE. Other companies believe RAN WGs should decide whether it may be useful to send the Scheduled Location Time to NG-RAN and the UE in order to trigger measurements at or close to the scheduled location time.
[bookmark: _Hlk78276154]Question A: in order to get a clear view from RAN WG, SA2 sincerely ask RAN2 to investigate whether Scheduled Location Time could help the reduction of the LCS latency. 



Thirdly, the scenario is limited, SA2 admits it is only to be used in “some scenarios” based on the following description of S2-2102047 [3]. In addition, based on Answer 4 and 5, SA2 admits that the “scheduled location time” is applied to the first location report only, and whether it applies to triggered event type is still under discussion in SA2.
	Reason for change:
	In some scenarios, a UE, LCS Client or AF that is requesting the location of a target UE may know a time at which the location should be obtained. 
< Unchanged parts are omitted >    



	4.	For a Deferred 5GC-MT-LR for periodic location events, RAN2's understanding is that a scheduled location time may apply for the first periodic location report only. For each succeeding periodic location report, the 
	"scheduled location time" is equivalent to the periodic reporting interval. Please confirm whether RAN2's understanding is correct, or whether different location times T can apply for succeeding periodic location reports. 
Answer 4: The “scheduled location time” is applied to the first location report only. The periodic reporting interval is controlled by the existing parameter of “the time interval between successive location reports”. This implicitly means that for succeeding periodic location report, the UE would be located at the time determined based on the formula T + N*P, where T = scheduled location time, N = Report Number after the initial report and P = periodic interval.
5.	Clause 4.1c says "A scheduled location time can be used with a 5GC-MT-LR, 5GC-MO-LR or deferred 5GC-MT-LR for periodic or triggered location events."
	RAN2 would like to understand how a scheduled location time can be applicable to triggered location events given its sporadic nature.
Answer 5: The scheduled location time applies to periodic location event report. Whether it applies to triggered event type is still under discussion in SA2.



Lastly, in our view, the physical layer latency cannot be controlled or predicted by requesting devices (such as LCS Client, AF or the UE) anyway, and the physical layer latency should be reduced by RAN1 methods. 
So, the discussion of schedule location time can be postponed in RAN1 and the physical layer latency reduction should be independent of scheduled location time. And the method with scheduled location time can be considered as a further optimization method to be discussed in Rel-17 if scheduled location time is supported.
Observation 1: [bookmark: _Hlk71550482][bookmark: _Hlk71210464]
· The benefit of Scheduling Location Time for latency reduction is unclear for SA2.
· Scheduling Location Time is more like an unrealistic concept if it is defined as a future UTC time at which a UE is to be located since it is difficult to match the location result with a certain time considering multi-TRP measurement across multiple occasions and each occasion measurement also carries a different timestamp.
· The application scenario of the scheduled location time is limited and the “scheduled location time” is applied to the first location report only, and whether it applies to triggered event type is still under discussion in SA2.
Proposal 1: 
· Physical layer latency reduction should be independent of scheduled location time.
· The method with scheduled location time can be considered as a further optimization to be discussed in Rel-17 if scheduled location time is supported.
DL physical layer latency
The DL physical layer latency includes the following components as shown in Figure 1 based on the definition of physical layer latency start- and end- time and the evaluation result of high layer latency [5] which removes the yellow part (that is high layer latency).



[bookmark: _Ref66732878]Figure 1 the components of physical layer latency
[bookmark: _Ref66732898]Table 1 The physical layer latency of the DL method
	Step 4 LPP Request Location Information
	23-39.5

Physical layer part latency is 
13-13.5
	Processing delays: 19 ms
-	UE: 
-	TUEProc-RRCDLInfo 
-	TUEProc-LPPLocationRe
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc 3ms
-	LMF: TLMFProc  3ms
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB 0-0.5ms
-	gNB-AMF: TgNB-AMF 3-10ms
-	AMF-LMF: TAMF-LMF 1-10ms

	Step 5 RRC Location Measurement Indication
	5-8.5
	Processing delays: 5-8 ms
-	UE: TUEProc-RRCLocationMeas
-	gNB: TgNBProc-RRC
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB

	Step 6 RRC Measurement Gap configuration
	13-13.5
	Processing delays: 13 ms
-	UE: TUEProc-RRCReconf
-	gNB: TgNBProc-RRC
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB

	Step 7 DL PRS measurement
	88.5
	TDL-Meas

	Step 8 LPP Provide Location Information
	20-39.5
Physical layer part latency is
10-13.5
	Processing delays: 16-19 ms
-	UE: 
-	TUEProc-RRCULInfo
-	TUEProc-LPPLocationRe
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc 3ms
-	LMF: TLMFProc  3ms
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF  3-10ms
-	AMF-LMF: TAMF-LMF  1-10ms

	Total physical layer latency
	129.5-137.5
	


It is easily found that there is a big gap between the requirement(<10ms) and evaluation result(>100ms). And the physical layer latency can be divided into three parts:
Part one: step 4 and step 8, reporting and request latency of the measurement (23-27ms)
Part two: step 5 and step 6, MG config-related latency(18-22ms)
Part three: step 7 DL PRS measurement time (88.5ms)
Among them, the DL PRS measurement time is the majority part, and analysis as follows
	· DL PRS alignment time/MG alignment time ~20ms (depending on MG/ PRS periodicity 20ms – worst case is assumed)
· DL PRS transmission time
· Included in RAN4 analysis for measurement period requirements
· DL PRS measurements (measurement period requirements)
· ~68,5 ms (CSSF = 1, NRxBeam, i=1, Nsample = 4, DL PRS Periodicity - 20ms)

 =  +   = 8ms +0.5ms ,( (N, T) = (0.5ms, 8ms))
 = 
 = 68.5ms
· In total overall latency for DL PRS measurement time is 68.5+20=88.5ms


There are some components that impact DL PRS measurement time
·  Nsample
· =LCM()
·  
· 
· DL PRS alignment time/MG alignment time 
Among them, the DL PRS measurement time will reduce to 28.5ms () if Nsample=1. And in the RAN1 105-e Meeting[6], RAN1 have acknowledged the benefit by reducing the Nsample value and send LS to ask RAN4 whether Nsample=1 is feasible for DL PRS measurement. In this contribution, we assume Nsample can be equal to 1. In addition, in the SI phase, the following agreements have been reached on reducing the NR positioning latency. We will discuss the optimizations in the following subsection.
	The following 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 measurement (e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules)
· Latency reduction related to measurements
· Latency reduction related to the reporting and request of positioning assistance data (e.g., via location scheduling in advance of the time of when the location is needed) [RAN2]
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)
· Latency reduction related to the reporting of the measurements (e.g., CG-based transmission) [RAN2]
· Latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network) [RAN2].
No assumptions are made on whether the LCS architecture specified in TS 23.273 is enhanced or not.


[bookmark: _Hlk71190246]Latency reduction related to the measurement gap
The MG causes many limitations and long latency for the positioning based on the previous analysis. There are some restrictions of the MG implementation for positioning.
· The long latency of MG request and configuration 
· The limitation MG patterns
· The mismatching of MG and PRS configuration
· Data interruption.
In the RAN1 105-e meeting, PRS measurement without MG and PRS measurement with MG enhancement seem to be debating with each other as mutually exclusive solutions. But in the initial phase of Rel-16, those are coexisted in an agreement as below, two methods including PRS measurement without MG and PRS measurement with MG have reached a consensus together. So it is not a mutually exclusive method, we prefer to maximize the advantages of the two methods.
	Agreement:
For intra-frequency measurements:
· 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.
· Select from one of the following options for the measurement bandwidth
· Option 1: The UE measurement is within the DL BWP configuration
· Option 2: The UE can measure outside the DL BWP configuration
· FFS: Scenarios when measurements gaps would need to be configured. 
· When not configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP and with the same numerology as the active DL BWP.


Therefore, in our view, two methods can be supported together in Rel-17 for maximizing the advantages of the two methods.
Observation 2: 
· PRS measurement without MG and PRS measurement with MG enhancement are not mutually exclusive methods since we have reached an agreement to support the PRS measurement without MG and PRS measurement with MG together in Rel-16.
Proposal 2: 
· PRS measurement without MG and PRS measurement with MG enhancement can be supported together in Rel-17 for maximizing the advantages of the two methods.
PRS measurement without MG
	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
· [bookmark: OLE_LINK1]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.



Option 1 & Option 2
As mentioned in the previous section, PRS measurement without MG has been agreed in Rel-16. But for UE requirement and capability definition, only PRS measurement within MG is captured in Rel-16. In the RAN1 105-e meeting, the above agreement has been reached. In the subsection, we further evaluate the benefits of the above options in the agreement and identify the impact of the specification. 
Firstly, we compared the physical layer latency benefits between the above options and MG-based enhancement 
[bookmark: _Ref78448807]Table 2 The physical layer latency of Rel-16 DL measurement and with or without MG R17 enhancement
	Step
	Rel-16 measurement
	Option 1 /2
	MG-based enhancement

	Step 4 LPP Request Location Information
	13-13.5

	13-13.5

	13-13.5


	Step 5 RRC Location Measurement Indication
	5-8.5

	0
	5-8.5
3ms if Request of MG(s) with lower layer signaling

	Step 6 RRC Measurement Gap configuration
	13-13.5

	0
	13-13.5 without enhancement
0.5ms-3ms if triggering/activation of MG(s) with lower layer signalings (DCI or DL MAC CE)


	Step 7 DL PRS measurement
TDL-Meas
	88.5
	8.5~12.5 ms
(N, T) = (0.5ms, 8ms)
Nsample=1
Periodicity = 4ms
	8.5~12.5 ms
(N, T) = (0.5ms, 8ms)
Nsample=1
PRSPeriodicity = 4ms
MGPeriodicity = 4ms
PRS-specific MG.

	Step 8 LPP Provide Location Information
	10-13.5
	10-13.5
	10-13.5

	Total physical layer latency
	129.5-137.5ms
	31.5-39.5ms
	49.5-61.5ms
35.5-45.5ms



The detailed latency reduction without MG of option 1 and option 2 is shown in Table 2 and with ‘yellow highlight’. It is noted that there is no additional specification impact and enhancement for PRS within active DL BWP (one use case of option 1 and option 2) other than allowing measure PRS without MG. While MG-based enhancement latency also is shown in Table 2, and it is clear the latency exceeds option1 and option 2. Besides, it needs many enhancements for reaching the best case of MG-based method with ‘pink  highlight’, for example:
· 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 
· PRS-specific MG to  match the PRS and the MG 
· Small periodicity for MG 
 As long as one enhancement has not been supported, we cannot guarantee that the MG-based latency reduction will be the best-case latency with ‘pink highlight’. 
Observation 3: 
· PRS measurement within active BWP has better positioning latency performance than the best case of MG-based enhancement.
· There is no additional specification impact and enhancement for PRS measurement within active BWP other than allowing measure PRS without MG when PRS is within active BWP.
Observation 4: 
· To reach the best case latency reduction of MG-based method, the following enhancements needs to be supported：
· 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 
· PRS-specific MG to match the PRS and the MG 
· Small periodicity for MG
In addition, in our view, option 1 and option 2 includes two cases:
Case 1: The PRS is from the serving cell [or and non-serving cell] and inside the active DL BWP, and UE measurement is inside the active DL BWP
Case 2: The PRS is from the serving cell [ or and non-serving cell] and partially inside the active DL BWP, and UE only measure the partial PRS which is inside the active DL BWP
For case 1, there is no additional specification impact and enhancement for PRS within active DL BWP (one use case of option 1 and option 2) other than allowing measurement of  PRS without MG. So at least, PRS measurement without measurement gap when PRS within active DL BWP (case 1) should be specified.
Proposal 3: 
· PRS measurement without MG when PRS is within active DL BWP should be specified.
For case 2, it was supported in Rel-16 as the listed agreement in section 3.1. The main concern of the case is the performance requirement can not be guaranteed if UE measurement is inside the active BWP and LMF has no information about active BWP and UE processing capability inside active BWP. In other words, even though the configured PRS is 100MHz, whether the performance requirement can be reached is uncertain since the measured PRS bandwidth is dependent on the active BWP and the configuration of active BWP is fully unknown to LMF. But we believe this issue can also be solved. For example, if the active BWP bandwidth can satisfy the performance requirement, UE measurement can be inside the active BWP. Otherwise, the UE can request MG(s) or BWP switching. In addition,  reporting the following information can be considered: the UE capability without MG, and active BWP information to LMF for judging whether the UE measurement can be measured within  the active BWP.
Proposal 4: 
· [bookmark: OLE_LINK3]To support the case (case 2) of option 1 and option 2 where PRS partially within active BWP, consider enhancing the reporting information, for example
· UE capability reporting, including without MG capability.
· Active BWP information reporting
Proposal 5: 
· To support the case (case 2)of option 1 and option 2 where PRS partially within active BWP, consider enhancing the UE measurement procedure or signaling, for example,
· if the overlapping bandwidth of active BWP and PRS can satisfy the performance requirement, UE measurement can be inside the active BWP. Otherwise, the UE can request MG(s) or BWP switching.
In addition, given the PRS is a cell-specific signal and the PRS assistance data can be broadcast, we believe, in some cases, not every UE in the cell or every positioning method (especially for angle-based positioning) requires full bandwidth measurement. That is, UE measurement within active BWP is enough for positioning requirement, or angle-based positioning does not require as much bandwidth as time-based positioning. So, for those UE and those methods, supporting option 1 and option 2 is beneficial.
Therefore, we propose:
Proposal 6: 
· Support option 1 and option 2 for latency and complexity reduction.
· 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
For option 3, we think UE performing PRS measurement with BWP switching is just an alternative to using MG, which makes it more flexible and fast to assist PRS measurement for different cases. And the comparison of physical layer latency between Rel-16 DL measurement, option3, and MG-based enhancement is shown in Table 3.
Table 3  The physical layer latency of Rel-16 DL measurement and with or without MG R17 enhancement
	Step
	Rel-16 measurement
	Option 3
	MG-based enhancement

	Step 4 LPP Request Location Information
	13-13.5

	13-13.5

	13-13.5


	Step 5 RRC Location Measurement Indication
	5-8.5

	0
	5-8.5
3ms if Request of MG(s) with lower layer signaling

	Step 6 RRC Measurement Gap configuration
	13-13.5

	0
	13-13.5 without enhancement
0.5ms-3ms if triggering/activation of MG(s) with lower layer signalings (DCI or DL MAC CE)


	Step 7 DL PRS measurement
TDL-Meas
	88.5
	9~17 ms
(N, T) = (0.5ms, 8ms)
Nsample=1
Periodicity = 4ms
BWP switch by PDCCH
	8.5~12.5 ms
(N, T) = (0.5ms, 8ms)
Nsample=1
PRSPeriodicity = 4ms
MGPeriodicity = 4ms
PRS-specific MG.

	Step 8 LPP Provide Location Information
	10-13.5
	10-13.5
	10-13.5

	Total physical layer latency
	129.5-137.5ms
	32-44ms
	49.5-61.5ms
35.5-45.5ms



In addition, we have elaborated the benefits of using BWP in [8] and summarize the following observation in brief.
Observation 5: 
· Using BWP switching to measure DL PRS has the following benefits compared withMG.
· 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
Therefore, we propose:
Proposal 7: 
· Further study the signaling and procedure for supporting option 3 as an alternative to using MG.
· 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) 

PRS processing prioritization window
For the PRS processing prioritization window in the first FFS, this is a bit of a fuss if it is only used in setting prioritization. There are many ways to indicate the prioritization, for example, the same as SRS, defining the prioritization rule in the specification or following the prioritization indication. 
[bookmark: OLE_LINK2]In our view, the critical reason for introducing window is for PRS measurement and latency reduction, the same mechanism as SMTC introduced for SSB-based RRM can be considered. For example, UE can be provided the measurement window configuration in the assistance data, and UE is only expected to receive PRS within the window. But the Rel-16 PRS configuration is decentralized, the PRS can be in any slot of periodicity, and then the window length will be equal to the periodicity. In this case, the benefit of introducing the PRS measurement window is limited. 
It’s exciting that R17 plans to introduce on-demand PRS, which is initiated by UE or LMF and can be seen as a centralized positioning requirement and configuration. PRS measurement is in a window is logical and beneficial for latency and reporting if on-demand PRS is configured/requested in the window.
Therefore, we propose:
Proposal 8: 
· Supporting PRS measurement or processing prioritization window for centralized on-demand PRS.
· centralized on-demand PRS: on-demand PRS is configured/requested within the PRS measurement or processing prioritization window
PRS measurement with MG-based enhancement
	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.




In RAN4,“ NR and MR-DC measurement gap enhancements” are being discussed. It involves pre-configured MG (fast MG configuration), multiple concurrent/ independent MG and Network controlled small gap which are enhanced for optimizing the efficiency of RRM functionalities. 
The best-case latency for MG-based enhancement is shown in Table 2 in section 3.1.1. In the following section, we mainly discuss the detailed enhancement for reaching the best case.
Pre-configured MG for positioning 
Since the pre-configured MG is helpful for the efficiency of the RRM functionalities, we consider reusing pre-configured MG in positioning to reduce latency. In our view, pre-configured MG is a prerequisite of MG-based enhancement. In addition, we noticed that RAN4 also discussed whether to apply pre-MG to positioning measurement, however, due to lack of sufficient knowledge of Rel-17 positioning, they have not yet reached a positive conclusion on this issue (just showing below). Therefore, we suggest sending an LS to RAN4 to inform them if RAN1 can reach an agreement that ‘pre-configured MG can be used for PRS measurement’.
	R4-2108034 [9] WF on R17 NR MG enhancements – Pre-configured MG
· FFS on Whether is the pre-configured MG needed for PRS measurement:
· Option 1. Yes
· Option 2. No
· Option 3. Pre-configured MG falls back to the legacy MG


So, we propose
Proposal 9: 
· Pre-configured MG for positioning should be supported for NR positioning.
· Send an LS to RAN4 for informing this information
Table 4 The frequency parameters of PFL, serving cell and BWP
	
	The PFL of PRS 
	Serving cell
	Active BWP for a cell

	The Max Number
	nrMaxFreqLayers(4)
	maxNrofSCells(32)

	1

	SCS
	dl-PRS-SubcarrierSpacing
	SCS-SpecificCarrier

	subcarrierSpacing

	CP
	dl-PRS-CyclicPrefix
	
	cyclicPrefix

	Point A
	dl-PRS-PointA
	1.OffsetToPointA for Pcell
2.absoluteFrequencyPointA

	offsetToCarrier

	starting PRB
	dl-PRS-StartPRB
	1.FreqBandIndicatorNR
2. SCS-SpecificCarrier

	locationAndBandwidth

	Bandwidth
	dl-PRS-ResourceBandwidth
	
	

	Comb
	dl-PRS-CombSizeN
	
	

	
	
	sCellDeactivationTimer 
	


And combing the above comparison of corresponding frequency parameters of PFL, serving cell and BWP are shown in Table 4, the two optionally pre-configured MG schemes are listed as following.
Scheme A: 
Step 1: Include up to 4 Frequency layer information(e.g. frequency domain information: PointA, StartPRB, Bandwidth and SubcarrierSpacing; time domain information: gap offset, gap length and gap periodicity ) in MG request information from LMF/UE to gNB before LPP Request Location Information;
· FFS: Include MG type in MG request information, MG type: regular MG, pre-configured MG.
Step 2: Transmitted the common configuration parameters of pre-configured MG(e.g MGRP, MGL, etc) to LMF/UE from gNB
· FFS: Initial status of pre-configured MG: activated, deactivated. 
· FFS: whether the MG or activated status of MG is associated with the serving cell index and/or BWP index
Step 3: Activation pre-configured MG when PRS measurement within pre-configured MG is needed.
· detailed in subsection 3.1.2.2

Scheme B:
Step 1: Exchange up to 32*4 BWP information(eg. OffsetToPointA, absoluteFrequencyPointA, offsetToCarrier, locationAndBandwidth) from gNB and LMF/UE before LPP Request Location Information ;
Step 2: Transmitted the common configuration parameters of pre-configured MG(e.g MGRP, MGL, etc) for those BWP to gNB from LMF/UE
· FFS: Initial status of pre-configured MG: activated, deactivated. 
· FFS: whether the MG or activated status of MG is associated with the serving cell index and/or BWP index.
Step 3: Activation pre-configured MG when PRS measurement within pre-configured MG is needed.
For us, scheme A is preferred, since the max number Frequency layer is four, PRS is a cell-specific signal which is deterministic information for all the UE in the area and only gNB has other MG (MG for RRM) information. However, for scheme B, the BWP configuration information is huge and relatively dynamic. For example, in addition to transmitting the BWP configuration information to the LMF, it is also necessary to further provide information on BWP switching or scell activation/deactivation. In summary, the pre-configured MG can be configured in advance based on the Frequency layer information (Scheme A).  
Therefore, we propose:
Proposal 10: 
· The common parameter of pre-configured MG for positioning is configured and transmitted to LMF/UE in advance, based on the Frequency layer information included in the MG request from LMF/UE, such as:
·  Frequency domain information: PointA, StartPRB, Bandwidth and SubcarrierSpacing of frequency layer; 
· Time domain information: gap offset, gap length and gap periodicity for the Frequency layer.
· FFS: Include MG type in MG request, MG type: regular MG, pre-configured MG.
Proposal 11: 
· Further study the specific parameter of pre-configured MG for positioning, such as:
· Initial status of pre-configured MG: activated, deactivated. 
· Whether the MG or activated status of MG is associated with the serving cell index and/or BWP index.
Pre-configured MG activation/deactivation for positioning 
After the discussion of pre-configured MG, how the pre-configured MG for PRS is to be activated or deactivated is another essential issue for MG-based enhancement latency reduction. Let’s take DCI-triggered MG as an example, the corresponding latency reduction is as follows.
· Low layer order of Pre-configuration MG activation/deactivation. It can be found triggering PRS measurement and activated MG by one DCI order can reduce 40ms latency as the following table
	 Step 4 LPP Request Location Information
	13-13.5

	0-0.5


	Step 5 RRC Location Measurement Indication
	5-8.5

	3 ms

	Step 6 RRC Measurement Gap configuration
	13-13.5

	0.5ms

	Step 7 DL PRS measurement
	

	



So, we propose
Proposal 12: 
· Pre-configuration MG activation/deactivation for positioning needs to be considered in Rel-17.
In our view, there are 4 options for pre-configured MG activation/deactivation as follows
Option1:LMF transmits a pre-configured MG activation/deactivation request to gNB by NRPPa information, and then gNB activates/deactivates pre-configured MG by lower layer signaling to UE;
Option 2: LMF transmits a pre-configured MG activation/deactivation request to gNB by NRPPa information, and LMF activates/deactivates activate/deactivate pre-configured MG by LPP to UE;
Option 3: UE expects the MG is activated when PRS measurement within pre-configured MG is needed, e.g. when active DL BWP doesn’t satisfy the PRS measurement (bandwidth and/or SCS), and/or LPP Request Location Information is applied
· FFS: Autonomously/implicitly triggering via event at gNB and UE, e.g. triggerred by reception of LPP Request Location Information, triggered by relationship between active BWP and PRS
Option 4: UE requests the MG activation to gNB when PRS measurement within pre-configured MG is needed, e.g. when active DL BWP doesn’t satisfy the PRS measurement (bandwidth and/or SCS), and/or LPP Request Location Information is applied. And then gNB activates/deactivates pre-configured MG by lower layer signaling to UE
For us, Option 4 is preferred. In this case, we can reuse the current signaling/procedure as much as possible. If the MG is not requested, the BWP can be considered enough to satisfy the positioning performance requirements, and no signaling is needed to be transmitted. Otherwise, if the MG is requested by the UE, the pre-configured MG is activated. In summary, the mechanisms of activation/deactivation of MG following option 4 can be scheduled flexibly and fast.
Therefore, we propose:
Proposal 13: 
· To consider the following options for pre-configured MG activation/deactivation 
· Option1: LMF transmits a pre-configured MG activation/deactivation request to gNB by NRPPa information, and then gNB activates/deactivates pre-configured MG by lower layer signaling to UE;
· Option 2: LMF transmits a pre-configured MG activation/deactivation request to gNB by NRPPa information, and LMF activates/deactivates activate/deactivate pre-configured MG by LPP to UE;
· Option 3: UE expects the MG is activated when PRS measurement within pre-configured MG is needed, e.g. when active DL BWP doesn’t satisfy the PRS measurement (bandwidth and/or SCS), and/or LPP Request Location Information is applied;
· FFS: Autonomously/implicitly triggering via event at gNB and UE, e.g. triggerred by reception of LPP Request Location Information, triggered by relationship between active BWP and PRS
· Option 4: UE requests the MG activation to gNB when PRS measurement within pre-configured MG is needed, e.g. when active DL BWP doesn’t satisfy the PRS measurement (bandwidth and/or SCS), and/or LPP Request Location Information is applied. And then gNB activates/deactivates pre-configured MG by lower layer signaling to UE.
[bookmark: _Hlk71551342]In addition, it is worth noting that the activation/ pre-configuration of MG associated with on-demand PRS should be considered. For example, if PRS is off, the pre-configuration MG for positioning should also be off or be switched to non-positioning MG for RRM. 
Therefore, we proposed
Proposal 14:  
· Pre-configuration and/or activation/deactivation of an MG associated with on-demand PRS needs to be considered in Rel-17.
[bookmark: Pro2]Latency reduction related to the request and response of the measurement information
For part one latency reduction on step 4 and step 8(request and response latency of the measurement (23-27ms)), the following identified enhancements need to be considered e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules. In this subsection, we discuss those enhancements and identify the impact of specification.
Lower layer triggered request and response of the measurement information
In the SI phase, it is observed the latency of step 4 and step 8 is 23-27ms. The low layer triggered requesting of measurement is beneficial for latency reduction since RRC process time and LPP process time can be removed on the UE side. That is, the current LPP request location information can be separated into a UE associated NRPPa information and low layer signaling, the latency of step 4 can be reduced by 10ms. The procedure and the latency reduction are provided in Figure 2 and Table5. The minimum physical latency of those steps can be reduced to 0-0.5ms if the physical layer triggering is applied.



Figure 2 The procedure of low layer triggered requesting of measurement
It is worth noting that the current LPP request/ response location information is transparent for gNB. So the processing delays include
-	TUEProc-RRCDLInfo              5ms
-	TUEProc-LPPLocationRe        5ms
-	gNB: TgNBProc-NAS/LPP  3ms
If the request/response location information is a UE associated NRPPa message, and then gNB transmit the request/ response location information to UE by DCI, the processing delays will be
-	TUEProc-DCI                          0-0.5ms
-	gNB: TgNBProc-NRPPa     3ms
Meanwhile, if the requesting of location information can be transmitted by UE associated NRPPa information, the potential requesting of MG can be transmitted to gNB, then the Step 5 RRC Location Measurement Indication can be merged into Step 4 and the latency of step 5 can be reduced to zero.
The contrast of latency between the Rel-16 positioning technique and NR enhancement with low layer triggering positioning requesting/ positioning reporting are listed in Table 5.
[bookmark: _Ref71205752][bookmark: _Hlk71207020]Table 5 The latency of Rel-16 DL measurement and NR enhancement with low layer triggering

	Step
	Delay and Description of Rel-16 Latency Component [ms]
	Low layer triggered requesting of Location information & Measurement gap

	Step 4 LPP Request Location Information
	23-39.5ms
Processing delays: 19 ms
-	UE: 
-	TUEProc-RRCDLInfo       5ms
-	TUEProc-LPPLocationRe  5ms
-	gNB: TgNBProc-NAS/LPP 3ms
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF
	13-29.5ms
Processing delays: 9 ms
-               UE: 
-	TUEProc-RRCDLInfo             0ms 
-	TUEProc-LPPLocationRe       0ms
-	gNB: TgNBProc-NRPPa 
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB      0-0.5ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 5 RRC Location Measurement Indication
	5-8.5
Processing delays: 5-8 ms
-	UE: TUEProc-RRCLocationMeas
-	gNB: TgNBProc-RRC
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB
	0
if the request location information includes the MG request information

	Step 6 RRC Measurement Gap configuration
	13-13.5
Processing delays: 13 ms
-	UE: TUEProc-RRCReconf
-	gNB: TgNBProc-RRC
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB
	13-13.5


	Step 7 DL PRS measurement
	TDL-Meas : 88.5

	TDL-Meas: 88.5


	Step 8 LPP Provide Location Information
	23-39.5ms
Processing delays: 16-19 ms
-	UE: 
-	TUEProc-RRCULInfo      2- 5ms
-	TUEProc-LPPLocationRe  5ms
-	gNB: TgNBProc-NAS/LPP 3ms
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF
	13-29.5ms
Processing delays: 9 ms
-               UE: 
-	TUEProc-RRCDLInfo             0ms 
-	TUEProc-LPPLocationRe       0ms
-	gNB: TgNBProc-NRPPa 
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB      0-0.5ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Total physical layer latency
	129.5-137.5
	


Observation 6: [bookmark: _Hlk71211014]
· The low layer triggered the request and response of location information can reduce by 25-28ms.
A new NRPPa procedure (such as NRPPa request location information) should be specified for the above low layer triggered requesting of location information. Besides, from RAN2/RAN3 perspective, new low layer signaling needed to be specified and gNB can configure MG based on the requesting of location information from NRPPa.
Proposal 15: [bookmark: _Hlk71211025]
· The request of the measurement via MAC-CE and/or physical layer procedure should be supported.
Priority rules 
Priority rules for the processing/reception of DL PRS and other signals/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, we propose to introduce priority indications for priority indications of PRS for PRS reception, such as Table 6.
[bookmark: _Ref71205967]Table 6 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



In addition, when we evaluate the latency, the CCSF is 1. However, in some cases, the MG needs to be shared with other candidates, such as RRM measurement, and will be more than one. Then, the  will be extended by CSSF. Therefore, we propose to consider priority indications for the calculation of CCSF. 
Proposal 16: [bookmark: _Hlk71211046]
· Priority rules should be supported for the processing/reception of DL PRS and other signals/channels or sharing MG.
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 17: [bookmark: p15]
· [bookmark: _Hlk54627011]Priority rules for positioning measurement and report should be supported in Rel-17 positioning.
Conclusion
In this contribution, we discuss latency reduction with the following observations and proposals:
Observation 1: 
· The benefit of Scheduling Location Time for latency reduction is unclear for SA2.
· Scheduling Location Time is more like an unrealistic concept if it is defined as a future UTC time at which a UE is to be located since it is difficult to match the location result with a certain time considering multi-TRP measurement across multiple occasions and each occasion measurement also carries a different timestamp.
· The application scenario of the scheduled location time is limited and the “scheduled location time” is applied to the first location report only, and whether it applies to triggered event type is still under discussion in SA2..
Observation 2: 
· PRS measurement without MG and PRS measurement with MG enhancement are not mutually exclusive methods since we have reached an agreement to support the PRS measurement without MG and PRS measurement with MG together in Rel-16.
Observation 3: 
· PRS measurement within active BWP has better positioning latency performance than the best case of MG-based enhancement.
· There is no additional specification impact and enhancement for PRS measurement within active BWP other than allowing measure PRS without MG when PRS is within active BWP.
Observation 4: 
· To reach the best case latency reduction of MG-based method，the following enhancements needs to be supported：
· 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 
· PRS-specific MG to  match the PRS and the MG 
· Small periodicity for MG.
Observation 5: 
· Using BWP switching to measure DL PRS has the following benefits compared with MG.
· 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 6: 
· The low layer triggered the request and response of location information can reduce by 25-28ms.

Proposal 1: 
· Physical layer latency reduction should be independent of scheduled location time.
· The method with scheduled location time can be considered as a further optimization to be discussed in Rel-17 if scheduled location time is supported.
Proposal 2: 
· PRS measurement without MG and PRS measurement with MG enhancement can be supported together in Rel-17 for maximizing the advantages of the two methods.
Proposal 3: 
· PRS measurement without MGwhen PRS is within active DL BWP should be specified.
Proposal 4: 
· To support the case (case 2) of option 1 and option 2 where PRS partially within active BWP, consider enhancing the reporting information, for example,
· UE capability reporting, including without MG capability.
· Active BWP information reporting.
Proposal 5: 
· To support the case (case 2) of option 1 and option 2 that UE PRS partially within active BWP, consider enhancing the UE measurement procedure or signaling, for example,
· if the overlapping bandwidth of active BWP and PRS can satisfy the performance requirement, UE measurement can be inside the active BWP. Otherwise, the UE can request MG(s) or BWP switching.
Proposal 6: 
· Support option 1 and option 2 for latency and complexity reduction.
· 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
Proposal 7: 
· Further study the signaling and procedure for supporting option 3 as an alternative to using MG.
· 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)
Proposal 8: 
· Supporting PRS measurement or processing prioritization window  for centralized on-demand PRS
· centralized on-demand PRS: on-demand PRS is configured/requested within the PRS measurement or processing prioritization window
Proposal 9: 
· Pre-configured MG for positioning should be supported for NR positioning.
· Send an LS to RAN4 for informing this information
Proposal 10: 
· The common parameter of pre-configured MG for positioning is configured and transmitted to LMF/UE in advance, based on the Frequency layer information included in the MG request from LMF/UE, such as:
·  Frequency domain information: PointA, StartPRB, Bandwidth and SubcarrierSpacing of frequency layer; 
· Time domain information: gap offset, gap length and gap periodicity for the Frequency layer.
· FFS: Include MG type in MG request, MG type: regular MG, pre-configured MG
Proposal 11: 
· Further study the specific parameter of pre-configured MG for positioning, such as:
· Initial status of pre-configured MG: activated, deactivated. 
· Whether the MG or activated status of MG is associated with the serving cell index and/or BWP index.
Proposal 12: 
· Pre-configuration MG activation/deactivation for positioning needs to be considered in Rel-17.
Proposal 13: 
· To consider the following options for pre-configured MG activation/deactivation 
· Option1: LMF transmits a pre-configured MG activation/deactivation request to gNB by NRPPa information, and then gNB activates/deactivates pre-configured MG by lower layer signaling to UE;
· Option 2: LMF transmits a pre-configured MG activation/deactivation request to gNB by NRPPa information, and LMF activates/deactivates activate/deactivate pre-configured MG by LPP to UE;
· Option 3: UE expects the MG is activated when PRS measurement within pre-configured MG is needed, e.g. when active DL BWP doesn’t satisfy the PRS measurement (bandwidth and/or SCS), and/or LPP Request Location Information is applied;
· FFS: Autonomously/implicitly triggering via event at gNB and UE, e.g. triggerred by reception of LPP Request Location Information, triggered by relationship between active BWP and PRS
· Option 4: UE requests the MG activation to gNB when PRS measurement within pre-configured MG is needed, e.g. when active DL BWP doesn’t satisfy the PRS measurement (bandwidth and/or SCS), and/or LPP Request Location Information is applied. And then gNB activates/deactivates pre-configured MG by lower layer signaling to UE.
Proposal 14: 
· Pre-configuration and/or activation/deactivation of an MG associated with on-demand PRS needs to be considered in Rel-17.
Proposal 15: 
· The request of the measurement via MAC-CE and/or physical layer procedure should be supported.
Proposal 16: 
· Priority rules should be supported for the processing/reception of DL PRS and other signals/channels or sharing MG.
Proposal 17: 
· Priority rules for positioning measurement and report should be supported in Rel-17 positioning.
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Annex
[bookmark: _Hlk65070627]Table 5.2.3.1.2-1: 	Latency Components[5]
	Label
	Latency 
[ms]
	Description

	 Processing Latencies

	TUEProc-RRCReconf
	10
	RRC Reconfiguration processing

	TUEProc-RRCDLInfo
	5
	RRC DL information transfer 

	TUEProc-RRCULInfo
	2-5
	RRC UL information transfer

	TUEProc-RRCLocationMeas
	2-5
	RRC Location Measurement Indication

	TUEProc-LPPCapab
	10-20
	LPP Provide Capabilities

	TUEProc-LPPAssi
	10
	LPP Provide Assistance Data

	TUEProc-LPPLocationRe
	5
	LPP Request/Provide Location Information

	TUEProc-MAC-SRSAct
	1-3
	MAC-CE SRS Activation/Deactivation

	TgNBProc-RRC
	3
	RRC Processing

	TgNBProc-NRPPa
	3
	NRPPa Processing

	TgNBProc-NAS/LPP
	3
	NAS/LPP Processing

	TAMFProc
	3
	AMF Processing

	TLMFProc
	3
	LMF Processing

	Signalling Propagation Delays between Nodes

	TUE-gNB
	0-0.5
	

	TgNB-AMF
	3-10
	

	TAMF-LMF
	1-10
	

	TAMF-GMLC
	3-10
	

	Positioning Measurement Latencies

	TLMF-Calc
	2-30
	Position Calculation latency

	TDL-Meas
	88.5
	Estimated minimum DL PRS measurement time in Rel.16 can be 88.5ms depending on DL PRS configuration settings.

	TUL-Meas
	12
	SRS for positioning measurement time of 12 ms can be achieved under certain SRS for positioning configuration settings depending on the frame configuration.
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