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Introduction
In RAN1#105-e meeting, the following agreements were made [1]:
	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


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.

Agreement:
Send an LS to RAN2 informing that
· From RAN1 perspective, it is beneficial to support a finer granularity for location response time in order to reduce latency. 
· RAN2 is requested to check if it can be supported and design the signaling details if supported.

· 



This contribution discusses the latency reduction related to DL PRS reception, measurement reporting, DL PRS reception without measurement gaps, and measurement gap configuration enhancements.

Latency reduction related to DL PRS reception

Rel-16 only supports periodic transmission of DL PRS. The DL PRS can be configured with a short periodicity as minimum as 4ms for supporting location applications of low positioning latency. However, the configuration of the short periodicity may result in inefficient use of the downlink resources and huge overhead, because there is no need to support such low latency for most location applications. Different from the periodic PRS with “always on” mode, aperiodic PRS (AP-PRS) and semi-persistent PRS (SP-PRS) can be transmitted only when there is a need to support DL PRS measurements, which can reduce positioning latency and increase resource utilization.  
In Rel-16, a UE is triggered to measure the DL PRS by LPP message. For Rel-17, there can be at least three ways for supporting reception of the periodic PRS, AP-PRS and SP-PRS receptions as shown in Figure 1: a) Serving gNB sends a DCI to trigger a UE for the reception of AP-PRS; b) Serving gNB sends an MAC CE to trigger a UE for the reception of SP-PRS; and c) LMF sends an LPP message to trigger UE for the reception of AP-PRS. 


(a) DL AP-PRS reception triggered by serving gNB


(b) DL SP-PRS reception triggered by serving gNB


(c) DL AP-PRS reception triggered by LMF
Figure 1: Three ways for triggering a UE for the reception of AP-PRS and SP-PRS
Compared with DL AP-PRS reception triggered by LMF, DL AP-PRS and DL SP-PRS receptions triggered by serving gNB with DCI or MAC layer signaling have smaller latency because of the higher efficiency of physical and MAC layer signaling. 
DL AP-PRS and DL SP-PRS receptions triggered by gNB are particularly useful for single gNB positioning to reduce latency, where a UE is expected to receive the PRSs from one or multiple TRPs of the serving gNB to provide the timing and angle measurements for positioning. For a UE moving in a big factory, an indoor facility, or a supermarket, many TRPs belonging to one gNB can be installed to avoid the frequent handovers between gNBs due to UE movement. With single gNB positioning, the serving gNB can configure AP-PRS and SP-PRS for a UE and inform the UE directly via DCI or MAC CE without message exchange between gNBs and LMF to meet the low latency requirement.  
Proposal 1: AP PRS and SP-PRS receptions triggered by serving gNB should be supported for single gNB positioning, in which a UE is informed to measure the DL PRS of the TRPs of the same gNB. 

In multiple gNB positioning, UE may receive the DL AP-PRS or SP PRSs from the multiple gNBs. In this case, LMF needs first to send a message to the serving gNB and neighbor gNBs to request DL PRS configurations for supporting AP-PRS and/or SP-PRS. After receiving the response about the DL PRS configurations from gNBs, there are two ways to send the DL PRS configurations to a UE. One of them is to follow Rel-16 approach, i.e., the LMF sends the PRS configurations directly to the UE. The message may include the information of when the UE should begin to receive the DL PRS. The other way is to first send the PRS configurations to serving gNB, and then the serving gNB sends PRS configurations to the UE with RRC signaling. After UE receives the PRS configurations, the serving gNB can use DCI or MAC CE to trigger UE for the reception of DL PRS. 
In comparison, the first approach has less impact on the specification and fewer messages exchanges between LMF and the gNBs. The second approach requires more message exchanges among LMF, the gNBs and the UE, and thus there is no special gain in terms of latency reduction even though DCI or MAC CE are used to trigger the UE for the reception of the DL PRS.
Observation 1: The advantage of supporting DCI-triggered AP-PRS reception and MAC CE triggered SP-PRS reception is unclear for multiple gNB positioning. 
Proposal 2: Reception of AP-PRS or SP-PRS triggered by LMF through LPP message should be supported. 

When DL-PRS singals are transmitted periodically from the serving gNB and neighbor gNBs,  the reception of periodic PRS in an aperiodic or semi-persistent manner can be triggered by DCI or MAC CE for reducing the latency of DL PRS reception.    
Proposal 3: UE can be triggered to receive periodic PRS  through the DCI or MAC CE  to reduce the latency.

Latency reduction on measurement reporting
For UE-assisted DL positioning, a UE reports its measurement results to LMF for calculating UE position.  After performing location measurement, the UE needs to go through the following procedures for reporting measurement: a) UE prepares scheduling request (SR), waits for SR occasion, and sends out SR to request PUSCH resource; b) The serving gNB decodes the SR, prepares and sends UL grant to the UE; and c) UE decodes UL grant and sends the DL measurement report to LMF. The procedure is shown in Figure 2, which shows that after the UE obtains the positioning measurement and before it can report the measurement result, UE has to wait for the UL grant after sending the SR request.

Figure 2: Procedure for reporting location measurement 

For reducing UE reporting delay, it is highly desirable that the UE can report DL measurement results right after the UE finishes the measurement in the measurement gap, as shown in Figure 3(a). One way to support this scheme is that before the measurement gap, UE sends out the SR to request PUSCH resource for measurement reporting, and then gNB schedules the PUSCH resource for UE to report the measurement result after the measurement gap. One issue that needs to resolve for the approach is that the reporting event for a location measurement from a UE to LMF is transparent to the serving gNB. Since the serving gNB does not know when the UE will transmit the location measurement report, the PUSCH resource could mistakenly be scheduled before the measurement gap as shown in Figure 3(b). To resolve this issue, LMF can first inform the serving gNB when the UE is expected to report location measurement results and the payload size of the measurement report, then the serving gNB sends the UL grant to UE before the measurement gap, which schedules the UL resource to UE in the proper time after the measurement gap.  

(a)

(b)
Figure 3: Scheduled PUSCH for reporting the location measurement result
Proposal 4: To reduce the measurement latency, support LMF to inform serving gNB when the UE will report location measurement result, which allows the serving gNB sends the UL grant to UE before the measurement gap. The UL grant schedules the UL resource for the UE to send the measurement report in a proper time right after the measurement gap.  
Latency reduction on DL reception without measurement gaps 
In RAN1#105-e meeting, the following agreements were made [1]:
	
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.
· 



As shown above, three options were agreed for further study in RAN1 105-e to support PRS measurement without MGs for latency reduction. In the following, we present our views on these options.
· Option 1: The PRS is from the serving cell and UE measurement is inside the active DL BWP.
· The issue with this option is that the reception to the PRS is limited to from the serving cell and also inside the active DL BWP.  It cannot support MG-less DL PRS measurements when there is a need to receive DL PRS from multiple cells, which may bring significant negative impact on the positioning performance. The advantage of the option is that it has a minimum impact on the UE implementation among the these options.

· Option 2: The PRS can be from the serving cell and non-serving cell, and UE measurement is inside the active DL BWP .
· The issue with this option is that UE measurement is limited to inside the active DL BWP, and UE is unable to measure the DL PRS transmission transmitted outside of the DL BWP, which may also have an negative impact on the DL PRS measurement accuracy. The advantage is that the impact on the UE implementation of this option is smaller than Option 3.

· Option 3: The PRS (from the serving cell or non-serving cell) used for UE measurement may be extended outside or be completely outside the active DL BWP (including with potentially different numerologies) .
· This option allows avoiding the positioning latency that are caused by the configuration of the measurement gap without scarifying the positioning performance. But, it has higher impact on the UE implementation than Option 1 and Option 2, since it may require the UE to support multiple Rx chains for the reception of the DL PRS inside/outside DL BWP. 

In our view, each option has its advantages and disadvantages. From the positioning performance point of view, supporting Option 3 is highly desirable. However, Option 1 and Option 2 may have their advantages in the reduction of UE implementation complexity. Therefore, all of the three options subject can be supported subject to UE’s capability.
Proposal 5: At least Option 3 should be supported in Rel-17. Option 1 and option 2 can also be supported for UEs with different capabilities.

There are a number of FFS issues included in the previous agreement, e.g., 
· PRS processing prioritization window
· UE/gNB assumptions on the processing of DL PRS and other DL physical channels/signals
· UE DL PRS processing capabilities

In our opinon, when a UE is capable of supporting PRS measurement without MGs, the UE is expected to measure the DL PRS simultaneously together with other DL channels without the interruption of the DL data communication. For example, for Option 2, when the UE measures the DL PRS from the serving cell and non-serving cells, the UE should be able to measure the PDCCH/PDSCH/CSI-RS from the serving cell without interruption, even if they are transmitted in the overlapping OFDM symbols. Then, the design can be much simpler. There is no need to define PRS processing prioritization window, no need to define UE/gNB assumptions on the processing of DL PRS and other DL physical channels/signals, no need to specify under which conditions PRS measurement without MGs is supported by the UE.
Proposal 6: When a UE has the capability to support PRS measurement without MGs, the UE is expected to perform DL PRS measurement and reporting simultaneously with other DL channels transmission/reception without the interruption of the DL data communication. Thus, there is no need to define PRS processing prioritization window, and the gNB assumes on the processing of DL PRS and other DL physical channels/signals.

Latency reduction with MG enhancements
In RAN1#105-e meeting, the following agreements were made [1]:
	
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 Rel-16, only periodic PRS and periodic measurement gap is supported. Repetition period of Rel-16 DL PRS is . Rel-16 measurement gap repetition period (MGRP, ms) is from 20ms to 160ms, and measurement gap length (MGL) is from 1.5ms to 6ms. According to Table 1 (Table 9.1.2.1 from [2]), MGL and MGRP is fixed for given measurement gap pattern. Total positioning latency will rely on MGL and MGRP. 
Table 1: Gap Pattern Configurations from Table 9.1.2-1 in TS38.133 [2]
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160



Using aperiodic PRS is an effective method to achieve low positioning latency in Rel-17. For reducing the measurement latency and support aperiodic PRS in Rel-17, an aperiodic measurement gap should be introduced, where MGRP can be set to 0 and MGL can be set to be the total length of DL PRS resource set. The configuration of the aperiodic measurement gap can be informed to UE by explicit signaling or implicit method.
Figure 4 shows an approach for configuring an aperiodic measurement gap for the reception of DL PRS from N TRPs. In the figure, T1(MG) denotes the start time of the aperiodic measurement gap (MG), T2(MG) represents the end time of the aperiodic measurement gap, and L represents the duration of the aperiodic measurement gap. The value of T1, T2, and L can be informed to UE by signaling. The relationship of T1, T2 and L is as follows:
T1(MG) = min{T1 (TRP#1), T1(TRP#2), …, T1(TRP#N)}.
T2(MG) = max{T2(TRP#1), T2(TRP#2), …, T2(TRP#N)}.
L=T2(MG)-T1(MG).
where T1(TRP#k) and T2(TRP#k)  represent the start and end time of AP-MG for TRP#k, respectively.

[bookmark: _Ref53308657][bookmark: _Ref53308643]
Figure 4: Illustration of aperiodic measurement gap

Proposal 7: To reduce latency, the aperiodic measurement gap for NR positioning should be introduced in Rel-17. 
The on-demand DL PRS is going to be supported in Rel-17 [1]. Compared with DL periodic PRS, on-demand DL PRS can be transmitted only when there is a need to support DL PRS measurements. Supporting on-demand DL PRS may increase resource utilization and reduce positioning latency. For supporting on-demand DL PRS, the measurement gap may be configured with different methods for different scenarios. In the following, we discuss four of them: 
Method 1: Based on existing measurement gap configuration
A UE may be already configured with a measurement map before on-demand DL PRS is initiated. In this case, LMF can request serving gNB/UE to report the information of periodic measurement gap, or the UE/serving gNB can inform LMF about the measurement gap configuration without the request. With the information, LMF may request the serving gNB and neighbor gNBs to configure on-demand DL PRS in the measurement gap when sending the on-demand DL PRS request. Since on-demand DL PRS resources are configured within the configured measurement gap, the UE does not need to request a new measurement gap for the reception of the on-demand PRS.
Method 2: Based on UE’s measurement capability
LMF can recommend the transmission time of on-demand DL PRS based on whether the UE has the capability to support positioning measurement without measurement gap. If a UE supports the measurement without a measurement gap, then when LMF requests the on-demand DL PRS from the gNBs for the UE, there is no need to consider MG configuration. If a UE doesn’t support the measurement without a measurement gap, when LMF requests on-demand DL PRS from the gNBs for the UE, the LMF should take into consideration the time duration required for a UE to request and get the configuration of the measurement gap. So when a UE receives the configuration of on-demand DL PRS, the UE can have enough time to request the measurement gap.
Method 3: UE requests the configuration of MG based on the  information of on-demand PRS from LMF to the UE
LMF informs UE of the expected MG based on the transmission time of on-demand PRS before on-demand PRS is configured to UE by LMF. With the information of expected MG, UE sends the MG request to serving gNBs for the configuration of MG. In this way, when UE receives the information of configured on-demand PRS, the proper MG is already configured and there is no extra delay for the MG configuration.
Method 4: LMF recommends the MG configuration based on the  information of on-demand PRS from gNB to the LMF
Serving gNB and neighbor gNBs inform LMF about the potential configuration for supporting on-demand DL PRS for a UE. With the information from the gNBs, LMF can estimate the time duration of the MG and recommend the proper MG configuration for the UE to the serving gNB. Then serving gNB may send the MG configuration to the UE for the DL PRS measurement without UE’s request to the serving gNB.
The above four methods are suitable for different scenarios with the time delays from high to low as: method 1, the mode with MG in method 2, method 3, method 4, and the mode without  MG in method 2,
Proposal 8: For on-demand DL PRS, support the following methods related to the measurement gap configuration for reducing the positioning latency: 
a) Either a UE or serving gNB may inform LMF about the existing measurement gap configuration for the UE.
b) [bookmark: _GoBack]LMF may determine and send the recommended transmission time of on-demand DL PRS for a UE to the gNBs based on the UE’s capability of whether to support positioning measurement without a measurement gap.
c) LMF informs UE of the expected measurement gap before on-demand PRS is configured to UE by LMF.

After a UE receives the PRS configuration from LMF, subject to the UE’s capability, the UE maybe need to request an MG configuration. One approach is the UE sends a request to the gNB with lower layer signalling. Another approach is when the LMF sends the PRS configuration to the UE, the LMF also sends the recommended measurement gap configuration to the serving gNB based on the information of the UE’s capability. In comparision, the latter may reduce positioning latency and also has less impact on the specification and implementation.
Proposal 9: Support LMF to send the recommended measurement gap configuration for a UE to the serving gNB for reducing the positioning latency.
Conclusion 
In this contribution, we discuss latency reduction related to the time needed to perform UE measurements and latency reduction related to the measurement gap, and give the following observations and proposals:
Observation 1: The advantage of supporting DCI-triggered AP-PRS reception and MAC CE triggered SP-PRS reception is unclear for multiple gNB positioning. 
Proposal 1: AP PRS and SP-PRS receptions triggered by serving gNB should be supported for single gNB positioning, in which a UE is informed to measure the DL PRS of the TRPs of the same gNB. 
Proposal 2: Reception of AP-PRS or SP-PRS triggered by LMF through LPP message should be supported. 
Proposal 3: UE can be triggered to receive periodic PRS  through the DCI or MAC CE  to reduce the latency.
Proposal 4: To reduce the measurement latency, support LMF to inform serving gNB when the UE will report location measurement result, which allows the serving gNB sends the UL grant to UE before the measurement gap. The UL grant schedules the UL resource for the UE to send the measurement report in a proper time right after the measurement gap.  
Proposal 5: At least Option 3 should be supported in Rel-17. Option 1 and option 2 can also be supported for UEs with different capabilities.
Proposal 6: When a UE has the capability to support PRS measurement without MGs, the UE is expected to perform DL PRS measurement and reporting simultaneously with other DL channels transmission/reception without the interruption of the DL data communication. Thus, there is no need to define PRS processing prioritization window, and the gNB assumes on the processing of DL PRS and other DL physical channels/signals.
Proposal 7: To reduce latency, the aperiodic measurement gap for NR positioning should be introduced in Rel-17. 
Proposal 8: For on-demand DL PRS, support the following methods related to the measurement gap configuration for reducing the positioning latency: 
a) Either a UE or serving gNB may inform LMF about the existing measurement gap configuration for the UE.
b) LMF may determine and send the recommended transmission time of on-demand DL PRS for a UE to the gNBs based on the UE’s capability of whether to support positioning measurement without a measurement gap.
c) LMF informs UE of the expected measurement gap before on-demand PRS is configured to UE by LMF.
Proposal 9: Support LMF to send the recommended measurement gap configuration for a UE to the serving gNB for reducing the positioning latency.
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