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Introduction
In RAN#91-e meeting, the WID revision of NR Positioning Enhancements was approved [1], which includes the following RAN1 centric objectives:
	· 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:
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2] 



This contribution discusses the latency reduction related to the time needed to perform UE measurements, and the latency reduction related to the measurement gap.

Latency reduction related to the time needed to perform UE measurements 
Latency reduction related to DL PRS reception

In NR Rel-16, DL PRS is configured and transmitted periodically. Minimum periodicity of 4ms of DL PRS can be configured when the required positioning latency is low. However, it 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. Compared with the DL periodic PRS with “always on” mode, DL a-periodic PRS (AP-PRS) and DL semi-persistent PRS (SP-PRS) can be transmitted only when supporting DL PRS measurements, which can reduce positioning latency and increase resource utilization.  
There are at least three ways for supporting DL AP-PRS and DL SP-PRS receptions as shown in Figure 1: a) Serving gNB uses DCI to trigger UE the reception of DL AP-PRS; b) Serving gNB uses MAC CE to trigger UE the reception of DL SP-PRS; and c) LMF uses LPP message to trigger UE the reception of DL 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 supporting DL AP-PRS and DL SP-PRS
Compared with DL AP-PRS reception triggered by LMF, DL AP-PRS and DL SP-PRS receptions triggered by serving gNB with physical or MAC layer signaling have the gain on latency reduction 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 DL PRS from the same gNB. For single gNB positioning, UEs can receive the PRSs from multiple TRPs of the same 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 can be installed for one gNB to avoid the frequent handovers between gNBs due to UE movement. With single gNB positioning, the 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: A-periodic PRS and semi-persistent 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 information 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 between LMF and the gNBs, 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: In multiple gNB positioning, UE can be triggered to receive AP-PRS through LMF message.
In multiple gNB positioning, DL-PRS may be transmitted periodically from the serving gNB and neighbor gNBs, while the reception of DL periodic PRS are triggered by DCI or MAC CE in an aperiodic or semi-persistent manner to reduce the latency.    
Proposal 3: In multiple gNB positioning, 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 SR, waits for SR occasion, and sends out SR to request PUSCH resource; b) The serving gNB decodes 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 positioning measurement and before measurement result reporting, UE has to spend time on SR request and waiting for UL grant.

Figure 2: Procedure for reporting location measurement 

For reducing UE reporting delay, it would be better that the UE can report DL measurement results with the PUSCH scheduled by gNB right after the UE finishes the measurement in the measurement gap, as shown in Figure 3(a). One way to support it 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 with 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 has no knowledge of 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 result, then the serving gNB sends the UL grant to UE prior to 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. The serving gNB should send the UL grant to UE before the measurement gap, which schedules the UL resource for the UE to send the measurement report in the proper time right after the measurement gap.  

Latency reduction on measurement gap configuration
In Rel-16, a measurement gap is always configured for a UE to perform DL PRS measurements regardless of UE’s capability. For some UEs, there is no need to have the measurement gap to perform DL PRS measurements. For these UEs, allowing UE to perform DL PRS measurements without the configuration of measurement gap can reduce the positioning latency. So it is suggested that up to the UE capability, DL PRS measurements without the configuration of the measurement gap should be supported in Rel-17.
Proposal 5: Up to the UE capability, DL PRS measurements without the configuration of the measurement gap should be supported in Rel-17 to reduce the positioning latency.
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 location measurement gap (MG), T2(MG) represents the end time of the aperiodic location measurement gap, and L represents the duration of the aperiodic location 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 6: To reduce latency, the aperiodic measurement gap for NR positioning should be introduced. 
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 the UE capability to support positioning measurement with/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: Based on  infomation from LMF to UE
LMF informs UE of the expected measurement gap based on the transmission time of on-demand PRS before on-demand PRS is configured to UE by LMF. With the information, UE sends the measurement gap 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 : Based on information from LMF to gNB
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 measurement gap and recommend the proper measurement gap 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. The order of latency from highest to lowest is as follows: method 1, method 2, method 3, and method 4.
Proposal 7: Support the following methods of the measurement gap configuration for reducing the positioning latency: 
a) UE/serving gNB informs LMF about the existing measurement gap configuration.
b) LMF sends the recommended transmission time of on-demand DL PRS for a UE to the gNBs based on the UE capability of whether to support positioning measurement without measurement gap.
c) LMF informs UE of the expected measurement gap before on-demand PRS is configured to UE by LMF.
d) LMF sends the recommended measurement gap configuration for a UE to the serving gNB.

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: A-periodic PRS and semi-persistent PRS reception 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: In multiple gNB positioning, UE should be triggered to receive  AP-PRS through LMF message.
Proposal 3: In multiple gNB positioning, UE can be triggered to receive periodic PRS  through the DCI or MAC CE  to reduce the latency.
[bookmark: _GoBack]Proposal 4: To reduce the measurement latency, support LMF to inform serving gNB when the UE will report location measurement result. The serving gNB should send the UL grant to UE before the measurement gap, which schedules the UL resource for the UE to send the measurement report in the proper time right after the measurement gap.  
Proposal 5: Up to the UE capability, DL PRS measurements without the configuration of the measurement gap should be supported in Rel-17 to reduce the positioning latency.
Proposal 6: To reduce latency, the aperiodic measurement gap for NR positioning should be introduced. 
Proposal 7: Support the following methods of the measurement gap configuration for reducing the positioning latency: 
a) UE/serving gNB informs LMF about the existing measurement gap configuration.
b) LMF sends the recommended transmission time of on-demand DL PRS for a UE to the gNBs based on the UE capability of whether to support positioning measurement without measurement gap.
c) LMF informs UE of the expected measurement gap before on-demand PRS is configured to UE by LMF.
d) LMF sends the recommended measurement gap configuration for a UE to the serving gNB.
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