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1. Introduction
[bookmark: _Hlk30969022]The Rel-17 WID of NR positioning enhancement was approved in RAN#90e [1], including the following RAN1-centric objective of improving the latency accuracy of NR positioning methods:
	· 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 this contribution, we will present our views on latency reduction related with measurement gap and UE measurements. 
2. Enhancements related with UE measurement
In release 16, the UE measures DL PRS resources only when measurement gap is configured. That could introduce extra latency to physical layer positioning procedure. The UE would have to wait for the available window of measurement gaps. The RRC signaling used for requesting measurement gap and configuring measurement gap would introduce latency too. To reduce the latency, one potential enhancement is to allow the UE to measure DL PRS resources without measurement gap when the numerology of DL PRS resources is same to that of the active BWP and the bandwidth of DL PRS resources is within the active BWP. That can reduce the latency caused by operation of measurement gap. For that, a new UE capability shall be introduced.
Regarding the PRS measurement without MGs, the following agreement was made:
	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.


If a UE is configured to process DL PRS resource without MGs, the reception of normal DL transmission shall not be impacted. Thus, the DL PRS resource shall satisfy the following two conditions:
· The PRS resource shall be within the active DL BWP of the UE.
· The PRS resource shall be configured with the same SCS as the DL BWP.
Furthermore, the PRS shall only be transmitted from the serving cell because the transmission of PRS and other normal DL transmission can be coordinated to avoid conflict. 
Proposal 1: Support measuring DL PRS resource without measurement gap when DL PRS resource is within the active DL BWP and with the same numerology of the active DL BWP and from the serving cell.
· This is subject to UE capability.
The DL PRS processing capability for the case when measurement gap is configured is specified in release 16. If processing DL PRS without measurement gap is specified in release 17, we need to define the DL PRS processing capability for the case when measurement gap is not configured.
Proposal 2: Define new DL PRS processing capability for the case that the UE process DL PRS without measurement gap.
Other DL channels or reference signals might be transmitted on the same symbols as the DL PRS resources.  When one DL channel or reference signal are mapped on the same symbol as DL PRS, the UE does not receive those DL channel or reference signal if the UE measures the DL PRS resource.
Proposal 3: On the symbols where the UE measures DL PRS resource, the UE is not expected to receive DL channel or reference signal.
In release 16, the DL PRS cannot be transmitted on any symbol where SSB is transmitted. The UE assumes that the DL PRS from the serving cell is not mapped to any symbol that contains SSB from the serving cell. And for non-serving cell, if the time and frequency location of the SSB is provided, the UE also makes the same assumption. This limitation would restrict the UE processing DL PRS resource. Even when a DL PRS resource is transmitted on the symbols where SSB is transmitted and the UE does not process that SSB, the UE still can not measure that DL PRS resource. That would increase the latency of processing DL PRS resource. To resolve this issue, we can support mapping DL PRS resource on the symbols where SSB is transmitted. The UE can be indicated which one of DL PRS resource or SSB shall be processed.
Proposal 4: The DL PRS resource and SSB can be mapped onto the same symbol and the UE is indicated with if the UE shall receive DL PRS resource or SSB.
3. Enhancements on measurement gap
Measurement gap could be the bottleneck for physical layer procedure in UE-assisted DL based positioning method and UE-based positioning methods.
In UE-assisted DL-based positioning method, such as DL-DTOA and DL-AoD, the procedure of requesting measurement gap and configuring measurement gap would contribute a significant part to the physical layer latency.  Fig.1 illustrates the physical layer procedure for UE-assisted DL-based method.
[image: ]
Figure 1. Pprocedure of UE-assisted DL-based method
As shown in Figure 1, the steps included in physical layer procedure of UE-assisted DL-based method includes:
1) The system sends LRR location request information, that is the trigger time.
2) After the UE receives the LRR location request information, the UE sends RRC location indication message to request configuration of measurement gap.
3) To respond the UE, the gNB configures measurement gap for the UE to measure DL PRS resources.
4) Based on the configuration, the UE receives the DL PRS resource during measurement gap and then conduct the required measurement, such as RSTD or RSRP.
5) After the positioning measurement is ready, the UE sends SR to request uplink grant, the gNB schedule PUSCH grant and then the UE reports the positioning measurement through PUSCH grant.
6) Finally, the gNB decode the PUSCH carrying the positioning measurement.

In UE-based method, the procedure of requesting measurement gap and configuring measurement gap for the UE to measure DL PRS resource would contribute a significant part to the physical layer latency too. 

[image: ]
Figure 3. Physical layer procedure of UE-based method
A physical layer procedure of UE-based method is shown in Figure 3, which includes the following steps:
1) The UE sends LPP request assistance data message to request the configuration of DL PRS from the NW. And the NW configures the DL PRS resource by sending the LPP provide assistance data. In our view, we do not need count this step in the physical layer latency calculation because the configuration of DL PRS is semi-static and the UE only requests it once.
2) For receiving and measuring DL PRS, the UE needs measurement gap. The UE sends RRC location measurement location to the gNB to request configuration of measurement gap.
3) The gNB responds to the UE and sends the RRC configuration of measurement gap.
4) Within the measurement gap, the UE receives the DL PRS and then conducts corresponding measurement.
5) Finally, the UE calculates the location.
The latency of measurement gap operation is due to RRC signaling. The UE uses RRC signaling  LocationMeasurementInfo to request measurement gap when the UE needs measurement gap to measure DL PRS resource and the gNB uses the RRC parameter MeasGapConfig to provide the configuration of measurement gap. To reduce the latency of measurement gap operation, we can study to support using MAC CE or DCI signaling to provide and trigger the configuration of measurement gap. For the UE request, we can also study to support using PUCCH or MAC CE to send UE request of measurement gap.
In RAN1 #105-e meeting, we made the following agreement on MG for PRS measurement:
	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.



For the DCI or MAC CE based measurement gap, the gNB can provide and trigger a measurement gap for DL PRS resource measurement through DCI triggering or MAC CE activation. That has lower latency than RRC-based configuration.
Proposal 5: Support using lower-layer signaling (DCI-based or MAC CE-based) to trigger or activate a measurement gap configuration.
To reduce the latency of requesting measurement gap, we can consider to use lower layer signaling to send measurement gap request. One example is the UE can be configured with dedicated PUCCH resource for requesting measurement gap. The UE can send the measurement gap request message in the configured PUCCH resource. Another example is the UE can request measurement gap through MAC CE. 
Proposal 6: Support lower-layer signaling based (PUCCH-based or MAC-CE based) measurement gap request.
The UE needs the measurement gap for DL PRS resource measurement only when the UE needs to measure DL PRS resource. Thus, the measurement gap only needs to exist for a given time duration when the UE measures DL PRS resources. When measurement gap is triggered by a DCI, the triggered measurement gap can happen for a given number of repetitions that is sufficient for UE to complete measuring the DL PRS resources.   When a measurement gap is activated by a MAC CE, the activated measurement gap can happen for a given number of repetitions and then stops.
[bookmark: _Hlk71485947]Proposal 7: One triggered measurement gap can happen multiple repetitions and then stop.
4. Conclusions
In this contribution, we presented our views on latency reduction related with measurement gap and UE measurement. Accordingly, the following proposals were made:
Proposal 1: Support measuring DL PRS resource without measurement gap when DL PRS resource is within the active DL BWP and with the same numerology of the active DL BWP and from the serving cell.
· This is subject to UE capability.
Proposal 2: Define new DL PRS processing capability for the case when measurement gap is not configured.
Proposal 3: On the symbols where the UE measures DL PRS resource, the UE is not expected to receive DL channel or reference signal.
Proposal 4: The DL PRS resource and SSB can be mapped onto the same symbol and the UE is indicated with if the UE shall receive DL PRS resource or SSB.
Proposal 5: Support using lower-layer signaling (DCI-based or MAC CE-based) to trigger or activate measurement gap configuration.
Proposal 6: Support lower-layer signaling based (PUCCH-based or MAC-CE based) measurement gap request.
Proposal 7: One triggered measurement gap can happen multiple repetitions and then stop.
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