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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Latency improvement for positioning is a topic across working groups. Two sub-topics led by RAN1 are addressed in the WI description,
	· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]



During the study item in RAN1, the latency related to the response time for the first fix is analysed. In this contribution, we provide the views for the following discussion points targeting to the response time reduction,
· Latency reduction related to the time needed to perform UE measurements
· Latency reduction related to the measurement gap

2 Latency reduction related the time needed to perform UE measurements
The following conditions may cause the latency during UE measurement for first fix,
1. The time waiting for the occasions of periodic PRS
2. The time for averaging the measurement results across several occasions
3. The time for UE RX beam training for TRP TX beam measurement

For (2), the average could be avoided through UE implementation to achieve fast first fix. For (3), there is optional QCL indication for DL-PRS, so that UE may know using which RX beam for receiving DL-PRS through the RRM procedure before the positioning procedure starts.

The time waiting for the occasions of periodic PRS
Similar concern happened in Rel-15 when periodic TRS is designed to facilitate time/frequency tracking of UE. The aperiodic TRS is further introduced at least for several reasons,
· Reduce the SCell activation time
· Maintain the receiving performance in the start of the on duration of long DRX
· Maintain the receiving performance after beam switching
There is no mechanism for UE to request aperiodic TRS. It depends on gNB to trigger when there is a need. So far, there is no RAN4 test defined to justify the above items, and as we know, the Rel-15 network doesn't implement aperiodic TRS due to less attention.

It doesn't mean aperiodic TRS is a paper feature. In Rel-17, aperiodic TRS has re-gained the attention to the topic related to the efficient SCell activation under DSS AI.

Similar to TRS, the periodicity of PRS can also be adjusted, and therefore, the applicability of aperiodic PRS may be limited.

If the configured PRS periodicity is long, the location server may signal to the gNBs for requesting the aperiodic PRS transmission after the location server sends the “Request location information message” to a UE. The timing offset between the time the UE decoding the PDSCH for receiving the message and the time the aperiodic PRS being transmitted may need to be controlled carefully.

Another solution is, after UE decodes the PDSCH for receiving the message, UE may request aperiodic PRS transmission, if the waiting time is long for a periodic PRS occasion. The response latency due to the request of aperiodic PRS transmission from neighbouring gNBs may also depend on the loading of scheduling in neighbouring gNBs. Therefore, if aperiodic PRS is considered, it seems more feasible to be confined to the scenario that the transmission being from the serving gNB and the corresponding TRPs.

Proposal 2-1: After UE decodes the PDSCH for receiving the message of location information request, UE may request aperiodic PRS transmission, if the waiting time is long for a periodic PRS occasion

Proposal 2-2: Aperiodic PRS transmission may be confined to the scenario that the transmission being from the serving gNB and the corresponding TRPs

3 Latency reduction related to the measurement gap
In Rel-16, it is required to measure the DL-PRS within the measurement gaps, even though for the intra-frequency measurement. The gaps may be further shared between the measurements of different purposes, so that the CSSF, carrier specific scaling factor is defined to scale the measurement delay requirement.

The enhancement related to measurement gaps could be,
· Measurement outside the gaps. If the measurement is not restricted to be performed within the gaps, there is opportunity to reduce the measurement latency. This belongs to RAN1 area of discussion
· A new measurement gaps configuration dedicated to the DL-PRS measurements. The SSB time configuration and DL-PRS time configuration could be properly disjoint. In this way CSSF could be equal to 1 to shorten the latency. This belongs to RAN4 area of discussion

Note that, for SSB based intra-frequency measurement, both within the measurement gaps and outside the measurement gaps are supported. If DL-PRS is measured outside the gaps, whether the measurement bandwidth is within the active DL BWP, or larger than the active DL BWP could be further explored.

Rel-16 actually would have supported the measurement outside the gaps with DL-PRS measurement bandwidth being within the active BWP. And the agreement was further overturned in the following version. We can see that, in 38.214-g10

	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. 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. When the UE is expected to measure the DL PRS resource outside the active DL BWP it may request a measurement gap in higher layer parameter [XYZ]. 




And in 38.214-g40,
	UE is not expected to process DL PRS without configuration of measurement gap.




There would be no improvement in Rel-17 by simply reverting to the version of 38.214-g10. The potential improvement is that, when measurement gaps are configured, the UE may measure the DL-PRS and the corresponding measurement bandwidth could be larger than the active DL BWP for both within and outside the measurement gaps. This is different from the SSB measurements without (or outside) gaps, in which SSB is contained completely in the active DL BWP. Since DL-PRS transmission bandwidth would be larger than SSB bandwidth, it is expected to also have large measurement bandwidth in order to maintain comparable performance between the measurements within the gaps and outside the gaps.

Similar to SMTC, the PMTC, PRS measurement timing configuration, could be introduced. Generally, the latency could be improved when PMTC is partially overlapping with MGs and PMTC period < MGRP.

The design could be,
· There are several transition symbols before and after a PMTC duration, and there is no data transmission within these transition symbols. The transition symbol number could be UE specific due to different RF implementation technique
· The UE may perform bandwidth adaptation during the transition symbols for larger measurement bandwidth, and return to the original active DL BWP size after measurement. From network perspective, the UE’s active DL BWP doesn't change. Therefore the network doesn’t re-configure BWP to the UE
· The measurement bandwidth contains active DL BWP. Therefore, the potential scheduling is still confined within the active DL BWP, not within the enlarged measurement bandwidth
· The transition symbols are in the two neighboring slots between PMTC duration. The PDSCH type B scheduling could be applied to the two neighboring slots 

Proposal 3-1: Support DL-PRS measurement outside the gaps. FFS on details

Proposal 3-2: Similar to SMTC, the PMTC, PRS measurement timing configuration, could be introduced. Generally, the latency could be improved when PMTC is partially overlapping with MGs and PMTC period < MGRP

Proposal 3-3: Transition symbols before and after a PMTC duration could be considered, and there is no data transmission within these transition symbols
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4 Conclusion

Proposal 2-1: After UE decodes the PDSCH for receiving the message of location information request, UE may request aperiodic PRS transmission, if the waiting time is long for a periodic PRS occasion

Proposal 2-2: Aperiodic PRS transmission may be confined to the scenario that the transmission being from the serving gNB and the corresponding TRPs

Proposal 3-1: Support DL-PRS measurement outside the gaps. FFS on details

Proposal 3-2: Similar to SMTC, the PMTC, PRS measurement timing configuration, could be introduced. Generally, the latency could be improved when PMTC is partially overlapping with MGs and PMTC period < MGRP

Proposal 3-3: Transition symbols before and after a PMTC duration could be considered, and there is no data transmission within these transition symbols
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