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Introduction
In RAN#90-e meeting, a new work item for NR positioning enhancements was approved [1], in which the motivation to support positioning enhancements to attain Rel-17 target positioning requirement was justified for both commercial and IIoT use cases. The objectives of this new work item are to specify solutions to provide higher accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc). 
In RAN#91-e meeting, the work item for NR positioning enhancement was revised [2], where objectives including latency and NW/UE efficiency enhancements were further extended and updated:
	· 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]
· [bookmark: _Hlk67643273]Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3, RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state
· Specify on-demand transmission and reception of DL PRS for DL and DL+UL positioning for UE-based and UE-assisted positioning solutions, including: [RAN2, RAN1, RAN3]
· UE-initiated request of on-demand DL PRS transmission; 
· LMF (network)-initiated request of on-demand DL PRS transmission;


In RAN1#105-e meeting, the latency improvements for both DL and DL+UL positioning methods were discussed, solutions including MG enhancements, DL PRS measurement without MGs, etc, were agreed for further study. In this contribution, we provide our views on the enhancements for improving positioning latency.
Discussion
2.1 DL PRS measurements without MG
At the later stage of Rel-16 positioning WI, to reduce the UE processing complexity, the feature to support the DL PRS measurement without request and configuration of MG was excluded, which may lead to several potential issues in Rel-17:
· The physical layer latency introduced by measurement gap request and configuration is large (e.g., can lead to 20ms latency).
· The periodicity mismatch between the measurement gap and DL PRS. 
· The data transmission may be interrupted by the configuration of the measurement gap. 
In order to further reduce the physical layer latency for positioning, the enhancement on supporting DL PRS measurement without MG was proposed by many companies, and was intensively discussed in the last RAN1 meeting. The following agreement was reached:
	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.


Note that in the early stage of the Rel-16 positioning WI, the physical layer procedure of DL PRS measurement was discussed. It was agreed that the UE can measure DL PRS within the active DL BWP and with the same numerology as the active DL BWP, when no measurement gap is configured. On the other hand, when measurement gap is configured, the UE can measure DL PRS that is outside of the active DL BWP. In our views, we can at least follow the discussion in Rel-16 POS WI, and support Option 2 in the above agreement. 
Proposal 1: Support the UE to measure the DL PRS without measurement gap, when the PRS from the serving cell and non-serving cell is inside the active DL BWP and with the same numerology as the active DL BWP.
DL reception enhancement
With the enhancement of DL PRS processing without the configuration of the measurement gap, another issue is the potential collision between DL PRS and other DL signals/channels since the DL PRS configuration is transparent to the serving gNB. 
1) Multiplexing of DL PRS and other DL signals/channels
In Rel-16, it was agreed that the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE. If this processing rule is followed, it would be quite challenging to meet the target latency requirement defined in Rel-17. Therefore, one possible solution is to relax the restrictions to allow the UE to simultaneous receive DL PRS and other DL signals/channels in an FDM manner. In such a case, the DL PRS configurations from neighboring TRP can be informed to the serving TRP (based on Xn, or higher layer signaling, or UE indication, etc) so that the DL signals/channels are multiplexed with DL PRS in the same OFDM symbol to further reduce the positioning latency.
Proposal 2: Support the UE to process DL PRS and other DL signals/channels that are multiplexed in an FDM manner in the same OFDM symbol.
2) Priority rule of DL reception
In case that UE is not capable of processing DL PRS and other DL signals/channels in the same OFDM symbol, when collision occurs, the UE behavior should be specified. In Rel-16 URLLC, the physical layer priorities of uplink channels/signals were defined, and the intra-UE collision handling mechanism in case UL transmissions with same and/or different priority indices was specified. In our view, the reason that no physical layer priority is introduced to DL signals/channels is that the DL scheduling can be up to serving gNB implementation and therefore no specification is needed. However, in NR positioning, since the configuration of DL PRS and the measurement request is via LPP signaling, which is transparent to serving gNB, it is highly possible that collision would happen and therefore collision handling rule should be defined. In the first step, for a UE which has stringent positioning accuracy and latency requirement, or with the QoS class as “assured”, it should be ensured that the UE (e.g., using UE-A positioning) can successfully receive/decode the PDSCH that carrying the assistance data and location information request, and measure the DL PRS. One straightforward solution is to introduce the physical layer priority of DL PRS and DL signals/channels that carrying LPP signaling. To be specific, the priority index of DL PRS can be configured in the assistance data, and the priority of DL signals/channels can be indicated by the corresponding DCI. The collision rule can be defined as follows:
· If a PDSCH transmission with high priority overlaps in time with a DL PRS, the UE does not measure the DL PRS in the overlapping symbols.
· If a PDSCH transmission with low priority overlaps in time with a DL PRS with low priority, the UE does not measure the DL PRS in the overlapping symbols.
· If a PDSCH transmission with low priority overlaps in time with a DL PRS with high priority, the UE does not receive the PDSCH in the overlapping symbols.
Proposal 3: Support introducing physical layer priority for DL PRS and DL signals/channels carrying LPP signaling.
2.2 MG enhancement
When the DL PRS to be measured is outside of the UE active DL BWP, or with a different numerology from the active DL BWP, the UE can request the measurement gap. However, as discussed in the above, the current request and configuration of measurement gap has a few drawbacks on the latency. To further improve the physical layer latency regarding the request and configuration of the measurement gap, the following agreement was made in the last meeting:
	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 the current spec, only periodic MG is supported. Since the measurement gap is designed considering the tradeoff between measurement (including for mobility and for positioning measurement) and data transmission, therefore, the measurement gap pattern configuration is not always perfectly aligned with the DL PRS configuration. On the other hand, the current MG for positioning can only be requested and configured via RRC signalling, which leads to a large processing latency of 20ms. To solve this issue, supporting enhancements on MG configuration and activation is a straightforward solution.
During the discussion of RAN1#105-e meeting, it was pointed by several companies that pre-configured MG and activation/deactivation of an MG following a DCI or timer-based BWP switch for RRM is under RAN4 discussion. In our views, the MG enhancement for positioning can use a similar framework. In addition, the on-demand DL PRS is under discussion in Rel-17, which can be initiated/stopped by both UE and LMF regarding the LCS requirement, in this case, the time domain characteristics of the MG can be enhanced, e.g., by defining on-demand, semi-persistent and/or aperiodic MG, to better fit the DL PRS configurations. The details can be up to RAN4.
With the pre-configuration of MGs, the request and triggering/activation of the MG by lower layer signalling (e.g., MAC-CE, DCI, UCI) can be further enhanced. To be specific, when the DL PRS to be measured is outside of the active DL BWP or with a different numerology, the UE can request the serving gNB of one or more pre-configured MGs by UL MAC-CE and UCI, and the serving gNB can further trigger/activate the MGs via DL MAC-CE or DCI. In addition, in case of the LMF-initiated on-demand DL PRS, it seems reasonable to allow the LMF to request certain pre-configured MGs; however, since the LMF may not know the pre-configuration of MGs, and the active DL BWP of the UE, in order to support the LMF request MGs, additional messages/information should be exchanged among UE, serving gNB, and LMF, which may further enhance the latency. 
Based on the above analysis, we think at least the following options can be supported:
Proposal 4: With regards to MG requesting and configuration/activation/triggering for the purpose of latency reduction for positioning, at least support:
· Pre-configuration of multiple MGs, details can be up to RAN4;
· Semi-persistent, aperiodic, on-demand MGs, details can be up to RAN4;
· Triggering/activation of MG(s) with lower layer signaling (DCI or DL MAC-CE)
· Request of MG(s) with lower layer signaling by the UE to the gNB (UCI or UL MAC-CE)
2.2 SRS for positioning priority enhancement
In Rel-16 positioning, the PUSCH always has higher priority than SRS for positioning no matter what time domain resource type is. When collision happens, the symbols of the SRS for positioning will be dropped. In the Rel-16 maintenance phase, the issue on priority rule of SRS for positioning was raised by several companies; however, it was down-prioritized in the maintenance stage and postponed to be further discussed in Rel-17. 
In the last RAN1 meeting, support of SRS priority enhancement for the purpose of latency reduction was proposed by several companies; however, since its benefits on latency reduction is lack of clarification, no consensus was reached. To our understanding, this enhancement may not be within the scope of latency reduction. Since the SRS for positioning will always be dropped when collision happens, it will cause transmission holes of the SRS, and further lead to degradation of accuracy. However, note that in the SI phase, this issue was raised by many companies, and was concluded that it can directly start working in the WI phase. Therefore, we believe that the SRS priority enhancement is within the WI scope, and should be discussed.
Proposal 5: The SRS for positioning priority enhancements is within the WI scope, and should be further studied. 
When the SRS for positioning collides with the PUSCH indicated as high priority, the current rule of dropping the SRS for positioning should be followed. The issue to be discussed is the case when the SRS for positioning collides with the PUSCH indicated as low priority, and in our view, the collision rule should be defined according to the time domain resource types of the SRS for positioning:
· If a PUSCH transmission with low priority overlaps in time with the periodic/semi-persistent SRS for positioning, the UE does not transmit the periodic/semi-persistent SRS for positioning in the overlapping symbols. 
· If a PUSCH transmission with low priority overlaps in time with the aperiodic SRS for positioning with low priority, the UE does not transmit the aperiodic SRS for positioning in the overlapping symbols.
· If a PUSCH transmission with low priority overlaps in time with the aperiodic SRS for positioning with high priority, the UE does not transmit the PUSCH in the overlapping symbols.
Proposal 6: Support introducing physical layer priority indication for SRS for positioning.
[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss the physical layer latency improvements for NR positioning, and the following observations and proposals are provided:
Proposal 1: Support the UE to measure the DL PRS without measurement gap, when the PRS from the serving cell and non-serving cell is inside the active DL BWP and with the same numerology as the active DL BWP.
Proposal 2: Support the UE to process DL PRS and other DL signals/channels that are multiplexed in an FDM manner in the same OFDM symbol.
Proposal 3: Support introducing physical layer priority for DL PRS and DL signals/channels carrying LPP signaling.
Proposal 4: With regards to MG requesting and configuration/activation/triggering for the purpose of latency reduction for positioning, at least support:
· Pre-configuration of multiple MGs, details can be up to RAN4;
· Semi-persistent, aperiodic, on-demand MGs, details can be up to RAN4;
· 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 (UCI or UL MAC-CE)
Proposal 5: The SRS for positioning priority enhancements is within the WI scope, and should be further studied. 
Proposal 6: Support introducing physical layer priority indication for SRS for positioning.
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