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Introduction
[bookmark: _Hlk57059510]In RAN-91 meeting, the work item of NR Positioning enhancements [1] was approved. The detailed specific objectives on latency improvement can be seen as follows:
· 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 RAN1- 106 e-meeting [2], some agreements on latency improvement can be seen as below:
Agreement:
For the purpose of positioning latency reduction, with potential support of a new mechanism of MG request, consider the following options with a decision to be made in RAN1#106b.
· Option. 1: by LMF (via a NRPPa message)
· Option. 2: by UE (via UCI or UL MAC CE)
Agreement:
For the purpose of positioning latency reduction, with potential support a new MG activation and deactivation procedure, consider the following options with a decision to be made in RAN1#106b (and RAN4 to be informed about any decision made)
· Option. 1: DCI
· Option. 2: DL MAC CE
· Option. 3: UE autonomously applies the MG
FFS whether deactivation can be implicit via configurable number of the MG occasions
Working assumption:
Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
· Inside the PRS processing window, subject to the UE determining that DL PRS to be higher priority, support the following UE capabilities: 
· Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside the window. 
· Cap. 1A: The DL signals/channels from all DL CCs (per UE) are affected.
· Cap. 1B: Only the DL signals/channels from a certain band/CC are affected.
· FFS: band or CC
· Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside the window
· A UE shall be able to declare a PRS processing capability outside MG.
· FFS: Details of capability signalling (e.g., per UE or per band, etc.)
· For the purpose of this feature, PRS-related conditions are expected to be specified, with the following to be down-selected:
· Alt. 1: Applicable to serving cell PRS only 
· Alt. 2: Applicable to all PRS under conditions to PRS of non-serving cell.
· Note: When the UE determines higher priority for other DL signals/channels over the PRS measurement/processing, the UE is not expected to measure/process DL PRS which is applicable to all of the above capability options.  
· Further study
· Further details of which other DL signals/channels to be prioritized 
· How the UE determines DL PRS’s priority based on one or more of the following:
· Opt. 1: Based on indication/configuration from serving gNB
· Opt. 2: Other options (e.g., implicit, signalling from LMF, etc)
· Whether UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens
· Prioritization conditions of processing PRS over other DL channels/signals or vice versa.
· Send an LS to RAN2, RAN3 and RAN4 informing them of this working assumption and requesting feedback in case they have concerns.
In this contribution, we focus on latency improvements for both DL and DL+UL positioning method.  
Measurement gap for positioning 
In Rel-16 specification, if the DL PRS resource locates on a BWP which is outside the active DL BWP or with a numerology different from the numerology of the active DL BWP, the UE is not able to measure such PRS resource unless measurement gap is configured. While in current specification, the measurement gap appears with periodicity value from 20ms to 160ms, and with gap length value from 1.5ms to 6ms. And during measurement gap, the UE can only perform measurement of PRS, the data transmission or reception on the active BWP must be interrupted. Such data interruption and latency cannot be tolerable for some service. But performing PRS measurement within active DL BWP may decrease the positioning accuracy because of the narrow bandwidth. In this section, we will discuss on enhancement to reduce latency related to measurement gap.
On-demand measurement gap
In order to reduce the positioning latency, with potential support of a new mechanism of MG request, two options were agreed to be considered in RAN1-106 e-meeting. Option 1 is to request MG by LMF, and Option 2 is to request MG by UE. From our point of view, it is UE that has the knowledge of existed MG and the configured PRS resource, based on such information, UE can decide whether new MG is needed or not. Thus we support Option 2 at least. While for Option 1, MG request by LMF is also fine to us. For example, LMF provides the PRS resource of other gNBs to serving gNB or LMF recommend a MG pattern to serving gNB directly considering PRS resource of all gNBs.  
Proposal 1: Support MG request by both LMF and UE.
Currently the measurement gap can only be configured by RRC signaling and the measurement time appears periodically. In order to reduce the latency, MAC CE or DCI can be used to trigger the on-demand measurement gap. For example, the configuration parameter set(s) are configured through RRC signaling and one of them will be activated or indicated by MAC CE or DCI. As for DCI, paging can be reused as well as DCI format for PUSCH allocation. And the same DCI for PUSCH allocation can be used to indicate the PUSCH resource for measurement report. In order to support the flexibility and reduce the signaling overhead, we suggest to use the CSI report like mechanism, which means to associate a state ID with a PRS configuration, a measurement gap configuration and a PRS measurement report configuration, and MAC CE or DCI can activate/deactivate or triggering the PRS measurement and measurement report by indicating a state ID.
Proposal 2: Support triggering of on-demand measurement gap by MAC CE or DCI.
Proposal 3: Suggest to associate a state ID with a PRS configuration, a measurement gap configuration and a PRS measurement report configuration, and MAC CE or DCI can activate/deactivate or trigger the PRS measurement report by indicating a state ID.
PRS measurement outside the MG 
During the measurement gap, the data transmission or reception on the active BWP must be interrupted. And with the MG configuration, gNB and UE have same understanding that during MG, UE will not receive other DL channels/signals. But RRC signaling is necessary to configure MG, which introduce long latency. In order to solve this problem, PRS measurement outside MG is proposed.
There is a working assumption that PRS measurement outside the MG within a PRS processing window will be supported subject to UE capability. And during the PRS processing window, PRS prioritize over all other DL signals /channels in all symbols or only in the PRS symbols inside the window. Anyway, the DL channels/signals will be impacted. The problem is that how does gNB know which DL channels/signals are impacted by PRS processing window. It means that how to let gNB know the time allocation of PRS processing window. From our point of view, when LMF configures the PRS resource to the UE, it can indicate the PRS resource with high priority to the serving gNB and then serving gNB determines the PRS processing time and indicate it to the UE. Or LMF indicates the PRS processing window directly to the gNB and UE. In order for the latency reduction, LMF determines the PRS processing window and indicate it to the gNB and UE directly is slightly preferred. But considering the knowledge of QoS of service for the UE, it is more reasonable for gNB to determine the priority of the PRS during the PRS processing window.
Proposal 4: Support LMF or serving gNB to indicate the high priority PRS during the PRS processing window to the UE.
Panel specific measurement gap
For UE with more than one panel, it is able to perform data reception and PRS measurement by different UE panels. And different panel works on different DL BWP. In this case, if two BWPs related to a same CC, it need to configure one or two active DL BWPs for a UE on a same CC. if two BWPs related to different CC, there is only one active DL BWP on each CC. If two active DL BWPs on a CC are configured, the DL BWP for data reception is the primary active DL BWP and the PRS BWP is the secondary active BWP. It is necessary to specify the configuration of two active BWPs. With these methods, the PRS can be transmitted/received by different panel with the service data. But the disadvantage is that the panel for data reception cannot be used for PRS measurement at the same time.
Proposal 5: Consider of simultaneous reception of PRS and data by different panel for MPUE by panel specific measurement gap.  
Priority definition for PRS 
Dynamically switching between data BWP and positioning BWP can reduce the interruption time, But the disadvantage of BWP switching for positioning measurement is that UE need to monitor the larger bandwidth of positioning BWP even at the time of no PRS transmission, which will introduce high power consumption. In addition, if there is only a small data for that UE, some resource waste will be introduced since the granularity of frequency domain resource assignment is much larger with large BWP size. And for panel specific measurement gap, it can only be used for MPUE. It means that for UE with high capability, it can simultaneously support data BWP and positioning BWP with different RF respectively. But for UE with low capability, either data interruption or high power consumption will be experienced. 
In Rel-16, UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE. Considering the latency of positioning measurement and data transmission, it is better to support transmission of PRS and other signals/channels in the same OFDM symbol. Thus it is necessary to define the priority of data and PRS. If the PRS is configured for positioning with short latency, the PRS should indicated as higher priority. Else, the PRS can be indicated as lower priority. If there is resource collision between PRS and other signals/channels, dropping will be performed according to the priority rules.
Proposal 6: The priority of PRS should be differentiated for different latency requirement.
PRS measurement report transmission
After PRS measurement, UE need to report the measurement results. In order to reduce the latency, we suggest that UE sends measurement report to gNB. Because of the higher overhead of the measurement report, it is better to send it by PUSCH. Both configured grant PUSCH and DCI scheduled PUSCH can be supported. For example, periodical PRS measurement report can be sent by configured grant PUSCH. While semi-persistent and aperiodic PRS measurement report can be sent by DCI scheduled PUSCH. And configured grant PUSCH can be triggered by RRC only or RRC+DCI. While for DCI triggered PRS measurement report, the configuration parameters of PRS can be indicated by the same DCI.
Proposal 7: Support PRS measurement report by PUSCH including configured grant PUSCH and dynamic grant PUSCH.
Conclusion
In this contribution, we discussed about latency improvements for both DL and DL+UL positioning method. Based on above discussion, we provide the following proposals.
Proposal 1: Support MG request by both LMF and UE.
Proposal 2: Support triggering of on-demand measurement gap by MAC CE or DCI.
Proposal 3: Suggest to associate a state ID with a PRS configuration, a measurement gap configuration and a PRS measurement report configuration, and MAC CE or DCI can activate/deactivate or trigger the PRS measurement report by indicating a state ID.
Proposal 4: Support LMF to indicate the high priority PRS during the PRS processing window to serving gNB and UE.
Proposal 5: Consider of simultaneous reception of PRS and data by different panel for MPUE by panel specific measurement gap.
Proposal 6: The priority of PRS should be differentiated for different latency requirement.
Proposal 7: Support PRS measurement report by PUSCH including configured grant PUSCH and dynamic grant PUSCH.
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