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Introduction
At RAN1#106bis-e meeting, a number of agreements were achieved related to latency reduction for NR positioning [1]. This contribution further discusses the remaining issues on latency reduction for NR positioning, e.g., DL PRS measurement outside measurement gaps (MGs), MG enhancement, UE PRS processing capabilities and reception of AP-PRS and SP-PRS.
Latency reduction on DL PRS measurement outside MG
 In RAN1#106bis-e meeting, the following agreements were made [1]:
	Agreement:
For PRS measurement outside MG, support the following Alt. 2 in the working assumption made in RAN1#106-e with the following update of the PRS cell condition.
· Alt. 2: Applicable to all PRS (serving and/or non-serving cell) under conditions to PRS of non-serving cell.
· The conditions at least include that the Rx timing difference between PRS from the non-serving cell and that from the serving cell is within a threshold
· The UE is not expected to determine whether the above condition is satisfied by performing measurements and instead can be determined using assistance data
· FFS: Rx timing difference between PRS from the non-serving cell and that from the serving cell is determined by the expected RSTD and expected RSTD uncertainty.
· Further discuss the necessity on the following additional conditions
· When the PRS is higher priority than other channels/signals, for capability 1A and 1B, the PRS from the non-serving cell have to be inside the PRS prioritization window.
· When the PRS is higher priority than other channels/signals, for capability 2, the PRS from the non-serving cell have to be in the same symbols as the PRS of the serving cell since the serving cell does not know the symbol position of neighbour cell PRS.

Agreement:
· With regards to UE determining the PRS priority with other DL signal/channels within the PRS processing window for PRS measurement outside MG, support the priority indicated by gNB.
· FFS: What are the other DL signals/channels
· With regards to the PRS processing window for PRS measurement outside MG, at least support the window indicated by gNB.


For the first FFS in the first agreement on the issue of Rx timing difference between PRS from the non-serving cell and that from the serving cell is determined by the expected RSTD and expected RSTD uncertainty, the method is feasible in our opinion.
As shown in Figure 1, expectedRSTD is defined as the time difference with respect to the received DL subframe timings associated with the different TRPs the target device is expected to measure, and expected RSTD uncertainty represents the DL PRS search window. According to TS37.355 [3], the resolution of nr-DL-PRS-ExpectedRSTD is 4Ts, and the resolution of nr-DL-PRS-ExpectedRSTD is Ts if all PRS resources are in frequency range 2 (FR2), and 4Ts otherwise, with Ts=1/(15000*2048) seconds. Under the condition that sum of expectedRSTD and expected RSTD uncertainty divided by 2 is no larger than the duration of CP, the method has benefit in latency reduction as all PRSs from non-serving cells and from the serving cell can be processed with single IFFT.
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Figure 1: Illustration of expected RSTD and expected RSTD uncertainty
Proposal 1: Support Rx timing difference between PRS from the non-serving cell and that from the serving cell is determined by the expected RSTD and expected RSTD uncertainty.
Discussion on further study of DL PRS’s priority
In our opinion, all DL signals/channels (PDCCH, PDSCH, CSI-RS, PT-RS, and non cell-defined SSB) except for cell-defined SSB can be lower priority than DL PRS, and cell-defined SSB has the highest priority. The reason is that cell-defined SSB is the most important channel for a UE to achieve DL synchronization and access the network when the DL synchronization is lost or link is failed.
Proposal 2: Support the DL PRS has higher priority than other DL signal/channels (e.g. PDCCH, PDSCH, CSI-RS, PT-RS, and non cell-defined SSB, etc.) within the PRS processing window for PRS measurement outside MG indicated by gNB.
Proposal 3: All DL signals/channels (PDCCH, PDSCH, CSI-RS, PT-RS, and non cell-defined SSB) except for cell-defined SSB can have lower priority than DL-PRS, and cell-defined SSB has the highest priority.
Latency reduction with MGs enhancements
In RAN1#106bis-e meeting, the following agreements were made [1]:
	Agreement:
Support the following option (from the agreement made in RAN1#106-e) for a new MG activation procedure to be performed by the gNB for the purpose of positioning.
· Option 2: DL MAC CE
· FFS: Deactivation process

Agreement:
With regards to MG activation by DL MAC CE, further study
· DL MAC CE payload
· The necessity of pre-configuration of MGs in higher layers.



The new MG activation procedure by the DL MAC CE is for very low latency positioning applications. For such kinds of applications, the MG can be deactivated automatically right after the UE has obtained and reported measurements. Introducing a new deactivation process does not help to further reduce the positioning latency. For other cases positioning applications, existing RRC procedures can be used for MG activation and deactivation. Thus, we don’t see the need to introduce new MG activation procedure for minimizing the impact on the specifications and implementation.
[bookmark: P2]Proposal 4: It is not necessary to introduce a deactivation process for a MG activated by DL MAC CE.
UE PRS processing capabilities
For potential modification to the UE PRS processing capabilities on latency reduction, the following alternatives were proposed in RAN1#106bis-e with no conclusion.
	For PRS measurement inside the PRS processing window, consider one of the following processing optimization for latency reduction:
· Alt. 1
· During the first part of the window with duration of at least L-(T-N) msec, up to N msec of PRS symbols are expected to be buffered, where L is the duration of the PRS processing window.
· The UE is expected to be capable of reporting measurements derived on the PRS measured in the first window after T-N msec from the end of first part of the PRS processing window.
· UE is not expected to be configured a PRS processing window with duration smaller than T (i.e. L>T).
· Alt. 2
· During the first part of the window with duration of at least N msec, up to N msec of PRS symbols are expected to be buffered.
· The UE is expected to be capable of reporting measurements derived on the PRS measured in the first window after T-N msec from the end of first part of the PRS processing window.
· FFS: whether it is allowed N+T >= Processing window
· Alt. 3 UE has to report its capability of PRS computation time (Tcompute) 
· A time span (Tspan) is calculated from an end of the latest DL PRS resource in the PRS processing window that is used for a location information report to the end of the PRS processing window 
· The value of Tspan is not expected to be smaller than the PRS computation time (Tcompute) .


In our opinion, Alt.3 is preferred, which seems having smaller latency than Alt. 1 and Alt.2 for the UE to report the measurements.
Proposal 5: For UE PRS processing capabilities on latency reduction, Alt.3 can be supported.
· Alt. 3 UE has to report its capability of PRS computation time (Tcompute) 
· A time span (Tspan) is calculated from an end of the latest DL PRS resource in the PRS processing window that is used for a location information report to the end of the PRS processing window 
· The value of Tspan is not expected to be smaller than the PRS computation time (Tcompute) .
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Latency reduction on reception of AP-PRS and SP-PRS
Rel-16 only supports periodic transmission of DL PRS. The DL PRS can be configured with a short periodicity as minimum as 4ms for supporting location applications of low positioning latency. However, the configuration of the short periodicity 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. Different from the periodic PRS with “always on” mode, aperiodic PRS (AP-PRS) and semi-persistent PRS (SP-PRS) can be transmitted only when there is a need to support DL PRS measurements, which can reduce positioning latency and increase resource utilization.  
In Rel-16, a UE is triggered to measure the DL PRS by LPP message. For Rel-17, there can be at least three ways for supporting reception of the periodic PRS, AP-PRS and SP-PRS receptions as shown in Figure 1: a) Serving gNB sends a DCI to trigger a UE for the reception of AP-PRS; b) Serving gNB sends an MAC CE to trigger a UE for the reception of SP-PRS; and c) LMF sends an LPP message to trigger UE for the reception of 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 2: Three ways for triggering a UE for the reception of AP-PRS and SP-PRS
Compared with DL AP-PRS reception triggered by LMF, DL AP-PRS and DL SP-PRS receptions triggered by serving gNB with DCI or MAC layer signaling have smaller latency 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 PRSs from one or multiple TRPs of the serving 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 belonging to one gNB can be installed to avoid the frequent handovers between gNBs due to UE movement. With single gNB positioning, the serving 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 6: AP-PRS and SP-PRS receptions triggered by serving gNB should be supported at least 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 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 the 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 among LMF, the gNBs and the UE, and also help for latency reduction as DCI or MAC CE are used to trigger the UE for the reception of the DL PRS.
Proposal 7: Support reception of AP-PRS or SP-PRS triggered by DCI or MAC CE for multiple gNB positioning.
Proposal 8: Support reception of AP-PRS or SP-PRS triggered/configured by LMF through LPP message. 
[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discussed the remaining issues related to latency reduction for NR positioning with the following proposals.
Proposal 1: Support Rx timing difference between PRS from the non-serving cell and that from the serving cell is determined by the expected RSTD and expected RSTD uncertainty.
Proposal 2: Support the DL PRS has higher priority than other DL signal/channels (e.g. PDCCH, PDSCH, CSI-RS, PT-RS, and non cell-defined SSB, etc.) within the PRS processing window for PRS measurement outside MG indicated by gNB .
Proposal 3: All DL signals/channels (PDCCH, PDSCH, CSI-RS, PT-RS, and non cell-defined SSB) except for cell-defined SSB can have lower priority than DL-PRS, and cell-defined SSB has the highest priority.
Proposal 4: It is not necessary to introduce a deactivation process.
Proposal 5: For UE PRS processing capabilities on latency reduction, Alt.3 can be supported.
· Alt. 3 UE has to report its capability of PRS computation time (Tcompute) 
· A time span (Tspan) is calculated from an end of the latest DL PRS resource in the PRS processing window that is used for a location information report to the end of the PRS processing window 
· The value of Tspan is not expected to be smaller than the PRS computation time (Tcompute) .
Proposal 6: AP-PRS and SP-PRS receptions triggered by serving gNB should be supported at least for single gNB positioning, in which a UE is informed to measure the DL PRS of the TRPs of the same gNB. 
Proposal 7: Support reception of AP-PRS or SP-PRS triggered by DCI or MAC CE for multiple gNB positioning.
Proposal 8: Support reception of AP-PRS or SP-PRS triggered/configured by LMF through LPP message. 
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