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Introduction
[bookmark: _Hlk510705081]In Rel-16 native NR positioning support was standardized. At RAN#90 a new WI was approved on enhancements in Rel-17 to positioning [1]. This contribution discusses our views on the enhancements related to latency, NLOS mitigation, on-demand PRS, and Inactive mode positioning. Our companion contribution discusses our others views [2]. The objectives from the WID are    
· 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;
· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]
Discussion  
PRS reception outside of a measurement gap
Now that reception of PRS outside a MG has been agreed there should be some RAN1 discussion on PRS priority and UE behaviour without a MG leads to PRS dropping. In particular if the UE is attempting to receive the PRS outside of a MG but is dropping the PRS multiple times (due to other DL signals and channels) then there should be some fallback mechanism in place to ensure the latency does not explode. One way to ensure this is to define a way for the UE to switch from MG-less to MG-based. For example, if a UE drops X PRS occasions in a row then it should request a MG or switch to MG-based mode. 
Proposal 1: Specify a fallback method for the UE to switch from PRS measurement outside of MG to MG-based if the UE drops enough PRS. 
At RAN1#107 the following agreements were reached for PRS reception outside a MG. 
Agreement(RAN1#107-e)
For the purpose of determining conditions for measuring the PRS outside of a MG, the expected Rx timing difference between the PRS from the non-serving cell and that from the serving cell is determined by expected RSTD and expected RSTD uncertainty in the assistance data.
Send an LS to request RAN4 study and determine the threshold, which is used to be compared against with the Rx timing difference to determine whether the PRS from the non-serving cell satisfy the condition of PRS measurement outside MG.
· Examples for the threshold: CP length, 50% of the OFDM symbol, 1ms
· Other options can also be considered by RAN4
· Note: the requirement on whether UE needs to calculate the expected Rx time difference and/or compare against the threshold is also a part of the study request

Further in TS 38.214, Clause 5.1.6.5 we have the following: 
[The UE is expected to measure the DL PRS outside the measurement gap, subject to UE capability, if the DL PRS is inside the active DL BWP and has the same numerology as the active DL BWP and is within the DL PRS processing window indicated by higher layer parameter [PRSProcessingWindow].] The UE is not expected to measure the DL PRS outside the measurement gap if the received timing difference between PRS from the non-serving cell and that from the serving cell as determined [by assistance data] is larger than a threshold as determined by higher layer parameters nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty.

So one issue left is the determination of the received timing difference between the PRS from the non-serving cell and that from the serving cell. If determined solely based on the assistance data then we feel that the PRS measurement outside of MG feature will not be very useful. The issue is that the granularity of expected-RSTD-uncertainty is pretty high (4*Ts for FR1 ~= 130 ns). Meaning that the value range is fairly large and not easy for the LMF to estimate/control when the UE will receive some PRS outside the MG. Especially when we consider the InF scenario where the UE may be close to many TRPs but the assistance data may give a wider range causing the UE not measure outside the MG for some TRPs.
Observation 1: The Expected RSTD granularity is fairly large and may cause limited numbers of TRPs to be within the threshold for measurement outside of MG. 
In fact a UE may have a much better estimate of the Expected RSTD, and uncertainty, at a given time e.g., based on prior measurements or measurements on other signals. So we propose to take advantage of this fact by allowing the UE to use a local estimate of Expected RSTD to compare against the threshold for measurement outside of MG. This is very similar to the UE being able to make its own selection of reference for RSTD which was supported in Rel-16 already. 
Observation 2: The UE is already already able to use its own estimate for the reference of an RSTD measurement. 
Proposal 2: Enable UE to use local estimate of ExpectedRSTD for comparing the received time difference with the threshold for measurement outside of MG. 
Proposal 3: Adopt the following TP to 38.214: 
The UE is not expected to measure the DL PRS outside the measurement gap if the received timing difference between PRS from the non-serving cell and that from the serving cell as determined [by assistance data] is larger than a threshold as determined by higher layer parameters nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty.
------------------------------------------------Start TP-------------------------------------------------
The UE may use different values of the parameters than the values configured in nr-DL-PRS-ExpectedRSTD and nr-ExpectedRSTD when determining if the received timing difference is larger than a threshold. 
------------------------------------------------End TP-----------------------------------------------------
There was additionally progress at RAN1#107-e on the topic of PRS priority within the PRS processing window with the following agreement reached: 
Agreement(RAN1#107-e)
The following options are supported subject to UE capability for priority handling of PRS when PRS measurement is outside MG.
0. Option 1: UE may indicates support of two priority states.
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
0. State 2: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
0. Option 2: UE may indicate support of three priority states
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
0. State 2: PRS is lower priority than PDCCH and URLLC PDSCH and higher priority than other PDSCH/CSI-RS
0. Note: The URLLC channel corresponds a dynamically scheduled PDSCH whose PUCCH resource for carrying ACK/NAK is marked as high-priority.
0. State 3: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
0. Option 3: UE may indicate support of single priority state
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
Note: SSB is a separate issue.
UEs measuring PRS outside the MG that are capability 2 only prioritized PRS over other DL signals/channels only in the PRS symbols inside the window. For Option 2 of the PRS priority the UE supports 3 states and in state 2 and state 3 the PRS is lower priority than at least URLLC PDSCH. However, for capability 2 and state 2 of option 2 priority the UE behavior seems not fully possible. It is possible that the PDCCH is scheduled in the symbol immediately prior to the PRS transmission. In that case, the UE may not have sufficient time to decode PDCCH, in order to interprete any URLLC PDSCH in the follow-up symbols (especially when K0=0). Hence, the UE may not be fully ready to receive the PRS in the next symbol. 
Observation 3: The UE may not be able to receive the PRS properly outside the MG for capability 2, state 2 of option 2 priority, when a PDCCH is in the symbol prior to the PRS. 
To deal with this the UE may need some buffer between when the PDCCH and the PRS can be received. The UE could drop the PRS within the buffer as one option. 
Proposal 4: Add a buffer between the PDCCH and PRS in some cases of UE measurement of PRS outside the MG (e.g., for capability 2, state 2 of option 2 priority). 
In addition, potential PDSCH region should be considered especially for state 2 of option 2. Regardless of whether there are configured PRS resources on the PDCCH symbol, the UE may receive the PDCCH using a proper Rx beam based on the configured QCL-D. However, from the last symbol of the PDCCH to the time the UE decodes the DCI, there is no way for the UE to know if there is actual PDSCH or not, and these are potential PDSCH regions. If there are configured PRS resources in this potential PDSCH region, the UE behavior is unclear if it needs to try to receive and buffer the potential PDSCH, or try to measure PRS resources. If the UE had prioritized potential PDSCH over PRS and dropped the PRS but there was no actual PDSCH, it violates the current prioritization rule. Thus, we need to define UE reception behavior in a potential PDSCH region as an exceptional case, and this may not be an issue only for state 2 of option 2.  The UEs supporting enough simultaneous reception beam wouldn't be a problem, but spec also should clearly support UE being able to use a single simultaneous Rx beam.
Observation 4: If there are configured PRS resources in this potential PDSCH region, the UE Rx beam decision is unclear if it needs to try to receive and buffer the potential PDSCH, or try to measure PRS resources.
To address this issue, we need to clarify which QCL type-D assumption the UE should use in the potential PDSCH region. From our perspective, missing PDSCH data might be a more critical impact than missing PRS measurements but the UE still try to measure the PRS resources, so the UE should use the proper QCL-D configuration to receive and buffer PDSCH using 
Proposal 5: Within the PRS processing window, UE follows configured TCI in a CORESET providing QCL type-D in a potential PDSCH region (during N symbols (e.g., timeDurationForQCL) from the last symbol of PDCCH) for the PRS measurement outside the MG at least for state 2 of option 2 of capability 2.
PRS measurement in RRC_INACTIVE
In RAN1 #107e meeting, RAN1 agreed to support DL PRS processing for both outside and inside of the initial BWP of the RRC_INACTIVE state UEs. Also, SRS resource configuration is allowed for both outside and inside of the initial UL BWP.
Agreement
For UE in RRC_INACTIVE state can support DL PRS processing outside and inside of the initial DL BWP:
· For DL PRS processing outside of the initial DL BWP, the SCS, CP type of DL PRS can be the same or different as for the initial DL BWP
· For DL PRS processing inside of the initial DL BWP, the SCS, CP type of DL PRS is the same as for the initial DL BWP.
· Potential impact of retuning time and expected RSTD assistance information on DL PRS reception performance is up to RAN4
· UE capability(ies) will be defined for DL PRS processing in RRC_INACTIVE state
· details are FFS
· Send an LS to RAN4 on agreed by RAN1 UE behavior for reception of DL PRS in RRC INACTIVE state
Agreement
1. The following options are supported for SRS for positioning transmission by RRC_INACTIVE UEs:
0. Option 1:
0. Subject to UE capability (which is a prerequisite for option 2), a UE may be configured with an SRS for Positioning associated with the initial UL BWP and transmitted, during the RRC_INACTIVE state, inside the initial UL BWP with the same CP and SCS as configured for initial UL BWP.
0. Option 2:
1. Subject to UE capability, a UE may be configured with an SRS for Positioning where the following parameters are additionally configured for the transmission of the SRS for Positioning during the RRC_INACTIVE state: frequency location and bandwidth, SCS, CP length. 
0. The UE shall not transmit the SRS for Positioning when it is expected to perform UL transmissions in the initial UL BWP in RRC_INACTIVE state.
1. RAN1 assumes that 
1. SRS for positioning for UEs in RRC_INACTIVE state is configured using the SRS-PosResourceSet IE
1. Send LS to RAN2 to define signaling for SRS for positioning configuration for RRC_INACTIVE UEs
Agreement
· Send reply to LS from RAN4 WG (cc to RAN2) clarifying that
· From RAN1 perspective, PRS processing window defined for PRS measurements outside measurement gap is not supported in RRC_INACTIVE state in Rel-17

The PRS processing window has been introduced to support PRS processing outside of measurement gap, so it might not be proper to directly reuse the current PRS processing window. 
RAN1 decided to support PRS measurement and SRS transmission for both outside and inside of the initial BWP for RRC_INACTIVE state. The UE needs to measure PRS outside the initial BWP to provide high positioning accuracy since the initial BWP size might not be enough to obtain accurate timing measurement. For PRS measurement ourside the BWP of RRC_CONNECTED state, MG configuration guarantees UE RF switching time and the UE does not need to consider serving cell signals, while there is no MG in RRC_INACTIVE state.
Based on the current agreements, it is unclear when the UE should measure PRS resources outside the initial BWP. PRS configuration does not depend on the BWP, and PRS transmission has broadcasting characteristics for multiple UEs from multiple TRPs. In addition, the LMF has no information about RRC state and BWP.
The UE needs to be indicated if it should measure outside the initial BWP or not. It should be noted that MG configuration is not possible for RRC_INACTIVE state. 
Observation 5: For RRC_INACTIVE state UE, it is unclear when the UE should measure PRS resources outside the initial BWP. 
In addition, PRS measurement has always the lowest priority than reception of other DL signals, and similarly, transmission of SRS for positioning resource has the lowest priority. It implies that the UE needs RF switching whenever it meets other DL and/or UL signals while the UE is measuring PRS and/or transmitting SRS outside the initial BWP. if the UE always needs this RF switching behavior for positioning in RRC_INACTIVE mode, it would not be appropriate for UE power saving intention by keeping UE in RRC_INACTIVE state.
Observation 6: The UE needs RF switching whenever it meets other DL and/or UL signals while the UE is measuring PRS and transmitting SRS outside the initial BWP, and it is not aligned with the intention of RRC_INACTIVE state for power saving.
Proposal 6: For PRS measurement/processing of RRC_INACTIVE statue UEs, support the following:
· Network can indicate to UE if it should measure PRS resources outside the initial BWP or not
· Network can indicate to UE if it should listen to serving cell DL signals or not within a certain time duration of when it is measuring PRS resources outside the initial BWP 
On-demand PRS
The concept of on-demand PRS refers to the ability of the network to dynamically configure PRS resource when and where needed, which is in contrast to LTE PRS configuration where the resource allocation to PRS is static. On-demand PRS can either be initiated by the LMF or the UE, cases which are referred to as LMF-initiated and UE-initiated on-demand PRS, respectively.
The benefits of on-demand PRS are primarily related to enhanced network efficiency owing to the targeted PRS transmissions and thus the minimization of unused PRS resources. In addition, on-demand PRS promises latency reduction compared to legacy PRS schemes, which stems from a) the transmission of PRS right upon request instead of fixed periodic fashion; b) the minimization of latency caused by beam-sweeping across all beam directions, since with on-demand PRS only a limited set of beams is sweeped and thus the waiting time between two consecutive PRS transmissions from the same beam is minimized. Moreover, on-demand PRS offers enhanced accuracy since it allows the network to dynamically increase certain PRS configuration parameters which lead to an accuracy enhancement upon request. The ensuing subsection elaborates on such PRS configuration parameters that we are considering.
As we mentioned above, one of benefits of the support of on-demand PRS functionality is network efficiency and latency reduction as the network would try to provide a target PRS that the UE needs. However, based on the current agreed parameter, the LMF may not be able to provide the desired PRS as the LMF has no knowledge about which PRS resource could be received without MG configuration.
The target PRS transmission by on-demand PRS request should consider the UE's preference on MG-less mode or MG-based mode. If the UE needs to keep receiving the data, but if it needs switching over to MG-mode to receive the target PRSs by UE/LMF-initiated on-demand request, the UE may try to repeatedly request another PRS transmission to receive it without MG configuration. Consequently, it may lead to unnecessary latency and resource inefficiency. Thus, the UE needs to send MG-less processing indicator to inform LMF that it can receive a PRS in MG-less mode and another PRS in MG-based mode at least for the preconfigured PRS. 
Proposal 7: RAN1 to support PRS processing outside of MG indicator as an additional parameter for UE-initiated on-demand DL PRS request.
Measurement gap enhancements
The UE is now able to request a MG activation and deactivation using UL MAC CE. Similarly a DL MAC CE will be introduced to active the PRS processing window (PPW) when the UE is making PRS measurements outside of a MG. What is still unclear is if a UE is allowed to make PRS measurements both inside the MG and outside a MG within one measurement report. RAN1 should discuss if this type of measurement is possible. 
Proposal 8: RAN1 to discuss if a UE should make measurements both inside the MG and outside a MG in the same measurement report. 
If some UE are restricted from making PRS measurement both inside the MG and outside a MG then it is not necessary for the UE to have both the PPW and the MG active. It is wasted overhead if the UE has to request the MG, the gNB needs to activate it, and the gNB needs to deactivate the PPW (and vice versa). One solution is to use an implicit deactivation of the MG (or PPW) when the UE can only make PRS measurement either inside or outside the MG. 
Proposal 9: Consider implicit deactivation of the MG (or PPW) when the UE can only make PRS measurement either inside or outside the MG.
Conclusion
We made the following observations and proposals in this paper:
Proposal 1: Specify a fallback method for the UE to switch from PRS measurement outside of MG to MG-based if the UE drops enough PRS. 
Observation 1: The Expected RSTD granularity is fairly large and may cause limited numbers of TRPs to be within the threshold for measurement outside of MG. 
Observation 2: The UE is already already able to use its own estimate for the reference of an RSTD measurement. 
Proposal 2: Enable UE to use local estimate of ExpectedRSTD for comparing the received time difference with the threshold for measurement outside of MG. 
Proposal 3: Adopt the following TP to 38.214: 
The UE is not expected to measure the DL PRS outside the measurement gap if the received timing difference between PRS from the non-serving cell and that from the serving cell as determined [by assistance data] is larger than a threshold as determined by higher layer parameters nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty.
------------------------------------------------Start TP-------------------------------------------------
The UE may use different values of the parameters than the values configured in nr-DL-PRS-ExpectedRSTD and nr-ExpectedRSTD when determining if the received timing difference is larger than a threshold. 
------------------------------------------------End TP-----------------------------------------------------
Observation 3: The UE may not be able to receive the PRS properly outside the MG for capability 2, state 2 of option 2 priority, when a PDCCH is in the symbol prior to the PRS. 
Proposal 4: Add a buffer between the PDCCH and PRS in some cases of UE measurement of PRS outside the MG (e.g., for capability 2, state 2 of option 2 priority). 
Observation 4: If there are configured PRS resources in this potential PDSCH region, the UE Rx beam decision is unclear if it needs to try to receive and buffer the potential PDSCH, or try to measure PRS resources.
Proposal 5: Within the PRS processing window, UE follows configured TCI in a CORESET providing QCL type-D in a potential PDSCH region (during N symbols (e.g., timeDurationForQCL) from the last symbol of PDCCH) for the PRS measurement outside the MG at least for state 2 of option 2 of capability 2.
Observation 5: For RRC_INACTIVE state UE, it is unclear when the UE should measure PRS resources outside the initial BWP. 
Observation 6: The UE needs RF switching whenever it meets other DL and/or UL signals while the UE is measuring PRS and transmitting SRS outside the initial BWP, and it is not aligned with the intention of RRC_INACTIVE state for power saving.
Proposal 6: For PRS measurement/processing of RRC_INACTIVE statue UEs, support the following:
· Network can indicate to UE if it should measure PRS resources outside the initial BWP or not
· Network can indicate to UE if it should listen to serving cell DL signals or not within a certain time duration of when it is measuring PRS resources outside the initial BWP

Proposal 7: RAN1 to support PRS processing outside of MG indicator as an additional parameter for UE-initiated on-demand DL PRS request.
Proposal 8: RAN1 to discuss if a UE should make measurements both inside the MG and outside a MG in the same measurement report. 
Proposal 9: Consider implicit deactivation of the MG (or PPW) when the UE can only make PRS measurement either inside or outside the MG.
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