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Introduction
In the approved new WI for positioning enhancement [1], one important direction is to perform positioning measurements in RRC_INACTIVE state.· [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; 


This contribution discusses the positioning with on-demand DL PRS and positioning in RRC inactive state.
On-demand DL PRS transmission
In RAN1#107-e, the following agreements related to on-demand DL PRS were reached: 
	Agreement
· From RAN1 perspective, for LMF-initiated request of on-demand DL PRS, the following group of on-demand DL PRS parameters is defined and signaled
· per resource set per positioning frequency layer per FR
1. DL PRS Periodicity
2. DL PRS Resource Bandwidth
3. DL PRS Resource Repetition Factor
4. Number of DL PRS Resource Symbols per DL PRS Resource
5. DL-PRS CombSizeN
Two options for indication of DL PRS QCL-Info, either
· Option 1: per resource set per positioning frequency layer per FR
· LMF recommends a list of QCL sources
· Option 2: per resource set per positioning frequency layer per FR
· LMF requests to provide the QCL information in the assistance data in NRPPa
· per FR
· Number of DL PRS frequency layers
· either per resource set per positioning frequency layer or per UE
· Start/end time of DL PRS transmission
· either per resource, or per resource set, or per UE
· ON/OFF indicator (for LMF initiated request only)

Agreement
· From RAN1 perspective, for UE-initiated request of on-demand DL PRS, the following group of on-demand DL PRS parameters is defined and signalled
· per positioning frequency layer per FR
1. DL PRS Periodicity
2. DL PRS Resource Bandwidth
3. DL PRS Resource Repetition Factor
4. Number of DL PRS Resource Symbols per DL PRS Resource
5. DL-PRS CombSizeN
· per FR 
1. Number of DL PRS frequency layers
· per UE
1. Start/end time of DL PRS transmission
Two options for indication of DL PRS QCL-Info, either
· Option 1: per resource set per positioning frequency layer per FR
· UE recommends a list of QCL sources
· Option 2: per resource set per positioning frequency layer per FR
· UE requests to provide the QCL information in the assistance data 


To further satisfied the positioning requirement, on-demand PRS is requested to improve the location accuracy. Based on the agreements in previous meetings, UE can start measuring on-demand PRS at the start time of DL PRS transmission and will stop measuring on-demand PRS at the end time of DL PRS transmission for LMF-initiated/ UE-initiated request of on-demand DL PRS. After UE receiving the end time of DL PRS transmission, the network will stop transmitting on-demand PRS and the PRS configuration will fallback to normal PRS to perform subsequent PRS measurements. It should be noticed that the subsequent PRS measurements could be implemented in the MG or PRS processing window within current PRS measurement period.
The periodicity, bandwidth, repetition factor, number of DL PRS Resource Symbol and PRS CombSizeN of  on-demand PRS can be different from normal PRS. When UE expects to receive normal PRS and on-demand PRS at the same time, the least common multiple of these PRS periodicities can be used to derive the measurement period of PRS measurement.
Proposal 1: After UE receiving the end time of DL PRS transmission, the UE will stop measuring on-demand PRS and the PRS configuration will fallback to normal PRS to perform subsequent PRS measurements.
Proposal 2: When UE expects to receive normal PRS and on-demand PRS at the same time, the least common multiple of these PRS periodicities can be used to derive the measurement period of PRS measurement.
Positioning in RRC_INACTIVE state
Positioning in RRC inactive state can provide flexible positioning at any time without RRC connection setup to save UE power consumption and signalling overhead. For Rel-17 enhanced positioning, the support of positioning in RRC inactive state can be considered as one enhancement direction since it can reduce positioning latency and improve network and device efficiency. While the work to standardize RRC_INACTIVE positioning mostly falls within the RAN2 domain, some aspects such as the configuration of RSs for positioning need to be discussed in RAN1.
In RAN1#107-e, the following agreements related to positioning in RRC inactive state were reached: 
	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
· The following options are supported for SRS for positioning transmission by RRC_INACTIVE UEs:
· Option 1:
· 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.
· Option 2:
· 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. 
· 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.



In RAN1#106b-e, the following agreements related to positioning in RRC inactive state were reached:
	Agreement:
· From RAN1 perspective, in RRC_INACTIVE state, reception of DL PRS has lower priority than other DL signals/channels (SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT)
· FFS how to determine conflicts in DL PRS and other DL signals/channels reception by UE
· FFS how to handle retuning time for the case when DL PRS and other DL signals/channels are allocated in different BW and/or have the same or different SCS as initial DL BWP
Send LS to RAN4 (cc RAN2) and ask if there is any feedback
Agreement:
· For RRC_INACTIVE UEs, SRS for positioning bandwidth, SCS and CP type are configured by RRC and can be different from that of initial UL BWP configured by the system information.



In the LS, RAN4 ask whether the PRS processing window defined for PRS measurements outside measurement gaps can be also applied for PRS measurements in RRC_INACTIVE state?
For the PRS measurement in the RRC_INACTIVE state, we have agreed that the DL PRS has lower priority than other DL signals/channels (SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT). However, since there is no measurement gap or PRS processing window, UE cannot decide when and where it should measure the PRS resources at this circumstance. Considering PRS can only be proceed inside DL SDT, PRS processing window should be also applied for PRS measurements in RRC_INACTIVE state in our view.
Proposal 3: PRS processing window should be also applied for PRS measurements in RRC_INACTIVE state.
Refer to the reception of DL PRS in the RRC_INACTIVE state, UE is not expect to measure DL PRS when the DL PRS collide with other DL signals/channels due to the low priority. When DL PRS and other DL signals/channels are allocated outside and inside of the initial DL BWP with different BW and/or have the same or different SCS as initial DL BWP, the UE need extra time to handle the different parameter configuration and the retuning time. Thus, there should be a gap between DL PRS and other DL signals/channels to prevent conflict. When the gap is less than a threshold reported by UE, UE is not expect to measure DL PRS in this case. In other words, only if the gap between other DL signals/channels and DL PRS is larger than the threshold, UE is expect to measure DL PRS due to the low priority. Furthermore, there must be a case that even though the gap between other DL signals/channels and DL PRS is larger than the threshold in the former, UE is not expect to measure DL PRS due to the smaller gap between DL PRS and other DL signals/channels in the later. That is because once UE switching to measure PRS, it does not have enough time to fallback to receive other DL signals/channels with high priority subject to its capability.
Proposal 4: When the gap between DL PRS and other DL signals/channels is less than a threshold, UE is not expect to measure DL PRS in this case.
Proposal 5: Text proposal for TS38.214  5.1.6.5	PRS reception procedure
*** Unchanged text is omitted ***
The UE in RRC_INACTIVE mode is expected to prioritize the reception of any other DL signal than the reception of DL PRS when the gap between DL PRS and other DL signals/channels is smaller than a threshold.
*** Unchanged text is omitted ***
It is not clear on the UE is expected to perform UL transmissions in the initial UL BWP in RRC_INACTIVE state, for example, if UE is also supporting SDT feature, and it could be regarded as always “expected” to perform UL transmission. Then effectively, it means the UE is never going to use positioning in INACTIVE state. This is not intended for the feature.  In fact, if the gap between UL signal and UL SRS is large enough, e.g., larger than a time needed to processing UL Tx and switching, UE can transmit the SRS for positioning.
Proposal 6: UE can transmit the SRS for positioning if the gap between UL transmission and UL SRS is larger than T subject to UE capability.
Proposal 7: Text proposal for TS38.214 6.2.1.4 UE sounding procedure for positioning purposes
*** Unchanged text is omitted ***
Subject to UE capability, the UE may be configured with an SRS resource for positioning associated with the initial UL BWP, and the SRS resource is transmitted inside the initial UL BWP during RRC_INACTIVE mode with the same CP and numerology as configured for the initial UL BWP. Subject to UE capability, the UE may be configured with an SRS resource for positioning including frequency location and bandwidth, numerology, and CP length for transmission of the SRS in RRC_INACTIVE mode. The UE shall not transmit the SRS for positioning not associated with the initial UL BWP when it is expected to perform UL transmissions when the gap between UL transmission and UL SRS is less than T reported by UE in the initial UL BWP in RRC_INACTIVE mode.
*** Unchanged text is omitted ***
Conclusion
This contribution discusses the accuracy improvements on timing based positioning solutions. Observations and proposals are summarized as follows: 
Proposal 1: After UE receiving the end time of DL PRS transmission, the UE will stop measuring on-demand PRS and the PRS configuration will fallback to normal PRS to perform subsequent PRS measurements.
Proposal 2: When UE expects to receive normal PRS and on-demand PRS at the same time, the least common multiple of these PRS periodicities can be used to derive the measurement period of PRS measurement.
Proposal 3: PRS processing window should be also applied for PRS measurements in RRC_INACTIVE state.
Proposal 4: When the gap between DL PRS and other DL signals/channels is less than a threshold reported by UE, UE is not expect to measure DL PRS in this case.
Proposal 5: Text proposal for TS38.214  5.1.6.5	PRS reception procedure
*** Unchanged text is omitted ***
The UE in RRC_INACTIVE mode is expected to prioritize the reception of any other DL signal than the reception of DL PRS when the gap between DL PRS and other DL signals/channels is less than a threshold.
*** Unchanged text is omitted ***
Proposal 6: UE can transmit the SRS for positioning if the gap between UL transmission and UL SRS is larger than T subject to UE capability.
Proposal 7: Text proposal for TS38.214  6.2.1.4	UE sounding procedure for positioning purposes
*** Unchanged text is omitted ***
Subject to UE capability, the UE may be configured with an SRS resource for positioning associated with the initial UL BWP, and the SRS resource is transmitted inside the initial UL BWP during RRC_INACTIVE mode with the same CP and numerology as configured for the initial UL BWP. Subject to UE capability, the UE may be configured with an SRS resource for positioning including frequency location and bandwidth, numerology, and CP length for transmission of the SRS in RRC_INACTIVE mode. The UE shall not transmit the SRS for positioning not associated with the initial UL BWP when it is expected to perform UL transmissions when the gap between UL transmission and UL SRS is less than T reported by UE in the initial UL BWP in RRC_INACTIVE mode.
*** Unchanged text is omitted ***
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