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[bookmark: OLE_LINK1]Introduction
In RAN#91e meeting, more items were added in the WID for NR positioning [1]. Some items led by RAN1 have been discussed in RAN1#104-e and 104b-e meeting. Meanwhile, some other items led by RAN2 but relevant with RAN1 have also been discussed in RAN2#113b-e meeting, mainly including the fourth and fifth bullets as below, i.e. positioning for UEs in RRC INACTIVE state, and on-demand transmission and reception of DL PRS. 
	· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.

· 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
1 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; 

· Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· The assistance information that will be used to support integrity determination
· The information that will be used to provide the positioning integrity KPIs and integrity results
· Support of integrity for UE-based and UE-assisted A-GNSS positioning.
[bookmark: _Hlk67595233]Note: This objective is applicable to NR and E-UTRA.

· Support the following enhancements of A-GNSS positioning  [RAN2, RAN3, RAN4]
· Specify support for BDS B2a signal
· Specify support for BDS B3I signal
· Specify support for NavIC to NR
Note: This objective is applicable to NR and E-UTRA.

· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

· Discuss and specify new as well as the impact on the existing RAN4 requirements for positioning and other RRM measurements and corresponding procedures [RAN4]

· Define extensions of signalling, protocol and procedure for NR positioning enhancement, as needed [RAN3] 


In this contribution, we provide our views from RAN1 perspective for the bullets led by RAN2 but very relevant with RAN1. 
Positioning in RRC INACTIVE state
1.1 UL/DL+UL positioning
It is well known that support of positioning in RRC_INACTIVE is beneficial to reduce positioning latency and power consumption. Thus, it has been proposed to support all positioning methods in RRC_INACTICE in the case that the time budget is allowed, including UL/DL+UL positioning methods. RAN has agreed that UL and DL+UL NR positioning methods are second priority in the WI, thus it can only be discussed after DL positioning methods. 
In the case that UL/DL+UL positioning methods are supported, SRS should be supported in UE RRC INACTIVE state for UL-TDOA, Multi-RTT and UL-AOA positioning methods as what have been agreed in Rel-16. Some proposals such as using PRACH for UL positioning measurements were mentioned before, however, whether positioning accuracy can be satisfied by lower bandwidth PRACH has never be evaluated. So we don’t think it should be supported hastily. 
Proposal 1: If RAN2 time budget allows, UL/DL+UL positioning can be specified for RRC INACTIVE positioning.
· SRS based approach in RRC INACTIVE should be the only candidate if UL/DL+UL method is supported
As for how to inform positioning SRS configuration for UEs in RRC INACTIVE, we think it will be up to RAN2. For instance, positioning SRS configuration can be carried by DL SDT (small data transmission), e.g. by SDT initial access Message 4 or Message B for the sake of low latency, or by RRCRelease with SuspendConfig, or reuse SRS configuration informed in RRC_CONNECTED state.  
For SRS configuration parameters, we propose to reuse the existing Rel-16 RRC structure to minimize specification effort. 
Specifically, for SRS configuration, if UE is in SDT active period, there may not be much difference from RRC connection state since both DL and UL data/RS transmission is allowed (still pending on SDT discussion led by RAN2). If UE is in SDT INACTIVE period but still in RRC INACTIVE sate, some parameters should be restricted for SRS configuration, e.g. path-loss RS, DL RS in spatial relation should only be SSB rather than CSI-RS. That’s because UE may not measure CSI-RS in SDT INACTIVE period (still in RRC INACTIVE sate).
Proposal 2: Strive to reuse existing Rel-16 RRC structure/parameters for positioning SRS configuration in RRC_INACTIVE
· Only SSB can be configured as a source for path-loss RS and spatial relation if UE is in SDT INACTIVE period (still in RRC INACTIVE sate)
One LS R1-2106411 (R2-2106551) on UL positioning in RRC_INACTIVE has been send from RAN2 to ask RAN1 how positioning SRS can be used. We think the above proposal 1 and 2 can be used to reply RAN2’s LS and reflect RAN1’s views. Then, based on RAN1 feedback, RAN2 can further assess whether it is doable considering the time budget. If time allows, RAN2 can continue working on higher layer signalling design for UL/DL+UL positioning in RRC_INACTIVE as a second priority. Our drafted reply LS can be found in [2].   
Proposal 3: Reply the RAN2 LS (R2-2106551) to clarify RAN1’s recommended solution of using SRS for UL related positioning in RRC INACTIVE. 
· RAN2 can further assess whether it is doable considering the time budget.

1.2 DL positioning
In RAN2#114-e meeting [3], the following agreements were made:
	Agreements:
Any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective. 
Follow Rel-17 SDT framework for INACTIVE UL and DL positioning:
-	If the UE initiated data transmission using UL SDT, the network can send DL LCS, LPP message and RRC message (e.g. to configure SRS (TBD on what message is used), if UL positioning supported) to the UE. 
-	Otherwise, if UE did not initiate UL SDT, rely on legacy operation, i.e. the network shall transition the UE to RRC_CONNECTED, e.g. based on RAN paging. 
 
Agreements:
Exposure of the RRC state of the UE to the LPP layer of the UE for RRC_INACTIVE UL and DL positioning will not be specified.  This does not exclude cross-layer behaviour in implementations.
The RRC state of the UE is not exposed to the LMF for INACTIVE UL and DL positioning.


Depending on whether location service is triggered by LMF or UE, there are mainly two cases for DL positioning method. 
MO-LR or deferred MT-LR
For MO-LR or deferred MT-LR service, UE may initialize the location service or event report, the DL positioning procedure can reuse small data design which is under discussion in RAN2. The general procedure can be shown in Figure 1. 
To minimize specification effort, Rel-16 mechanism with broadcast assistance data request and delivery shown in step 1 and step 2 respectively can be reused. After get assistance data, UE can measure DL PRS accordingly, and then to report measurement results (provide location information) to LMF via small data transmission mechanism as shown in the above agreement made in RAN2. It is noted that step 1 may not be necessary if UE can receive on-going broadcast assistance data. In addition, when UE is RRC INACTIVE state, UE may also receive DL PRS configured in RRC connected state. This could also have small specification impact without requiring step 1 and step 2 in Figure 1.
If UE dedicated assistance data is also supported, UE firstly needs to request dedicated assistance data via SDT, and then receive the dedicated assistance data and further reports measurement results. All three steps are still in RRC INACTIVE state.   
In our view, these procedures seem to be RAN2 issue, there may not be RAN1 discussion needed. 
[image: ]
Figure 1 UE triggers DL positioning procedure
MT-LR or NI-LR
For MT-LR or NI-LR service, network initializes location service, the procedure will be different from Figure 1. The procedures can be classified to two cases:
· Case 1: UE is under SDT active period
In such case, gNB can transmit LPP message and LCS message via DL SDT transmission as shown in above agreement made in RAN2. However, there is no RAN1 specification impact.

· Case 2: UE is in SDT INACTIVE period (still in RRC INACTIVE state)
In such case, the network shall transition the UE to RRC_CONNECTED, e.g. based on RAN paging. The procedure should be the same as Rel-15/16. After that, it will be going to the regular positioning measurement and report in RRC connection state. So there is still no RAN1 specification impact. 
In addition, in last RAN1 meeting, the following agreement was approved [3].
	Agreement:
· NR positioning supports DL PRS-RSRP (section 5.1.28 in the TS 38.215) and DL RSTD (section 5.1.29 in the TS 38.215) measurements by UEs in RRC_INACTIVE state
· FFS additional potential impact on RAN1


In our view, to reduce spec efforts, the DL PRS configuration capabilities, measurement procedures and processing capabilities that have been agreed in RRC CONNECTED state can be reused for UE in RRC INACTIVE state.
Based on the above analysis, we have the following observation, 
Observation 1: For NR DL positioning in RRC INACTIVE state, there is no remaining RAN1 specification impact.

On-demand DL PRS 
During RAN2#114-e meeting, RAN2 discussed the support of on-demand PRS and made the following set of agreements:
	Agreement made in RAN2
- The network can signal predefined PRS configurations to the UE and the UE can select one to request.  FFS if the UE can request a configuration with different parameters and exactly which parameters are flexible.
- Define a new LPP assistance data IE which can contain a set of possible on-demand DL-PRS configurations, where each on-demand DL-PRS configuration has an associated identifier. 
- This new LPP assistance data IE can be included in an LPP Provide Assistance Data message and/or a new posSIB.
- The procedure(s) for on-demand DL-PRS should support at least the following functionality (up to RAN3 what is in NRPPa vs. OAM, etc.):
· Providing the requested on-demand DL-PRS configuration information from an LMF to the gNB (e.g., explicit parameter or identifier of a predefined DL-PRS configuration), and confirmation of the request by the gNB
· Provision of (possible/allowed) on-demand DL-PRS configurations that the gNB can support from a gNB to an LMF
· TRP capability transfer (e.g., whether the RAN node supports the reconfiguration of DL-PRS, etc.)


Subsequently, RAN2 sent an LS R2-2106607 titled as ‘LS to RAN1 on parameters for on-demand PRS’ to request RAN1 defines and specifies parameters for support of on-demand DL-PRS request as needed. 
In the meantime, RAN1 has agreed to further study the following parameters for on-demand PRS [4],
	Agreement:
· For potential signaling of one or more parameters (such signaling is not yet agreed) for both UE- and LMF- initiated on-demand DL PRS request, consider at least the following (all parameters will not necessarily be supported and all parameters may not be applicable to both UE-initiated and LMF-initiated on-demand DL PRS request)
· Start/end time of DL PRS transmission
· DL PRS resource bandwidth
· DL-PRS resource set IDs
· DL PRS resource IDs
· DL PRS transmission periodicity and offset
· DL PRS resource repetition factor
· Number of DL PRS symbols per DL PRS resource
· DL PRS muting patterns
· DL PRS QCL information
· Number of TRPs
· Number of PRS resources per PRS resource set
· Number frequency layers or frequency layer indicator
· Beam directions 
· Combsize, start PRB, Point A of DL PRS
· ON/OFF indicator of the DL PRS
· FFS additional parameters indicated for UE and/or LMF initiated on-demand DL PRS request


From our view, the following parameters should be considered for DL-PRS configuration information of on-demand PRS. 
· Preferred DL PRS transmission time window 
Based on the current DL PRS measurement design, the transmission time of DL PRS may be outside measurement gaps so that UE may not have the chance to measure the corresponding DL PRS. In order to align the transmission time of DL PRS and measurement gaps, one possible way is that LMF can request TRPs/gNBs to transmit preferred DL PRS in an expected time window, then serving gNB and neighbour gNBs can configure and transmit PRS within the recommended time window. Further, serving gNB can configure measurement gap overlapping with the time window. In general, it will facilitate UE to receive DL PRSs from both serving gNB and neighbour gNBs in measurement gap. 
Like property of measurement gap, configuration parameters of the PRS transmission time window recommended by LMF can include window periodicity P, time offset O, and window duration/length L as shown in Figure 3.
[image: ]
Figure 3 LMF/UE request PRS transmission window
On the other hand, UE may also request LMF to configure DL PRS in an expected time window as above. Because UE is aware of its measurement gap configuration, UE can request the preferred PRS transmission time window overlapping with the configured measurement gap. Furthermore, in Rel-16, only periodic PRS is supported which is inflexible from system efficiency perspective since networks need to always transmit PRS even the positioning measurements are not needed sometimes. Thus, we propose to support aperiodic PRS for on-demand DL-PRS transmission. That is, a UE or LMF can request either aperiodic (one-shot or multi-shot PRS) or periodic DL-PRS transmission. Thus, the window parameters can further contain the request number N of transmission window occasions as shown in Figure 3. For instance, N = 3 refers to UE/LMF only requires PRS transmission within 3 window occasions.
Proposal 4: On-demand DL-PRS request should include the preferred transmission time window within which DL PRS is transmitted
· The time window parameters include periodicity, time offset, window length and the number of window occasions


· Parameters for frequency layer configuration
UE or LMF can recommend what kind of frequency layer is preferred for PRS transmission. The parameters should at least include PRS BW, PRS comb size and CP type which have impact on positioning accuracy, measurement observation window, PRS power boosting, etc. 
· Parameters for TRP configuration
· UE or LMF can recommend which TRPs are preferred, and should be included in the on-demand DL-PRS requrest, or can be removed from the measurement TRP list for PRS transmission and measurement, e.g. only TRPs nearby UEs are recommended by LMF or UE for more accuracy positioning and lower PRS overhead. In our view, the parameters dl-PRS-ID, nr-PhysCellID, nr-CellGlobalID, nr-ARFCN-r16 and nr-DL-PRS-Info-r16 under higher layer parameter NR-DL-PRS-AssistanceDataPerTRP should be included to identify a TRP and configure a list of PRS resource sets for the TRP.
· Parameters for PRS resource set configuration and PRS resource configuration
· Beam/QCL configuration
In FR2, one PRS resource may correspond to one beam. So UE or LMF can recommend some preferred beam directions for PRS transmission for the sake of lower PRS overhead and higher transmission efficiency.
· Transmit power 
UE/LMF can also recommend preferring transmit power of PRS resource set for either increasing PRS coverage or network energy saving.   
· PRS resource repetition factor
· Number of PRS symbol
Like as transmit power, UE/LMF can recommend preferring PRS resource repetition factor or the number of PRS symbols for either increasing PRS processing gain or PRS overhead reduction.
· PRS resource set periodicity
For different PRS resource sets, UE/LMF can recommend different periodicity for most flexibility and transmission efficiency. It is noted that this is different with time window proposed in proposal 1. The motivations are different. 
Proposal 5: The following PRS parameters can also be included in the on-demand PRS request by LMF/UE. 
· Parameters for frequency layer configuration including PRS BW, PRS comb size and CP type
· Parameters for TRP configuration including dl-PRS-ID, nr-PhysCellID, nr-CellGlobalID, nr-ARFCN-r16 and nr-DL-PRS-Info-r16
· Parameters for PRS resource and resource set configuration including beam/QCL configuration, transmit power, PRS resource repetition factor, the number of PRS symbols and PRS resource set periodicity

Based on the above proposal 4, we draft a reply LS to RAN2 which can be found in [5]. Furthermore, we think the current hierarchical structure of PRS assistance data IE can be reused for the new LPP assistance data IE which contains a set of possible on-demand DL-PRS configurations. Hence, only limited specification effort is needed. 

Conclusions
In this contribution, we provide our views from RAN1 perspective for DL positioning in RRC INACTIVE state and on-demand DL PRS.
Proposal 1: If RAN2 time budget allows, UL/DL+UL positioning can be specified for RRC INACTIVE positioning.
· SRS based approach in RRC INACTIVE should be the only candidate if UL/DL+UL method is supported
Proposal 2: Strive to reuse existing Rel-16 RRC structure/parameters for positioning SRS configuration in RRC_INACTIVE
· Only SSB can be configured as a source for path-loss RS and spatial relation if UE is in SDT INACTIVE period (still in RRC INACTIVE sate)

Proposal 3: Reply the RAN2 LS (R2-2106551) to clarify RAN1’s recommended solution of using SRS for UL related positioning in RRC INACTIVE. 
· RAN2 can further assess whether it is doable considering the time budget.
Observation 1: For NR DL positioning in RRC INACTIVE state, there is no remaining RAN1 specification impact.

[bookmark: _GoBack]Proposal 4: On-demand DL-PRS request should include the preferred transmission time window within which DL PRS is transmitted
· The time window parameters include periodicity, time offset, window length and the number of window occasions

Proposal 5: The following PRS parameters can also be included in the on-demand PRS request by LMF/UE. 
· Parameters for frequency layer configuration including PRS BW, PRS comb size and CP type
· Parameters for TRP configuration including dl-PRS-ID, nr-PhysCellID, nr-CellGlobalID, nr-ARFCN-r16 and nr-DL-PRS-Info-r16
· Parameters for PRS resource and resource set configuration including beam/QCL configuration, transmit power, PRS resource repetition factor, the number of PRS symbols and PRS resource set periodicity
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