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Introduction
This contribution discusses Rel-17 NR positioning enhancements specifically in positioning for UE in RRC_INACTVE, on-demand PRS, and other enhancements for latency reduction.

Positioning for UE in RRC_INACTIVE
RAN2 has discussed the positioning in RRC_INACTIVE and followings were made in the previous RAN2#114-e meeting.
	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.
 


According to the above agreements, it is shown that some messages such as LCS, LPP message and RRC message can be provided for UE in RRC_INACTIVE. Hence, it is expected that UE in RRC_INACTIVE may operate measurement using configured PRS. At the same time, the UE in RRC_INACTIVE wakes up periodically for power saving. The measurement time duration for the UE in RRC_INACTIVE is not defined clearly. Therefore, it should be discussed when UE in RRC_INACTIVE can perform positioning measurement. In that sense, following three cases can be considered: 
· Allowing UE to measure PRS within active time.
· Allowing UE to measure PRS within inactive time
· Allowing UE to measure PRS regardless of in/active time

Proposal #1: 
· Study measurement time duration for supporting positioning measurement of UE in RRC_INACTIVE. For examples, following options could be considered for PRS measurement.
· Allowing UE to measure PRS within active time.
· Allowing UE to measure PRS within inactive time
· Allowing UE to measure PRS regardless of in/active time

In addition to UE in RRC_INACTIVE initiated positioning, the network initiated positioning measurements can be discussed. If network initiated positioning measurement is supported, RAN 1 can discuss which DL channel is used for the transmission of information from LMF to UE. For example, from the RAN1’s perspective, paging PDCCH (e.g., message in DCI for paging) can be considered as one of options for indicating whether the positioning related message is delivered.

Proposal #2: 
· If network initiated positioning measurement is supported, RAN 1 can discuss which DL channel is used for the transmission of information from LMF to UE. 
· Paging PDCCH (esp., message in DCI for paging) can be considered as one of options for indicating whether the positioning related message is delivered.

On-demand PRS
RAN2 discussed the support of on-demand PRS and following agreements were made in the RAN2#114-e meeting. 
	Agreements: 
· 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.)


According to the above RAN2 agreement, it is noticed that UE is allowed to request predefined PRS configurations by selecting “one”. From RAN1’s perspective, it needs to be discussed how to support requesting mechanism when UE select one among predefined PRS configurations. If requesting mechanism is needed, it can be considered to use uplink channel (e.g., PUCCH, RACH) as a candidate for UE to request a one among predefined PRS configurations. 

Proposal #3: 
· For supporting on-demand PRS, RAN1 can discuss how UE to request one among predefined PRS configurations. If requesting mechanism is needed, it can be considered to use uplink channel (e.g., PUCCH, RACH) as a candidate. 

Meanwhile, RAN2 requested RAN1 to provide the list of parameters for on-demand DL-PRS. In this regard, RAN1 discussed on the parameters and the related parameters were agreed as follow:  

	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)
1. Start/end time of DL PRS transmission
2. DL PRS resource bandwidth
3. DL-PRS resource set IDs
4. DL PRS resource IDs
5. DL PRS transmission periodicity and offset
6. DL PRS resource repetition factor
7. Number of DL PRS symbols per DL PRS resource
8. DL PRS muting patterns
9. DL PRS QCL information
10. Number of TRPs
11. Number of PRS resources per PRS resource set
12. Number frequency layers or frequency layer indicator
13. Beam directions 
14. Combsize, start PRB, Point A of DL PRS
15. ON/OFF indicator of the DL PRS
FFS additional parameters indicated for UE and/or LMF initiated on-demand DL PRS request



In addition to above agreed parameters, the parameters related to measurement reporting can be included. For example, if the CG-based PUSCH is supported for the measurement report, the information regarding triggering/activation also can be included. 

Proposal #4: 
· The parameters related to measurement reporting can be included additionally. 
· For example, if the CG-based PUSCH is supported for the measurement report, the information regarding triggering/activation also can be included.

Other enhancements for latency reduction 
AP/SP PRS
The support of AP/SP PRS would be beneficial for latency reduction, but it is questionable that the measurement accuracy/ quality of AP PRS could be guaranteed or not. In addition, for DL-TDOA and Multi-RTT techniques, PRSs transmitted from more than three TRPs should be triggered. To support AP PRS, several points need to be considered as follows.
· PRS configuration structure: PRS is hierarchically configured with the frequency layer(s), TRP(s), PRS resource set(s), and PRS resource(s). If the gNB triggers a specific PRS resource, the frequency layer, TRP, and PRS resource set need to be indicated.
· Triggering with reporting or PRS transmission: If the UE needs to report positioning measurements, AP PRS can be triggered with AP PRS reporting.

SFN PRS with Cyclic shift
In our view, it is essential to reduce the latency while ensuring accuracy performance above a certain level. The UE needs to obtain PRS measurement transmitted from many TRPs in one symbol. However, the UE’s DL PRS processing capability is limited, so it should also be considered.
SFN PRS with cyclic shift would be a good approach especially for the InF scenarios, since the propagation delay is about 1 us even in a huge industrial hall of length 30 m. A common PRS sequence applied with intentional time-domain delays can be used to detect TOA(s) from multiple gNBs/TPs, which is beneficial to the UE complexity since it only requires a single cross-correlation computation. Furthermore, by this approach, the orthogonal transmission of more than 12 TRPs is possible in a single symbol, so the UE can attain measurements for a lot of TRPs with low latency and low complexity.
More specifically, if multiple gNBs/TPs transmit a common PRS sequence with different delays and those delay information is known to the UE(s), the UE(s) can detect the ToA(s) for the PRS transmitted from each gNB/TP. It can be considered that the cyclic shifted version of a common sequence based on the current sequence and orthogonal sequence.
Proposal #5:
· NR should consider cyclic shift based SFN transmission of PRS.
· Study on benefit of the simultaneous transmission of a common PRS sequence with different intentional cyclic time-domain delays.

In consideration of the physical layer latency, 1-symbol PRS resource needs to be introduced in Rel-17 NR positioning, and the coverage of 1-symbol PRS resource could be enough for the InF scenarios since the distance between a TRP and a UE is not far. For example, the size of small hall is 120m x 60m, and ISD is 20 m.
Proposal #6:
· Support 1-symbol PRS resource for Rel-17 NR positioning.

Conclusion
In this contribution, we discussed positioning for positioning for UE in RRC_INACTVE, on-demand PRS, and other enhancements for latency reduction, and our proposals are summarized below: 

Positioning for UE in RRC_INACTIVE
Proposal #1: 
· Study measurement time duration for supporting positioning measurement of UE in RRC_INACTIVE. For examples, following options could be considered for PRS measurement.
· Allowing UE to measure PRS within active time.
· Allowing UE to measure PRS within inactive time
· Allowing UE to measure PRS regardless of in/active time
Proposal #2: 
· If network initiated positioning measurement is supported, RAN 1 can discuss which DL channel is used for the transmission of information from LMF to UE. 
· Paging PDCCH (esp., message in DCI for paging) can be considered as one of options for indicating whether the positioning related message is delivered.

On-demand PRS
Proposal #3: 
· For supporting on-demand PRS, RAN1 can discuss how UE to request one among predefined PRS configurations. If requesting mechanism is needed, it can be considered to use uplink channel (e.g., PUCCH, RACH) as a candidate. 
Proposal #4: 
· The parameters related to measurement reporting can be included additionally. 
· For example, if the CG-based PUSCH is supported for the measurement report, the information regarding triggering/activation also can be included.

SFN PRS with Cyclic shift
Proposal #5:
· NR should consider cyclic shift based SFN transmission of PRS.
· Study on benefit of the simultaneous transmission of a common PRS sequence with different intentional cyclic time-domain delays.
Proposal #6:
· Support 1-symbol PRS resource for Rel-17 NR positioning.
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