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

Positioning for UE in RRC_INACTIVE
Transmission of SRS for positioning
In the previous meeting [1], it was agreed to consider all of types such as periodic, semi-persistent, aperiodic for SRS in RRC_INACTIVE as shown below: 
	Agreement:
From RAN1 perspective, it is feasible to support transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning under certain validation criteria
· FFS: Type(s) of SRS for positioning (i.e., periodic, semi-persistent, aperiodic)
· FFS: Details of validation criteria which may also be discussed in RAN2
· Send LS to RAN2 informing them of this agreement


We are concerned that periodic SRS transmission by UEs in RRC_INACTIVE state causes more power consumption since UE already consumes its power to monitor paging. Considering the fact, we prefer to support periodic SRS transmission as lower priority than other types (i.e., semi-persistent, aperiodic).
Observation #1: 
· If periodic SRS transmission by UEs in RRC_INACTIVE state is supported, it causes more power consumption for UE since UE already consumes its power to monitor paging.
Proposal #1: 
· RAN1 should support periodic SRS transmission for UEs in RRC_INACTIVE state as lower priority than other types (i.e., semi-persistent, aperiodic).
Nevertheless, if periodic SRS is supported for UEs in RRC_INACTIVE, we think that time window for SRS transmission needs to be required for UE power saving and be defined similar with paging occasion. In this respect, RAN1 should adopt a time window (or occasion) for SRS transmission for UEs in RRC_INACTIVE state when periodic SRS is supported for the UEs in RRC_INACTIVE state.
Proposal #2: 
· RAN1 should support a time window (or occasion) of SRS transmission for UE power saving when periodic SRS is supported for UE in RRC_INACTITVE.
Considering the concern about power consumption, remaining two types of SRS transmission (e.g. semi-persistent, aperiodic) seem more appropriate. In addition, we think that using the fact that UE wakes up for monitoring paging is helpful for power saving as shown in figure 1. If UE can transmit SRS without going to deep sleep after Paging Occasion (PO), UE saves its power to go to sleep and wake up again. So, we think SRS transmission considering DRX cycle and related mechanism (including procedure, signaling) needs to be studied and supported. 
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[bookmark: _Ref61612671]Figure 1 An illustrative example of SRS transmission at UE in RRC inactive state.

Observation #2: 
· If UE can transmit SRS without going to deep sleep after Paging Occasion (PO), UE saves its power to go to sleep and wake up again.
Proposal #3: 
· RAN1 should support SRS transmission considering DRX cycle (including related procedure and signaling).

Reception of PRS for positioning
Regarding DL PRS-RSRP and DL RSTD measurement by UEs in RRC_INACTIVE state, RAN1 has discussed and the following was made in the previous meeting [2].
	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


To discuss about it, RAN1 needs to firstly discuss which DL channel is used for the transmission of NRPP message (such as measurement request). 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 #4: 
· If network initiated positioning measurement is supported for UEs in RRC_INACTIVE state, RAN 1 needs to firstly 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.
If paging is used for NRPP message (such as measurement request) and UE monitors every PRS resources that are in adjacent PO, it causes larger power consumption for UE. In general, the DRX cycle for monitoring paging can be {32, 64, 128, 256} ms (in the case of default), the minimum periodicity of PRS transmission is at least 4 slots. Considering the fact that the DRX cycle is relatively longer than periodicity of PRS, when UE monitors every PRS between adjacent POs, a larger power is required for UE. To prevent the problem, we think that RAN1 also needs to consider some mechanism as described in UL-SRS for DL-PRS. If the information such as window or timer for DL PRS reception by UEs in RRC_INACTIVE state is introduced as shown in Figure 2, we think that it can provide a benefit of UE power saving. So, we think PRS reception considering DRX cycle and related mechanism (including procedure, signaling) should be supported.
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Figure 2 An illustrative example of PRS reception at UEs in RRC inactive state. 

 One such example is that UE always measures PRS within preconfigured duration periodically after every paging occasion. The other example is that UE obtains some information related with window through paging and then UE measure PRSs within the configured window dynamically. Likewise, we think that RAN1 needs to consider PRS reception considering DRX cycle and related mechanism (including procedure, signaling). 

Observation #3: 
· If paging is used for NRPP message (such as measurement request) and UE monitors every PRS resources that are in adjacent PO, it causes larger power consumption for UE.
Proposal #5: 
· Regarding DL positioning for UEs in RRC_INACTIVE state, RAN1 should support PRS reception considering DRX cycle, and the following options can be studied.
· Option 1: UE always measures PRS within preconfigured duration periodically after every paging occasion
· Option 2: UE obtains some information related with time window for DL PRS reception through paging and then UE measure PRSs within the configured window dynamically


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 #6:
· 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 #7:
· Support 1-symbol PRS resource for Rel-17 NR positioning.

Conclusion
In this contribution, we discussed positioning for positioning for UE in RRC_INACTVE and other enhancements for latency reduction, and our proposals are summarized below: 
Transmission of SRS for positioning
Observation #1: 
· If periodic SRS transmission by UEs in RRC_INACTIVE state is supported, it causes more power consumption for UE since UE already consumes its power to monitor paging.
Proposal #1: 
· RAN1 should support periodic SRS transmission for UEs in RRC_INACTIVE state as lower priority than other types (i.e., semi-persistent, aperiodic).
Proposal #2: 
· RAN1 should support a time window (or occasion) of SRS transmission for UE power saving when periodic SRS is supported for UE in RRC_INACTITVE.
Observation #2: 
· If UE can transmit SRS without going to deep sleep after Paging Occasion (PO), UE saves its power to go to sleep and wake up again.
Proposal #3: 
· RAN1 should support SRS transmission considering DRX cycle (including related procedure and signaling).

Reception of PRS for positioning
Proposal #4: 
· If network initiated positioning measurement is supported for UEs in RRC_INACTIVE state, RAN 1 needs to firstly 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.
Observation #3: 
· If paging is used for NRPP message (such as measurement request) and UE monitors every PRS resources that are in adjacent PO, it causes larger power consumption for UE.
Proposal #5: 
· Regarding DL positioning for UEs in RRC_INACTIVE state, RAN1 should support PRS reception considering DRX cycle, and the following options can be studied.
· Option 1: UE always measures PRS within preconfigured duration periodically after every paging occasion
· Option 2: UE obtains some information related with time window for DL PRS reception through paging and then UE measure PRSs within the configured window dynamically

SFN PRS with Cyclic shift
Proposal #6:
· 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 #7:
· Support 1-symbol PRS resource for Rel-17 NR positioning.
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