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Introduction
This contribution discusses Rel-17 NR positioning enhancements specifically in positioning for UE in RRC_INACTVE state.

Positioning for UE in RRC_INACTIVE
Timing window for positioning measurement in RRC inactive state
Regarding the positioning measurements in RRC inactive state, the following agreements were made in the previous meeting [1]. 
	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
· [bookmark: _GoBack]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.


Regarding positioning measurement in RRC inactive state, RAN4 sent the related LS (in R4-2202687) that asks about whether the PRS processing window be also applied for PRS measurements in RRC_INACTIVE state or not. Regarding the issue, RAN1 has not been discussed about the window that also can be used for RRC inactive state yet. Without introducing a measurement window in RRC inactive state, gNB needs to transmit all of PRS configured by configuration and the PRS resources cannot be used for other DL signals/channels as shown in figure 1. Furthermore, either the longer periodicity is set or the larger value of repetition factor is configured, the more power is consumed. It would cause negative consequences in terms of resource utilization and power consumption at gNB. Considering this fact, we think that a specific measurement window like a PRS processing window should be considered in RRC inactive state.
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Figure 1 An illustrative example of PRS reception at UEs in RRC inactive state. 
Observation #1: 
· Without introducing a measurement window in RRC inactive state, gNB needs to transmit all of PRS configured by configuration and the PRS resources cannot be used for other DL signals/channels
· Either the longer periodicity is set or the larger value of repetition factor is configured, the more power and resources are consumed. 
In this perspective, we think RAN1 should support introducing a time window where the positioning measurement is fulfilled in RRC inactive state. The Figure 2 describes the behaviour of UE and UE only monitors PRS resource(s) within the time window and then UE enters into sleep mode. 
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Figure 2 An illustrative example of PRS reception within time window at UEs in RRC inactive state. 

Proposal 1: 
· RAN1 should adopt a time window where the positioning measurement is fulfilled for UEs in RRC inactive state.

As we all know, we are pressed for time to discuss details about how to configure the time window even though supporting/introducing a time window is agreed in the perspective of RAN1. The simplest way is reusing the parameters about PRS processing window for RRC connected state. However, when gNB configures PRS processing window (PPW) for the UE, the DRX cycle is totally not considered. Actually, RAN4 is working on the PRS measurement requirements in RRC_INACTIVE state and the following agreement regarding DRX cycle was made in the RAN#4 101bis-e meeting. 
	Agreement
· DRX cycle should be considered in the positioning measurement delay requirements in the RRC_INACTIVE state. 


Considering this fact, RAN1 should consider not only suitable configuration/parameters for RRC inactive state but also different way from the configuration of PRS processing window in RRC connected state. 
Observation #2: 
· Since the DRX cycle is totally not considered when gNB configures PRS processing window (PPW) for the UE, a different way of configuration for the positioning measurement window in RRC inactive state needs to be considered.
Proposal #2: 
· If RAN1 agrees to support positioning measurement window in RRC inactive state, RAN1 should consider not only suitable configuration/parameters considering DRX cycle. 
It seems quite reasonable that allowing UE to monitor PRS when the UE wakes up to monitor either SSB (a) or paging occasions (b) as shown in figure 3. Regarding this, both channels are that UE has to monitors in RRC inactive state. So, starting position of the window could be related to either paging occasion or SSB and then the periodicity follows the DRX cycle. If the way is supported, gNB just only needs to provide the duration of PRS measurement window.
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Figure 3 An illustrative example of PRS reception within time window at UEs in RRC inactive state. 

Even though there is the simplest way like the above description to configure the PRS measurement and save the power consumption and resources, when RAN1 agrees to reuse the parameters for PRS processing window, the additional parameter should be considered in preparation for the case where the configured measurement window is far from either SSB or PO. In order to solve the problem, we think that RAN1 should adopt introducing minimum gap that is used to indicate whether the UE can monitor PRS resources or not as shown in figure 4. That is, the minimum gab is an apparatus that saves the UE power consumption at the UE. 
[image: ]
Figure 4 An illustrative example of PRS reception within time window at UEs in RRC inactive state. 

Proposal #3: 
· If RAN1 agrees to support positioning measurement window in RRC inactive state, RAN1 should consider the following options for configuration of PRS measurement window in RRC inactive state and adopt one of them:
· Option #1: Implicit way
· gNB only needs to provide UE with the duration of PRS measurement window. 
· The measurement window starting position could be related to either paging occasion or SSB and then the periodicity follows the DRX cycle.
· Option #2: Explicit way
· Reuse the parameters for PRS processing window
· Introducing minim gap
· The apparatus that saves the UE power consumption at the UE
· Used to indicate whether the UE can monitor PRS resources or not

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: 

Timing window for positioning measurement in RRC inactive state
Observation #1: 
· Without introducing a measurement window in RRC inactive state, gNB needs to transmit all of PRS configured by configuration and the PRS resources cannot be used for other DL signals/channels
· Either the longer periodicity is set or the larger value of repetition factor is configured, the more power and resources are consumed. 
Proposal 1: 
· RAN1 should adopt a time window where the positioning measurement is fulfilled for UEs in RRC inactive state.
Observation #2: 
· Since the DRX cycle is totally not considered when gNB configures PRS processing window (PPW) for the UE, a different way of configuration for the positioning measurement window in RRC inactive state needs to be considered.
Proposal #2: 
· If RAN1 agrees to support positioning measurement window in RRC inactive state, RAN1 should consider not only suitable configuration/parameters considering DRX cycle. 
Proposal #3: 
· If RAN1 agrees to support positioning measurement window in RRC inactive state, RAN1 should consider the following options for configuration of PRS measurement window in RRC inactive state and adopt one of them:
· Option #1: Implicit way
· gNB only needs to provide UE with the duration of PRS measurement window. 
· The measurement window starting position could be related to either paging occasion or SSB and then the periodicity follows the DRX cycle.
· Option #2: Explicit way
· Reuse the parameters for PRS processing window
· Introducing minim gap
· The apparatus that saves the UE power consumption at the UE
· Used to indicate whether the UE can monitor PRS resources or not
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