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Introduction
RAN4#100-e discussed the RRM requirements for PRS measurement in RRC Inactive, and the outcome of the discussions are captured in WF [1]. Based on our understanding, the following issues are to be further discussed:
· Measurement period requirements
· Measurement reporting requirements
· Measurement accuracy requirements 
· Impact to inactive state functions
In this paper we will provide our views on RRM requirements for PRS measurement in RRC Inactive.
Discussion
Measurement period requirements
Scope of the requirements
	Issue 2-1-1 The type of measurement requirements to be specified in RRC_INACTIVE state
Agreements:
At least UE RRM requirements for DL RSTD and DL PRS-RSRP measurements in RRC-INACTIVE state are specified. 


In RAN4#100-e it was agreed to define requirements for inactive state measurement for RSTD and PRS-RSRP, both for DL only positioning method. At the time of RAN4#100-e, support of UL and DL+DL positioning in inactive state has not been agreed in RAN1 and RAN2, so RAN4 has not agreed to define requirements for UE Rx-Tx measurement.
In RAN1#106-e, the following was agreed:
	· 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


In our understanding, UL and DL+DL positioning in inactive state will be supported in Rel-17, so it is nature that RAN4 should also define UE requirements for Rx-Tx measurement in inactive state.
Proposal 1: UE requirements for UE Rx-Tx measurements in inactive state should be specified.
Requirements for multiple PFLs
	FFS: 
· Whether to use the summation-based approach for total frequency layers.


For connected state, requirements for multiple PFLs are defined as the summation of measurement delays of individual PFLs, with the assumption that UE may measure PFLs in sequential manner. In our view, UE measurement behaviour will not differ much between connected and inactive state, so it is reasonable to use the same approach for multiple PFL measurement in inactive state.
Proposal 2: Use the summation based approach for defining measurement period for multiple PFLs.
Measurement capability
	Issue 2-1-3 The UE measurement capability
· Option 1: (Ericsson, Huawei, vivo, CATT, Nokia)
· RAN4 to wait for RAN1 progress regarding UE measurement capability within DL RSTD and PRS-RSRP 
· Option 2: (Qualcomm)
· A new UE capability would be required to support the feature.


All the UE measurement capabilities, including the number of support PLFs, TRS, resources sets and resources, as well as the processing capability {N,T} and N’ are defined by RAN1. Also, RAN1 and RAN2 are discussing whether LMF is aware of UE’s RRC state during a positioning session. It is straightforward that any new UE capability for inactive state measurement, if needed, should be introduced by RAN1 or RAN2, and RAN4 should follow the agreements to define UE requirements.
Proposal 3: Follow RAN1/2 agreement for UE measurement capability for inactive state. 
Measurement interval
	Issue 2-2-1 The factors considered for the measurement requirements in RRC_INACTIVE state
Agreements:
MG is not to be considered in the measurement period requirements in RRC_INACTIVE state.
FFS: 
Further study the following factors and impacts for the measurement requirements in RRC_INACTIVE state: 
· The impact of paging periods.
· Analysis on PRS resource configuration, positioning measurement period and DRX behaviors in the UE RRC_INACTIVE state.
· How to define the measurement interval Teffect.


It was agreed in RAN4#100-e that MG is not to be considered in the requirements for inactive state because UE will not be configured with MG in active state. At the same time, RAN1#106-e has agreed to support MG-less PRS measurement for connected state:
	· Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.


In particular, as highlighted in the above RAN1 working assumption, the MG-less PRS measurement will be performed within a PRS processing window. In our understanding, this PRS processing window is similar as SMTC window for SSB measurement, or CSI-RS measurement window defined for CSI-RS measurement. Technically, this is also reasonable, since UE cannot measure PRS resources distributed anywhere in the time domain, and a localized distribution is preferable from both UE and NW perspective. 
As inactive state measurement is also without MG, it is straightforward to apply the PRS processing window for inactive state, i.e. UE is only required to measure PRS resource occasions within the window. In this way, the PRS processing window plays a rather similar role as MG for PRS measurement, e.g. the definition of PRS resource overlapping with MG can be re-used for PRS resource overlapping with PRS processing window, and  calculation only need to be account for resources within the window. 
Proposal 4: Introduce PRS processing window (as RAN1 agreed for MG-less PRS measurement in connected state) for PRS measurement in inactive state. UE is only required to measure PRS resource occasions within the window.
In connected state requirements, the measurement interval Teffect,i is defined as follows.
	 = 

 is the periodicity of DL PRS resource with muting on positioning frequency layer i.


With PRS processing window acting as MG for inactive state measurement, the MGRP in the definition of Tavailable,i should be replaced by the periodicity of the PRS processing window. 
Another issue discussed in RAN4#100-e is the impact of paging DRX cycle. In RRM requirements, the measurement period is defined based on the assumption that UE performs one measurement per DRX cycle. It is reasonable to re-use the same assumption for PRS measurement. It is noted that the motivation of PRS measurement in inactive state is to enable UE power saving for positioning, and this would not be well realized if the PRS measurement interval is smaller than DRX cycle, and UE has to wake up multiple times per DRX cycle for PRS measurement.
Proposal 5: Tavailable,i for inactive state measurement is defined based on the LCM of Tprs,i, measurement window periodicity and DRX cycle.
Measurement sample number
	FFS: 
· Whether to use the reduced number of samples if it is agreed in Rel-17. 


Based on following RAN1 agreements, PRS measurement based on reduced sample number is subject to UE capability, i.e. some UE may support only the 4-sample measurement as defined in Rel-16.
	Agreement:
M-sample (1<=M<4) PRS processing corresponding to measurements performed within M instances of the DL PRS resource set on a PRS resource, subject to UE capability, is beneficial from a RAN1 perspective for latency reduction.


Although the RAN1 agreement was for connected state, it is straightforward to assume the same for inactive state, as UE should be mandated to support an enhanced requirement in inactive state when it is optional in connected state. Again, the motivation behind inactive state PRS measurement is power saving but not latency reduction. Therefore, measurement requirements for inactive state should be at least defined based on 4-sample.
The next question is whether RAN4 should define measurement requirements for inactive state based on reduced sample number. In our view, this is also feasible considering that the positioning measurement behaviour is similar in the two states, i.e. if UE supports reduced sample number for connected state measurement, it is likely to support it for inactive state. 
Here the question is whether a single capability (on support of measurement based on reduced number of samples) can be used for the two states, or separate capabilities are needed, and we think this should be decided by RAN1. In RAN4 we suggest to define two sets of requirements as in connected state, based on 4-sample and reduced sample number, and the latter are applicable only for UEs that supports reduced sample number for inactive state measurement. 
Proposal 6a: Define two sets of PRS measurement period for inactive state, based on both 4-sample and reduced number of samples respectively. 
Proposal 6b: The requirements based on reduced number of samples apply provided that UE can support reduced number of samples for PRS measurement in inactive state.
CSSF
	FFS: 
· How to define the parameter Kcarrier.


When in inactive satte UE needs to perform RRM measurement for cell reselection, and this would compete measurement resources with PRS measurement. In Rel-16 requirements, the MG sharing is accounted in CSSF and the assumption is that UE can only measure one frequency layer, either RRM frequency layer or PFL, at a time. In our view, it is reasonable to use the same assumption for inactive state measurement.
For RRM requirements in inactive state, the measurement resource sharing is accounted in the scaling factor Kcarrier, which is number of layers configured for cell reselection and/or EMR. For PRS measurement, Kcarrier also needs to account for the additional PFLs. Following the same principle in deriving CSSF in Rel-16, only one PFL needs to be accounted. 
Proposal 7: Replace CSSF with Kcarrier for inactive state measurement requirements, and Kcarrier should take one additional PFL into account. 
State transition 
	FFS: 
Further study the following applicability: 
· Option 1: (Ericsson)
RAN4 to define periodic inactive state positioning measurements and reporting of positioning measurement which involves state transition to connected state from inactive state.


In RAN4#100-e, some companies raised the issue that measurement reporting in active state may cause UE to transition to connected state. In our view, this is a valid issue, but the issue should be considered in measurement period requirements instead of measurement reporting requirements (which we discussed in section 2.2). Also, the state transition can be triggered by other conditions than the measurement report.
As discussed above, there could be some differences between the measurement periods in inactive and connected states, even the measurement behaviour are similar. RAN4 may need to discuss when there is a state transition during the measurement period, what happens to the measurement. This could be similar to the Rel-16 discussion, e.g. when there is HO or TA change during measurement period. In Rel-16, basically two kinds of requirements were assumed, one is that UE continues the measurement but the measurement period could be extended, and the other one is that UE restarts the measurement and the measurement period requirements do not apply. These assumptions could be used as starting point for state transition between inactive and connected state, but other options can be also considered.
Proposal 8: RAN4 to discuss the following options for PRS measurement when RRC state transition occurs during the measurement period:
· Option 1: UE continues the PRS measurement 
· Option 2: UE restarts the PRS measurement 
· Other options not precluded.
Measurement reporting requirements
	Agreements: 
RAN4 wait for the outcomes of other WGs and define the reporting requirements based on the conclusions.


Reporting of positioning measurement results can be one-shot or periodic for connected state, according to 37.355. In our view, all the reporting schemes would be supported for inactive state unless it is otherwise agreed in RAN1 or RAN2. For connected state, RAN4 requirements for general for all reporting schemes, so RAN4 does not need to discuss which reporting schemes are supported in inactive state and which are not.
	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.


RAN2 has agreed that SDT can be used for LPP message transport in inactive state, and UE is also allowed to use legacy method for the reporting, i.e. UE may start RA to get back to connected state. In our view, no matter how the reporting is done, it does not impact the RAN4 requirements for the measurement reporting, which “excludes any delay caused by no UL resources for UE to send the measurement report”.
Proposal 9: Re-use the PRS measurement reporting requirements of connected state for inactive state.
Measurement accuracy requirements 
	Agreements: 
FFS: RAN4 to take connected mode measurement performance requirements for DL RSTD and PRS-RSRP as baseline for inactive state measurement performance requirements. 


We do not think accuracy requirements for inactive state can be re-used from those for connected state, at least not all of them. For example, for RSTD accuracy, there is a margin for frequency drift, and it further depends on the time/frequency error of the UE. The time/frequency tracking for inactive and connected can be different, which may results in different margin for RSTD accuracy.
Considering that the Rel-16 accuracy requirements have not been finalized, and that accuracy requirements are Perf part, we suggest to defer the discussion on PRS measurement accuracy requirements to the Perf part of the WI, and focus on Core part discussion before March 2022.
Proposal 10: Defer the discussion on PRS measurement accuracy requirements to the Perf part.
Impact to inactive state functions
	Agreements: 
RAN4 to discuss impact of positioning measurements on RRC INACTIVE state functions. 
FFS: 
Further study the following applicability: 
· Option 2: (Huawei, Intel)
· Measurement requirements do not apply for a PRS resource if it has instances colliding with paging.


In connected state, PRS measurement is performed is MG, which means it is prioritized over serving cell data. When PRS resources collide with paging or SI occasions in time, it is a question which one should be prioritized, i.e. whether UE should monitor paging/SI or receive PRS. 
In [2] RAN1 informed RAN4 the agreements made in RAN1#106-bis-e: 
	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


Based on the RAN1 agreement, if the PRS resource collides with other DL signals/channels in time, UE should not be required to measure the PRS resource, or in other words, the requirements do not apply for this resource. Otherwise, RAN4 may need to discuss how to define requirements considering PRS resource being punctured by DL signals/channels, which we believe is quite complex work since there are many DL signals/channels to be considered.
Proposal 11: Measurement requirements do not apply for a PRS resource if it has instances colliding with other DL signals/channels.
Conclusions
In this paper we provided our views on RRM requirements for PRS measurement in RRC Inactive.
Proposal 1: UE requirements for UE Rx-Tx measurements in inactive state should be specified.
Proposal 2: Use the summation based approach for defining measurement period for multiple PFLs.
Proposal 3: Follow RAN1/2 agreement for UE measurement capability for inactive state. 
Proposal 4: Introduce PRS processing window (as RAN1 agreed for MG-less PRS measurement in connected state) for PRS measurement in inactive state. UE is only required to measure PRS resource occasions within the window.
Proposal 5: Tavailable,i for inactive state measurement is defined based on the LCM of Tprs,i, measurement window periodicity and DRX cycle.
Proposal 6a: Define two sets of PRS measurement period for inactive state, based on both 4-sample and reduced number of samples respectively. 
Proposal 6b: The requirements based on reduced number of samples apply provided that UE can support reduced number of samples for PRS measurement in inactive state.
Proposal 7: Replace CSSF with Kcarrier for inactive state measurement requirements, and Kcarrier should take one additional PFL into account. 
Proposal 8: RAN4 to discuss the following options for PRS measurement when RRC state transition occurs during the measurement period:
· Option 1: UE continues the PRS measurement 
· Option 2: UE restarts the PRS measurement 
· Other options not precluded.
Proposal 9: Re-use the PRS measurement reporting requirements of connected state for inactive state.
Proposal 10: Defer the discussion on PRS measurement accuracy requirements to the Perf part.
Proposal 11: Measurement requirements do not apply for a PRS resource if it has instances colliding with other DL signals/channels.
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