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Introduction
RRM requirements for PRS measurement in RRC_INACTIVE were discussed in RAN4#101-bis-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Requirement applicability
· RRC state transition
· Cell change
· PRS collision with other DL signals/channels
· SRS related requirements
· Measurement period requirements
· Number of samples
· Tavailable_PRS,i 
· Teffct,i 
· Kcarrier 
In this paper we will provide our views on the above open issues for PRS measurement in RRC_INACTIVE.
Discussion
Requirement applicability
RRC state transition
	Issue 2-2-2 The PRS measurement requirements applicability in RRC_INACTIVE state regarding state transition. 
Candidate options:
· Option 1: (CATT, vivo, OPPO)
· RAN4 deprioritize the discussion for PRS measurement requirements when RRC state transition occurs during the measurement period and focus on the baseline requirements in RRC_INACTIVE state.
· Option 2: (Intel, Huawei, Ericsson, OPPO, Nokia)
· If there is status transition (e.g. RRC_INACTIVE RRC_CONNECT) during the measurement period, UE measurement requirements can be based on the behaviour below. 
· UE restarts the PRS measurement
· Option 3: (Qualcomm)
· If there is status transition (e.g. RRC_INACTIVE RRC_CONNECT) during the measurement period, 
· UE continue the PRS measurement
· The measurement period requirements will be extended
· FFS the behaviour for UE Rx-Tx when SRS configuration is affected by state transition. 


For RSTD and PRS-RSRP(P), we support option 3 provided that no exact requirements are defined for the extended measurement period. 
Technically, when RRC state transition occurs during measurement period, UE could continue the PRS measurement, e.g. UE could keep the measurement samples taken before the state transition, so there is no need to enforce UE to re-start the measurement. 
On the other hand, it can be difficult to define exact requirements. UE may need to re-schedule all the measurements since the configuration of RRM measurement can change with the state transition, and it does not make sense to define requirements that require specific scheduling design for the transition case (which is impractical to do considering that the number of cases is almost infinite). 
We do not see defining requirements for state transition is of high priority, so we are suggest to not define exact requirements.
Proposal 1: For the case when state transition occurs during RSTD and PRS-RSRP(P) measurement period, state that measurement period can be longer without defining exact requirements.
As to UE Rx-Tx, we understand UE should re-start the measurement. 
As the SRS configuration is separately provided for RRC_INACTIVE and RRC_CONNECTED states, the state transition will always cause SRS reconfiguration. In Rel-16, it was agreed that when cell change causes SRS reconfiguration during the measurement period, UE shall restart the UE Rx-Tx measurement after the SRS reconfiguration is complete. In our view, the RRC state transition is similar to cell change causing SRS reconfiguration. 
Proposal 2: UE shall re-start UE Rx-Tx measurement when state transition occurs during the measurement period and after it obtains SRS configuration and TA from the serving cell.
Cell change
	Issue 2-2-6 UE behavior for PRS measurement under cell change. 
Agreements: 
· The UE behaviour if the cell reselection occurs during the PRS measurement period is as follows:
· The UE shall continue the RSTD measurement after the cell reselection
· The UE shall continue the PRS-RSRP measurement after the cell reselection
· The UE shall continue the PRS-RSRPP measurement after the cell reselection
Candidate options:
FFS the UE behaviour if the cell reselection occurs during the UE Rx-Tx measurement period:
· Option 1: (Ericsson)
· The UE shall restart the UE Rx-Tx measurement after the cell reselection
· Option 2: (Huawei)
· The UE shall stop the UE Rx-Tx measurement after the cell reselection


We support option 1 for Issue 2-2-6 with the clarification that UE re-starts the measurement only after it obtains the SRS configuration and TA from the new serving cell.
We supported option 2 in last meeting because we understand UE cannot transmit SRS after cell selection, and the Rx-Tx measurement should be stopped without SRS transmission. After further checking, we agree that when UE obtains the SRS configuration and TA from the new serving cell, which can be done only by entering RRC_CONNECTED, it can re-start a new Rx-Tx measurement since the positioning session is still ongoing, so “re-start” is more accurate than “stop” from positioning session point of view.
Proposal 3: UE shall restart the UE Rx-Tx measurement after the cell reselection and after it obtains SRS configuration and TA from the new serving cell.
	Issue 2-2-7 PRS measurement requirements applicability under cell change. 
Candidate options: 
· Option 1: (Ericsson)
· The measurement period for RSTD, PRS-RSRP and PRS-RSRPP, should be based on the longest of the Kcarrier and DRX cycles used among the old serving cell before the cell reselection and the new serving cell after the cell reselection.
· The UE upon initiating the cell selection for the selected PLMN, stops performing the PRS measurements and is not expected to meet the PRS measurement requirements.
· Option 2: (Huawei)
· Do not define exact requirements for the cell change case. 
· The UE behaviour upon initiating the cell selection for the selected PLMN is within RAN1/2 scope. 


We support option 2 for Issue 2-2-7. 
As discussed in section 2.1.1, it can be difficult to define exact requirements considering that UE may need to re-schedule all the measurements, so we prefer to not define exact requirements for the cell change case but instead state that the measurement period can be longer in the spec.
Proposal 4: For the case when cell change occurs during RSTD and PRS-RSRP(P) measurement period, state that measurement period can be longer without defining exact requirements.
For the case when cell selection is triggered, UE would enter RRC_IDLE, so it would not perform PRS measurement anymore. However, similar as Issue 2-2-6, it may not be accurate to say that UE will stop the PRS measurement because it is possible that UE enters RRC_CONNECTED at a later time (and possibly being released RRC_INACTIVE later) and UE should re-start the measurement in such cases.
Therefore, UE could “suspend” the PRS measurement during being in RRC_IDLE and “re-start” the measurement when entering RRC_CONNECTED. For UE Rx-Tx, UE should re-start the measurement only after it obtains the SRS configuration and TA from the serving cell. In our view, these are all UE behaviours that are based on procedures defined by RAN2. We do not think RAN4 needs to define UE behaviour or requirements for this case. 
Proposal 5: RAN4 not to define UE behaviour or requirements for the case when cell selection is triggered during PRS measurement period.
PRS collision with other DL signals/channels
	Issue 2-2-5 The requirements applicability in RRC_INACTIVE state regarding collision of other functions. 
Agreements: 
· Longer PRS measurement period is expected when there is collision/overlap between other DL signals/channels and PRS resources in RRC_INACTIVE state. 
· Collision/overlap between other DL signals/channels and PRS resources in RRC_INACTIVE state occurs when:
· Any other DL signals/channel occurs within the PRS resource or 
· Any other signals/channel occurs within X symbols before the PRS resource or
· Any other signals/channel occurs within X symbols after the PRS resource.
· X=FFS.


Based on the RAN1 agreement, in RRC_INACTIVE PRS can be either within the initial DL BWP or outside initial DL BWP. When PRS is outside initial DL BWP, UE may need to re-tune the RF chain from the initial DL BWP to the PRS BW, and this is what X should account for in our view.
As to the exact value for X, we suggest to define it based on 0.5ms which is the assumption for RF re-tuning in MG. 
Proposal 6: X=0 if PRS is within initial DL BWP; X=0.5ms if PRS is outside initial DL BWP.
Besides the re-tuning time, another factor that needs to be considered in defining overlapping between PRS and other DL channels/signals is the re-action time.
For PDSCH scheduled by PDCCH, UE would need some time, e.g. Y symbols, to decode the DCI. It means UE is only aware of the PDSCH Y symbols after the DCI. If PDSCH is overlapping with PRS symbols or symbols for RF-retuning within Y symbols after the DCI, UE would not be able to receive PDSCH because UE has already started PRS measurement or RF re-tuning on those symbols.
Proposal 7: UE is not expected to receive PDSCH on PRS resources or on symbols for RF-retuning within Y symbols after a DCI. 
SRS related requirements
	Issue 2-3-1 Whether to define SRS measurement requirements in RRC_INACTIVE state
Candidate options:
· Option 1: (Nokia)
· Upon completion of measurement requirements for DL positioning methods, RAN4 investigates measurement requirements for periodic SRS and semi-persistent SRS in RRC_INACTIVE and develops corresponding measurement requirements for the latter.
· RRM requirements for transmission of SRS for positioning do not apply in case of expected UL transmissions in other channels in the initial UL BWP in RRC_INACTIVE state.
· Option 2: 
· No gNB measurement requirements are defined in RRC_INACTIVE state. 


The first bullet of option 1 is and Option 2 are mutual exclusive. Option 2 has been agreed for Issue 2-1-1 in [1], so there is no need to further discuss the first bullet of option 1.
The second bullet of option 1 is about prioritization between SRS transmission for positioning and other UL signals/channels. We understand this is RAN1 scope similar as UL prioritization in RRC_CONNECTED. 
Proposal 8: RAN4 not to discuss prioritization between SRS transmission for positioning and other UL signals/channels (which is RAN1 scope).
Measurement period requirements
Number of samples
	Issue 2-4-1 Whether to support the reduced number of samples in RRC_INACTIVE state
Candidate options:
· Option 1: (CATT, CMCC, vivo, Nokia, Ericsson)
· Yes. 
· Option 2: (Intel, Huawei, Qualcomm, OPPO)
· upon UE capability


We support option 2.
For RRC_CONNECTED, the requirements with reduced sample number are applicable only when UE supports the capability of measurement with reduced sample number and is requested by LMF to perform measurement with reduced sample number.  
It is quite straightforward to re-use the same applicability for RRC_INACTIVE. The only open issue is whether measurement with reduced sample number requires separate capabilities for RRC_INACTIVE and RRC_CONNECTED, but this should be discussed in RAN1. 
Proposal 9: Define PRS measurement requirements with both 4-sample and reduced sample number for RRC_INACITVE.
· The requirements with reduced sample number are applicable when UE supports measurement with reduced sample number in RRC_INACTIVE and is requested by LMF to perform measurement with reduced sample number.
Tavailable_PRS,i 
	Issue 2-4-6 Tavailable_PRS,i calculation for PRS measurement requirements in RRC_INACTIVE state
Candidate options:
· Option 1: (CATT, CMCC, OPPO, Ericsson)
· Tavailable_PRS,i could be the least common multiple between TPRS and DRX cycle.
· Option 2: (Huawei)
· Tavailable_PRS,i for Inactive state measurement is defined as the LCM of Tprs, measurement window periodicity and DRX cycle.


In RAN4#101-bis-e, an LS was sent to RAN1 regarding the applicability of PPW for RRC_INACTIVE. As the difference between the two options is whether PPW-RP is considered, we suggest to wait for RAN1 reply before concluding on Tavailable_PRS,i.
Proposal 10: RAN4 waits for RAN1 conclusion regarding measurement window before concluding on Tavailable_PRS,i.
Teffct,i 
	Issue 2-4-8 Teffct,I calculation for PRS measurement requirements in RRC_INACTIVE state
Candidate options:
· Option 1: (CATT, Huawei, Ericsson, OPPO, Nokia, vivo)
· The same approach as R16 can be used. 
· Option 2: (Intel, OPPO, Qualcomm)
· Postponed until conclusions on PRS processing capability in RRC INACTIVE state are reached in RAN1. 


On top of Tavailable, Teffect further accounts UE processing time T, and we do not see the need to change the definition because in Inactive state measurement the {N,T} capability still applies. Whether UE can report different values for than for Connected state is under RAN1 discussion, but it does not impact the definition of Teffect in RAN4 requirements.
Proposal 11: Teffect is defined in the same way as in Rel-16 requirements.
Kcarrier 
	Issue 2-4-9 How to define Kcarrier for PRS measurement requirements in RRC_INACTIVE state
Candidate options:
· Option 1: (vivo, Nokia, CATT, Ericsson, Intel)
· Replace CSSF with Kcarrier for inactive state PRS measurement requirements, Kcarriers is the total number of configured carriers for mobility measurements and CA measurements plus one positioning frequency layer. 
· Option 2: (Qualcomm)
· Depending on UE capability, the PRS measurement period length would be proportional to K=Kcarrier  + 1 or  K=1, where the latter would correspond to a UE that has a dedicated PRS processing engine. 
· Option 3: (OPPO, Huawei)
· Replace CSSF with Kcarrier and Nlayer for RRC-INACTIVE state measurement requirements, only one positioning frequency layer is accounted into Kcarrier and Nlayer. 


We support option 3.
When in RRC_INACTIVE state 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 RRC_INACTIVE measurement.
For RRM requirements in RRC_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. 
Besides Kcarrier, the factor Nlayer, which counts the number of high priority and EMR carriers, also needs to be updated to account for one PFL. In our view, similar as EMR measurement, PRS measurement should still continue even serving cell condition is above the search threshold.
Proposal 12: Replace CSSF with Kcarrier and Nlayer for RRC-INACTIVE state measurement requirements, only one positioning frequency layer is accounted into Kcarrier and Nlayer.
Conclusions
In this paper we provided our views on PRS measurement in RRC_INACTIVE.
Proposal 1: For the case when state transition occurs during RSTD and PRS-RSRP(P) measurement period, state that measurement period can be longer without defining exact requirements.
Proposal 2: UE shall re-start UE Rx-Tx measurement when state transition occurs during the measurement period and after it obtains SRS configuration and TA from the serving cell.
Proposal 3: UE shall restart the UE Rx-Tx measurement after the cell reselection and after it obtains SRS configuration and TA from the new serving cell.
Proposal 4: For the case when cell change occurs during RSTD and PRS-RSRP(P) measurement period, state that measurement period can be longer without defining exact requirements.
Proposal 5: RAN4 not to define UE behaviour or requirements for the case when cell selection is triggered during PRS measurement period.
Proposal 6: X=0 if PRS is within initial DL BWP; X=0.5ms if PRS is outside initial DL BWP.
Proposal 7: UE is not expected to receive PDSCH on PRS resources or on symbols for RF-retuning within Y symbols after a DCI. 
Proposal 8: RAN4 not to discuss prioritization between SRS transmission for positioning and other UL signals/channels (which is RAN1 scope).
Proposal 9: Define PRS measurement requirements with both 4-sample and reduced sample number for RRC_INACITVE.
· The requirements with reduced sample number are applicable when UE supports measurement with reduced sample number in RRC_INACTIVE and is requested by LMF to perform measurement with reduced sample number.
Proposal 10: RAN4 waits for RAN1 conclusion regarding measurement window before concluding on Tavailable_PRS,i.
Proposal 11: Teffect is defined in the same way as in Rel-16 requirements.
Proposal 12: Replace CSSF with Kcarrier and Nlayer for RRC-INACTIVE state measurement requirements, only one positioning frequency layer is accounted into Kcarrier and Nlayer.
Reference
[1]. R4-2202684, WF on NR Positioning Enhancements (Part 2), CATT

8

7

