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Introduction
RRM requirements for PRS measurement in INACTIVE state were discussed in RAN4#102-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· PRS collision
· Definition of “PRS resource”
· Collision with dynamically scheduled PDSCH
· Side condition for reduced sample number
· PRS measurement window 
Besides above issues for PRS measurement, based on RAN1#108-e agreement, the switching time for SRS transmission in INACTIVE outside initial UL BWP is up to RAN4 discussion.
In this paper we will provide our views on positioning requirements in RRC_INACTIVE.
Discussion
PRS collision
Definition of “PRS resource”
	Issue 2-1-1 The value of X regarding collision of other functions
Agreements: 
· If PRS is outside initial DL BWP. 
· X=0.5ms if one or both of the serving cell and PFL is in FR1
· X=0.25ms if both the serving cell and PFL are in FR2
· If PRS is within initial DL BWP. 
· X=0
· FFS: the definition of “PRS resource” for defining the collision between PRS resource and other DL signals/channels.


During RAN4#102-e, some companies commented that for defining the collision between PRS and other DL signals/channels, the expected RSTD uncertainty should be considered. We think this is a valid point, and besides the uncertainty, expected RSTD which reflects the time difference between the target TRP and the reference TRP should also be considered.
The nr-DL-PRS-SFN0-Offset gives the SFN and subframe offset between the SFN0 in the reference cell (for simplicity we assume reference cell is the serving cell in the example) and the non-serving cell. Then the nr-DL-PRS-ExpectedRSTD gives the expected receive time difference between the SFN0 of the two cells within a subframe taking into account e.g. the transmit timing misalignment and propagation delay difference. As this receive time difference is an estimate from the LMF, there is an uncertainty given by nr-DL-PRS-ExpectedRSTD-Uncertainty. The expected RSTD can range from -0.5ms to +0.5ms, and the expected RSTD uncertainty can range from -32us to 32us for FR1 and -8us to 8us for FR2.
To measure a PRS resource, the search window is illustrated in Figure 1, and it can be seen that the overall search span is impacted by expected RSTD and expected RSTD uncertainty. The expected RSTD defines the time offset of the PRS resource relative to the serving/reference cell, and the two cells may not be time aligned on symbol level. The expected RSTD uncertainty further extends the search span. 
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Figure 1: Illustration of UE search span
Based on above, the serving cell symbols that partially or fully overlap with the overall search span of a PRS resource should be considered as colliding with the PRS resource. 
Proposal 1: For defining the collision between PRS and other DL signals/channels, expected RSTD and expected RSTD uncertainty should be accounted. 
Collision with dynamically scheduled PDSCH
In INACTIVE, PRS measurement is always of lower priority than other DL signals/channels, so in principle, there should be no scheduling restriction due to PRS measurement. However, there is one exception case which is the dynamically scheduled PDSCH.
As we discussed in our companion paper for PRS measurement outside MG [2], for dynamically scheduled PDSCH, it could happen that the DCI for scheduling PDSCH is close in time with the PRS resource, and UE cannot determine the existence of the PDSCH thus conducts the PRS measurement. As the above issue is discussed in RAN1, for PRS measurement outside MG, it was agreed in RAN4#102-e to wait for RAN1 conclusion. 
Since the issue is same for PRS measurement in INACTIVE, we suggest to follow same conclusion as for PRS measurement outside MG. If RAN4 decides to define scheduling restriction for PRS measurement outside MG in CONNECTED with low priority PRS, then RAN4 should define similar scheduling restriction for INACTIVE, otherwise there should be no scheduling restriction in INACTIVE.
Proposal 2: Decide whether to define scheduling restriction due to PRS measurement in INACTIVE for PDSCH based on the conclusion from scheduling restriction for PRS measurement outside MG in CONNECTED with low priority PRS.
Side condition for reduced sample number
	Issue 2-4-1 Whether to support the reduced number of samples in RRC_INACTIVE state
Agreements: 
· Support of the reduced number of samples in RRC_INACTIVE state is UE capability
· The UE capability is under discussion in RAN1, and wait for RAN1 agreement. 
· PRS measurement requirements with reduced number of samples in RRC_INACTIVE state are applicable only for UE which supports PRS measurements with reduced number of samples.
· The requirements with reduced sample number are applicable when UE is requested by LMF to perform measurement with reduced sample number.
· FFS: PRS measurement requirements with reduced number of samples in RRC_INACTIVE are defined under the same side conditions as agreed for RRC CONNECTED state.


RAN4 has agreed the conditions for reduced sample measurement in CONNECTED, which include
· Conditions for M1=1, on Es/Iot, propagation condition, BW, accuracy and repetition 
· Conditions for M2=0, on PRS BW location relative to BWP and power difference
In our view, there is not much difference between PRS measurement in CONNECTED and INACTIVE, so we see no particular reason why the CONNECTED conditions cannot be re-used for INACTIVE.
Proposal 3: PRS measurement requirements with reduced number of samples in RRC_INACTIVE are defined under the same side conditions as agreed for RRC CONNECTED state.
PRS measurement window 
In [3], RAN1 replied to RAN4 that PRS processing window defined for PRS measurements outside measurement gap is not supported in RRC_INACTIVE state in Rel-17. We understand that the PPW may be too “heavy” for INACTIVE, e.g. it needs pre-configuration via RRC and activation via MAC by the gNB, and supporting exactly same characteristics in INACTIVE may lead to large standardization efforts. However, we still think a measurement window, which may be much “lighter” than the PPW, is needed for PRS measurement in INACTIVE.
In [1], it was agreed to keep the existing R16 framework to define requirements for INACTIVE. We would like to note that the Rel-16 requirements are defined based on a window, which is MG, i.e. in CONNECTED UE is only required to measure PRS resources that overlap with MG. Having no measurement window for INACTIVE means UE has to measure all the PRS resources during Tavailable, no matter how they are distributed in time domain, and this may have big negative impact on UE power consumption, which is a key for INACTIVE. Figure 2(a) shows such an example.
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Figure 2: Distribution of PRS resources with and without window
In Figure 2(a), different PRS resources are randomly distributed during Tavailable, and UE has to wake up time to time in order to measure all of them. In the extreme case, it could happen that there is no meaningful sleep time in between the PRS resources, and there is no power saving from INACTIVE.
What we propose is shown in Figure 2(b). Ideally, UE is expected to wake up only once per Tavailable in order preserve power, which means there is only one measurement window during each Tavailable. On the other hand, we understand that one window may be too restrictive for NW, e.g. with PRS muting, different PRS resources cannot be concentrated in one window, so we are open to consider M (>1) windows per Tavialable, but the number should be anyway limited.
To limit the spec impacts, we suggest to follow the same approach RAN4 used to define CSI-RS requirements, i.e. we define an applicability condition for the requirements that PRS resources per PFL are within M windows per Tavailable. Below is a copy of CSI-RS requirements addressing similar problem.
	The requirements in clause 9.10.2 apply, provided:
-	Only one intra-frequency CSI-RS layer per serving cell is configured, and
-	The BW of the CSI-RS on the intra-frequency neighbor cell is within the active BWP of the UE, and
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]-	The associated SSB of the CSI-RS resources being identified or measured are detectable, and the CSI-RS resources configured for CSI-RS based L3 measurements are measurable, and
-	The bandwidth of CSI-RS resources of intra-MO is the same as that of the CSI-RS resources configured for the serving cell, and
-	All CSI-RS resources on one intra-frequency layer are configured within up to two separate windows where each window is up to 5ms, and 
-	for the case of single window further provided 
-	The periodicity of the configured CSI-RS resources is 10ms, 20ms or 40ms
-	for the case of two separate windows further provided
-	The two windows are either both fully non-overlapped with MG or both partially overlapped with MG
-	The periodicity of the configured CSI-RS resources is 20ms or 40ms
-	The starting point of the first  window is the slot boundary of the serving cell, where the corresponding slot contains the configured L3 CSI-RS resource of the serving cell in the servingCellMO with the smallest offset, and
-	The starting point of the second window if configured is determined by an offset of half of the CSI-RS periodicity in slots with regards to the starting point of the first window, and
-	Numerology for intra-frequency CSI-RS and data of serving cell are the same.


Of course, RAN4 may need to discuss the details of the window for PRS measurement in INACTIVE. For example, besides the number of M above, to make the requirement applicability clear, we also needs to discuss the length and the offset of the measurement windows. We are open to discuss the details how to define the window, but to really benefit from INACTIVE measurement, we have the following proposal.
Proposal 4: Requirements for PRS measurement in INACTIVE apply provided that all PRS resources on the same PFL are configured within [M] separate windows within Tavailable, where each window is up to [L] ms. FFS for M, L and the location of the windows.
Switching time for SRS transmission
In RAN1#108-e, the following conclusion was made.
	Working assumption
For Option 2 of SRS for positioning transmission in RRC_INACTIVE, a UE capability for switching time between SRS Tx and other Tx in initial UL BWP or Rx in initial DL BWP is introduced
The capability is reported per band
The capability applies at least to TDD
FFS: FDD
The switching time value(s) are left up to RAN4 discussion
If the transmission of SRS for positioning with the switching time overlaps/collides in time domain with other DL reception or UL transmission at least for TDD, the SRS for positioning transmission is dropped in the symbol(s) where the overlap/collision occurs
Note: Transmission of SRS for positioning with the switching time covers the following example TDD cases:
“switching after SRS” (i.e., transmission of SRS + switching time)
“switching before SRS” (i.e., switching time + transmission of SRS)


For option 2, SRS transmission is outside initial UL BWP or with difference SCS than the initial UL BWP, so a switching time is needed to allow UE to switch the BW between initial UL BWP and SRS BW, and RAN1 has agreed to define a UE capability, and the values are up to RAN4.
In our view, the switching in option 2 scenario is similar to SRS carrier switching. Since we already have the UE capability for SRS carrier switching time, the values can be simply re-used.
SRS-SwitchingTimeNR ::= SEQUENCE {
    switchingTimeDL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL,
    switchingTimeUL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL
}
Proposal 6: For switching time for SRS transmission outside initial UL BWP, re-use the values from the SRS carrier switching capability. 
We provide a draft LS to RAN1/2 based on Proposal 6 in Annex.
Conclusions
In this paper we provided our views on positioning requirements in RRC_INACTIVE.
Proposal 1: For defining the collision between PRS and other DL signals/channels, expected RSTD and expected RSTD uncertainty should be accounted. 
Proposal 2: Decide whether to define scheduling restriction due to PRS measurement in INACTIVE for PDSCH based on the conclusion from scheduling restriction for PRS measurement outside MG in CONNECTED with low priority PRS.
Proposal 3: PRS measurement requirements with reduced number of samples in RRC_INACTIVE are defined under the same side conditions as agreed for RRC CONNECTED state.
Proposal 4: Requirements for PRS measurement in INACTIVE apply provided that all PRS resources on the same PFL are configured within [M] separate windows within Tavailable, where each window is up to [L] ms. FFS for M, L and the location of the windows.
Proposal 6: For switching time for SRS transmission outside initial UL BWP, re-use the values from the SRS carrier switching capability. 
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1. Overall Description:
RAN4 noticed the following working assumption in RAN1#108-e. 
	Working assumption
For Option 2 of SRS for positioning transmission in RRC_INACTIVE, a UE capability for switching time between SRS Tx and other Tx in initial UL BWP or Rx in initial DL BWP is introduced
· The capability is reported per band
· The capability applies at least to TDD
· FFS: FDD
· The switching time value(s) are left up to RAN4 discussion
· If the transmission of SRS for positioning with the switching time overlaps/collides in time domain with other DL reception or UL transmission at least for TDD, the SRS for positioning transmission is dropped in the symbol(s) where the overlap/collision occurs
· Note: Transmission of SRS for positioning with the switching time covers the following example TDD cases:
a) “switching after SRS” (i.e., transmission of SRS + switching time)
b) “switching before SRS” (i.e., switching time + transmission of SRS)


RAN4 discussed the candidate values for the UE capability on the switching time when transmitting SRS outside initial UL BWP or with difference SCS than the initial UL BWP (option 2 scenario), and agreed that the candidate values can be re-used from the existing UE capability on the switching time for SRS carrier switching (i.e. switchingTimeUL). 
The candidate values include {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}.

RAN4 respectfully asks RAN1 and RAN2 to take the above information into account in the future work for SRS transmission in RRC_INACTIVE. 

2. Actions:
To RAN1/2:
RAN4 respectfully asks RAN1 and RAN2 to take the above information into account in the future work for SRS transmission in RRC_INACTIVE. 

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #104-e		Aug. 22 – Aug. 26, 2022		Toulouse, France
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