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1 Introduction
At RAN1 #107-e meeting, the following agreements were reached with regards to this sub-agenda:
	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

R1-2112741	[DRAFT] LS on DL PRS processing by UEs in RRC_INACTIVE state	Moderator (Intel Corporation)
Final LS endorsed in R1-2112742

Agreement
For spatial relation of SRS for positioning by RRC_INACTIVE UEs,
· Validity criteria for pathloss measurement (OLPC) is reused to determine validity of spatial relation for configured RS
· If the UE determines that the UE is not able to meet the above validity criteria for spatial relation then the UE stops transmission of SRS resource for positioning 
· Note: the RS for spatial relation is a periodic or semi-persistent RS

Agreement
For OLPC of SRS for positioning by RRC_INACTIVE UEs, the following UE behaviour is used 
· If the UE determines that it is not able to accurately measure pathloss for pathloss reference RS, UE stops transmission on corresponding SRS resource set for positioning

Agreement
· 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.
· RAN1 assumes that 
· SRS for positioning for UEs in RRC_INACTIVE state is configured using the SRS-PosResourceSet IE
· Send LS to RAN2 to define signaling for SRS for positioning configuration for RRC_INACTIVE UEs

R1-2112845	Draft LS on configuration and transmission of SRS for positioning in RRC_INACTIVE state	Moderator (Intel)
Final LS endorsed in R1-2112846.

Agreement
· From RAN1 perspective, for LMF-initiated request of on-demand DL PRS, the following group of on-demand DL PRS parameters is defined and signaled
· per resource set per positioning frequency layer per FR
1. DL PRS Periodicity
2. DL PRS Resource Bandwidth
3. DL PRS Resource Repetition Factor
4. Number of DL PRS Resource Symbols per DL PRS Resource
5. DL-PRS CombSizeN
Two options for indication of DL PRS QCL-Info, either
· Option 1: per resource set per positioning frequency layer per FR
· LMF recommends a list of QCL sources
· Option 2: per resource set per positioning frequency layer per FR
· LMF requests to provide the QCL information in the assistance data in NRPPa
· per FR
· Number of DL PRS frequency layers
· either per resource set per positioning frequency layer or per UE
· Start/end time of DL PRS transmission
· either per resource, or per resource set, or per UE
· ON/OFF indicator (for LMF initiated request only)
Agreement
· From RAN1 perspective, for UE-initiated request of on-demand DL PRS, the following group of on-demand DL PRS parameters is defined and signalled
· per positioning frequency layer per FR
1. DL PRS Periodicity
2. DL PRS Resource Bandwidth
3. DL PRS Resource Repetition Factor
4. Number of DL PRS Resource Symbols per DL PRS Resource
5. DL-PRS CombSizeN
· per FR 
1. Number of DL PRS frequency layers
· per UE
1. Start/end time of DL PRS transmission
Two options for indication of DL PRS QCL-Info, either
· Option 1: per resource set per positioning frequency layer per FR
· UE recommends a list of QCL sources
· Option 2: per resource set per positioning frequency layer per FR
· UE requests to provide the QCL information in the assistance data 



In this paper, we present our views (from RAN1 perspective) with regards to the following 2 topics:
· RRC Inactive Positioning
2 RRC Inactive Positioning
The following agreement was made with regards to the SRS for Positioning outside initial UL BWP:

	Agreement
· 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.
· RAN1 assumes that 
· SRS for positioning for UEs in RRC_INACTIVE state is configured using the SRS-PosResourceSet IE
· Send LS to RAN2 to define signaling for SRS for positioning configuration for RRC_INACTIVE UEs



There are several aspects still remaining to be finalized with regards to this feature, including at least the following
· SRS for Positioning configuration in RRC Inactive
· Relation of SRS for Positioning to a non-initial BWP configuration: SRS-only BWP
· Constraints of the SRS-only BWP in relation the initial BWP and SSB
· Paired BWP Considerations for the SRS-only BWP in RRC Inactive Positioning
· LMF’s knowledge of RRC inactive capabilities
· LMF’s knowledge of DRX parameters 
2.1 SRS for Positioning config in RRC Inactive

In the draft RAN2 CR for TS38.331 (R2-2202048), the “SRS-Config” is used as the related IE for configuring SRS in RRC inactive, without an explicit description that clarifies that only SRS-PosResourceSet is applicable.
	SRS-PosRRC-InactiveConfig-r17 ::=                  SEQUENCE {
    srs-Config-r17                                    SetupRelease {SRS-Config}                              OPTIONAL,   -- Need M
    bwp-r17                                           BWP                                                    OPTIONAL,   -- Need S
    srs-TimeAlignmentTimer-r17                        ENUMERARED {FFS align with SDT}                        OPTIONAL,   -- Need R
    changeThresh-r17                                  RSRP-ChangeThresh-r17,									   OPTIONAL    -- Need R
}

	srs-PosRRCInactiveConfig
SRS for positioning confifuration during RRC Inactive State.






There is also a related Editor’s Note already appearing in the draft CR:
	Editor’s Note: Check the need codes and whether instead of SRS-Config; SRSPosResourceSet And SRSPosResource are to be used.



However, the RAN1 agreement is very clear that only SRS-PosResourceSet can be used in RRC Inactive to configure the SRS. We suggest RAN1 to send an LS to RAN2 to address this inconsistency. 
Proposal 1: Send an LS to RAN2 to remind the RAN1 agreement that only SRS-PosResourceSet can be used in the RRC Inactive. 
· If, using SRS-Config in the SetupRelease is more appropriate from signaling & RAN2 perspective, the field description of srs-PosRRCInactiveConfig could clarify that “SRS for positioning configuration during RRC Inactive State is happening with the SRS-PosResourceSet IE.”
2.2 LocationAndBandwidth for SRS Outside Initial UL BWP
The following Editor’s Note has been captured in the draft RAN2 CR of 38.331 (R2-2202048):
	[bookmark: _Hlk95472918]Editor’s Note: To Check whether BWP IE loactionAndBandwidth field to be used or separate fields along with offsetToPointA is to be used.



The “locationAndBandwidth” IE has the following related description: 

	locationAndBandwidth
Frequency domain location and bandwidth of this bandwidth part. The value of the field shall be interpreted as resource indicator value (RIV) as defined TS 38.214 [19] with assumptions as described in TS 38.213 [13], clause 12, i.e. setting =275. The first PRB is a PRB determined by subcarrierSpacing of this BWP and offsetToCarrier (configured in SCS-SpecificCarrier contained within FrequencyInfoDL / FrequencyInfoUL / FrequencyInfoUL-SIB / FrequencyInfoDL-SIB within ServingCellConfigCommon / ServingCellConfigCommonSIB) corresponding to this subcarrier spacing. In case of TDD, a BWP-pair (UL BWP and DL BWP with the same bwp-Id) must have the same center frequency (see TS 38.213 [13], clause 12)



We think that the LocationAndBandwidth of the BWP IE needs to be reused and we should exploit the well-defined multi-BWP framework that already exists from NR rel-15. 

Proposal 2: The SRS for Positioning during RRC Inactive state, is associated with a BWP IE where the {locationAndBandwidth, SCS, CP} are defined in the same way as a legacy BWP. 
· Note: This means that the SRS-POS-only BWP shall be at the same CC as the initial UL BWP.  

In TDD, the BWPs are configured in pairs of DL/UL BWPs. This is also clarified in the above locationAndBandwidth IE description in TS38.331. We think it will be prudent to clarify that, similarly to the RRC connected BWP framework, in RRC Inactive, there is going to be a pair of DL/UL BWPs, where the SRS-POS-only BWP would correspond to the UL BWP, and there is going to be an associated DL-BWP also.

Proposal 3: In TDD scenarios, further clarification is needed with regards to the DL BWP associated with the SRS-POS-Only UL BWP. Pick one of the following 2 options:
· Option 1: In RRC Inactive, when SRS is configured associated to an UL non-initial BWP, an associated DL BWP is assumed to be configured also inheriting the legacy BWP restrictions.
· Option 2: The DL-BWP of a SRS-POS-only BWP should always be the initial DL BWP. 
· Note: In that case, it would have to be explicitly clarified whether the center frequency of the SRS-POS-only BWP of the initial DL BWP (paired DL WP) need to be the same, or it can be different. 
2.3 SRS for Positioning outside Initial UL BWP
In NR Rel-15, there are separate capabilities during the BWP signaling framework to be able to report the support of:  
· SRS operation without restriction on the BW: BW of the SRS may not include BW of the CORESET#0 and SSB (FG 6-1a)
[image: ]

· Different numerology between the BWPs is supported (FG 6-4).
[image: Table
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Such capabilities should be included in the new SRS-only BWP that is defined for the new feature. Therefore, we make the following proposal:
Proposal 4: For the SRS configuration with dedicated non-initial BWP in RRC Inactive (SRS-Only BWP), A UE should be able to report whether:
· Different numerology between the SRS-only BWP and the initial UL BWP is supported.
· SRS operation without restriction on the BW is supported: BW of the SRS-only BWP may not include BW of the CORESET#0 and SSB 

Proposal 5: Based on other signalled UE capabilities, the UE supports at least one connected mode configuration where a hypothetical BWP defined by this SRS is the active BWP and switching between this active BWP and the initial BWP is supported.

Proposal 6: Support reporting the capability of supporting SRS configuration outside initial BWP in a “per-band” fashion. 

2.4 LMF recommendation of RRC state for a Positioning session
We first acknowledge that LMF may not be aware of the RRC state of the UE. However, this does not mean that the LMF should not be aware of the UE capabilities of the UE in RRC Inactive state and should not send corresponding assistance data to the serving gNB to help the gNB to make the correct decisions. Our understanding of one potential procedure is the following:
· The LMF is aware of the UE’s Positioning capabilities in RRC Inactive and RRC Connected state. For Rel-16 UEs, the LMF is only aware of the RRC Connected state capabilities.  
· LMF sends a request to the serving gNB that it suggests the UE to measure PRS / transmit SRS using an assumed RRC Inactive State. An LMF would either way need to make such an assumption in order to set the Location request parameters accordingly (e.g. response time) by considering the Positioning capabilities in RRC inactive state, the bandwidth needed to be measured, the latency requirements, etc. 
· Note that we have already agreed the LMF to send to the serving gNB a request of a Measurement gap or of a Positioning Processing window. 
· Up to the serving gNB whether to keep the UE in RRC connected or in RRC inactive state. 

Proposal 7: Support LMF sending to the serving gNB an assumed state related to a UE location request. 
· Note: The actual RRC state is determined by UE/gNB. The LMF is not aware of, and does not control the UE RRC state. 
2.5 Reporting of DRX parameters from serving gNB to the LMF
One of the reasons of keeping the UE in RRC inactive state is to try to save power consumption compared to the RRC connected state. There are also related discussions in RAN4 that the measurement period for reporting should be based on the DRX cycle periodicity, in the sense that the UE would be waking up only once to measure the PRS in every DRX cycle (e.g. once every 1.28 seconds). 
However, for such power saving optimizations to be possible, the LMF would need to know what are the DRX parameter configurations to the UE. If the LMF doesn’t know the DRX periodicity, the LMF would not be able to send a location request with a response time that is adjusted to account the fact that the UE is in RRC Inactive state. 
Even though we support the idea that the PRS measurement period requirement in inactive state should depend on the DRX cycle length, there are questions about how the feature would work at the system level since the LMF may not be aware of the RRC state of the UE nor the DRX cycle length. How would the LMF set an appropriate value for the response time in the location request sent to the UE without this information?
Observation 1: If the measurement period in RRC_INACTIVE depends on the DRX cycle length, which is not known by the LMF, then the LMF may not be able to select an appropriate value for the response time in the location request.
Our understanding of one potential procedure is the following:
· The LMF receives RRC Inactive Positioning capabilities by the UE
· The LMF inquires the serving gNB of a DRX periodicity for RRC Inactive positioning.  
· Serving gNB responds with such periodicity to the LMF
· LMF sends the location request to the UE using the response time according to the response from the serving gNB, and a message to the serving gNB that it suggests the UE to perform positioning measurements in RRC Inactive state. 
· Up to the serving gNB whether to keep the UE in RRC connected or in RRC inactive state. 

Note that RAN4 has already sent an LS to RAN2 (and CC’ed RAN1) with the following agreement:
	Agreement
1. DRX cycle should be considered in the positioning measurement delay requirements in RRC _INACTIVE state.



Observation 2: If the DRX cycle is used in the measurement period in TS 38.331, then the LMF should be aware of that information to be able to set the response time accordingy. 
Proposal 8: Support LMF requesting the DRX parameters from the serving gNB of a UE. 
2.6 Need for the Location server to know RRC Inactive capabilities

Our understanding is that an LMF is expected to have enough information to make educated decisions at least with regards to the following aspects:
· Which positioning technology to use (e.g., NR, LTE , GPS, sensors, wifi , etc)
· Which positioning method(s) within NR technologies to use (DL-TDOA , RTT , DL-AoD , UL-AOD, UL-TDOA , ECID )
· What SRS properties to request from the gNB 
· What PRS properties to request from the gNB for on demand PRS 
· What response time to use
All the above are within the context of a variety of positioning metrics, including the 3 which is the focus of this WI: accuracy, latency, power consumption. For the LMF to make good decisions in the above, having knowledge of the RRC Inactive capabilities is crucial:
· A Rel-17 UE may put the extra effort to optimize RRC Inactive positioning (e.g. switching ON/OFF RF blocks, optimizing/simplifying processing algorithms) compared to a Rel-16 UE or a UE not supporting RRC Inactive Positioning. An LMF may determine that Rel-16 is too power hungry, so for a Rel-16 UE, it prefers to use other technology instead of NR Positioning, or, it may determine that a Rel-17 UE supporting RRC inactive Positioning is actually more power efficient than the other technologies, or Rel-17 Positioning in RRC connected state. If the LMF is NOT aware of the optimized UE capabilities during RRC inactive, it cannot make the decision of which technology to use based on a power consumption KPI.
· Furthremore, a UE may support RSTD in RRC inactive, but not UE Rx-Tx measurements , or vice versa, or may or may not support SRS transmission in RRC inactive. An LMF that takes into account the power consumption KPI may want to know whether it should trigger TDOA , RTT , or AoD , or UL-AoA, UL-TDOA. However, if it doesn’t know what the UE supports, it cannot make that decision according to power consumption considerations. 
· We already agreed that a UE can support different SRS capabilities. Imagine a UE supports 8 SRS sets in RRC connected, but 1 SRS set in RRC inactive. The LMF is the entity that requests of SRS transmission properties. If it wants to take power consumption into account, it would have to know how many sets it should request. In this example, if it doesn’t know that the UE can only do 1 SRS set in RRC inactive, it may request of 2 sets, and by mistake, leading to the gNB keeping the UE to RRC connected. If it knew that this UE can only do 1 SRS set in RRC inactive, then it has a *chance/opportunity* to request a single SRS set, and hope that the gNB will keep the UE to RRC inactive.
· Similar argument to the above, with regards to PRS processing capabilities and LMF optimizing the PRS configuration and assistance data based on power consumption considerations. With regards to DL PRS processing, similar to the SRS transmission, a UE may be capable of different number of PRS resources per slot, different maximum PRS resource configurations, different group delay calibration for RSTD measurement (related to RAN4 margins for RSTD measurements). 
· Lastly, in RAN4 it has been agreed that the measurement period shall be a function of DRX cycle. If the LMF cannot provide what is the “assumed RRC state”, then the measurement period will not be consistent. The LMF would be asking for “faster response” than what is really possible in RRC inactive state. 

Proposal 9: A per-band DL positioning capability should be defined for RRC inactive state,which includes at least
· DL PRS processing capability in RRC inactive state (FG 27-6)
· UE Rx-Tx measurement reporting (FG 27-18c)
· DL RSTD measurement reporting (FG 27-18a)
· RSRP measurement reporting (FG 27-18b)
· Spatial Relation for positioning SRS in RRC Inactive (FG 27-19)

2.6 PRS processing window in RRC Inactive
An LS was sent from RAN4 (R4-2202687) wto RAN1 with the following question:
	Q1: Whether the PRS processing window defined for PRS measurements outside measurement gaps can be also applied for PRS measurements in RRC_INACTIVE state? 



First, our current understanding is that, RAN1 has not yet discussed the applicability of PRS processing window during RRC Inactive state, and therefore, without any further agreements, configuration of PRS processing window and corresponding PRS processing within the PRS processing window is only applicable to RRC Connected state. 
Observation 3: Our current understanding is that, RAN1 has not yet discussed the applicability of PRS processing window during RRC Inactive state, and therefore, without any further agreements, configuration of PRS processing window and corresponding PRS processing within the PRS processing window is only applicable to RRC Connected state.
With regards to further progress in this area, we have the following considerations:
· The PRS processing window has been introduced within the context of low-latency Positioning for the purpose of explicitly signalign to the UE a time-period during which the UE can dedicate its memory/processing resources (aka, theUE is allowed to drop the remaining channels) for positioning measurements while remaining within the active BWP. At the same time, it has been already agreed that PRS will be lower priority than any other channel in RRC Inactive when there is a collision. Therefore, at least for the purpose of signaling a period of time that PRS can be prioritized over other DL channels, introducing a dedicated/explicit signaling for configuring or activating a PRS processing window is unnecessary. 
Observation 4: In RRC inactive, at least for the purpose of signaling a period of time that a PRS can be prioritized over other DL channels, introducing a dedicated/explicit signaling for configuring or activating a PRS processing window is unnecessary, since we have already agreed that PRS shall be lower priority than any other channel. 
However, if the RAN4’s question is related to how long the UE requires to finish the processing, or what is the duration of window around a PRS that needs to be free from any conflict in order the UE  to be expected to measure PRS, it is our understanding, that it is within RAN4’s scope to make such discussions and agreements. Specifically, In a previous meeting, there were several proposals about which factors should be accounted by the guard time X before and after a PRS for the UE to be able to measure it in RRC inactive. The following factors were identified:
· the uncertainty in the arrival time of PRS (expectedRSTD- uncertainty) at the UE reference point.
· retuning time (at least for PRS outside of initial DL BWP)
· PRS measurement and processing time
We agree that all these factors should be considered in the guard times used to determine collisions. Because of the processing time, we understand that the guard times before and after a PRS resource should have different length, as shown in the figure below, wherein X1 is related to the retune time and uncertainty, and X2 is also related to the time needed for the UE to finish the processing.


In other words, we agree that it needs to be clarified what should be the guard times before and after the PRS, during which, no other signal is configured, otherwise, the UE shall process those signals; however, this doesn’t mean that we should have an explicitly signaled/activated PRS processing window. 
Observation 5: We agree that there needs to be a description of the time intervals before/after the PRS resources that need to be conflict-free for the PRS to be processed in RRC inactive, and that there needs to be a clear understanding with regards to what is considered as “collision”. However, this does not mean that there is a need to make the RRC pre-configured & MAC-CE activated/deactivated PRS processing window feature applicable in RRC inactive state. 
3 Conclusions
Overall, we make the following proposals and observations:
Proposal 1: Send an LS to RAN2 to remind the RAN1 agreement that only SRS-PosResourceSet can be used in the RRC Inactive. 
· If, using SRS-Config in the SetupRelease is more appropriate from signaling & RAN2 perspective, the field description of srs-PosRRCInactiveConfig could clarify that “SRS for positioning configuration during RRC Inactive State is happening with the SRS-PosResourceSet IE.”

Proposal 2: The SRS for Positioning during RRC Inactive state, is associated with a BWP IE where the {locationAndBandwidth, SCS, CP} are defined in the same way as a legacy BWP. 
· Note: This means that the SRS-POS-only BWP shall be at the same CC as the initial UL BWP.  

Proposal 3: In TDD scenarios, further clarification is needed with regards to the DL BWP associate with the SRS-POS-Only UL BWP. Pick one of the following 2 options:
· Option 1: In RRC Inactive, when SRS is configured associated to an UL non-initial BWP, an associated DL BWP is assumed to be configured also inheriting the legacy BWP restrictions.
· Option 2: The DL-BWP of a SRS-POS-only BWP should always be the initial DL BWP. 
· Note: In that case, it would have to be explicitly clarified whether the center frequency of the SRS-POS-only BWP of the initial DL BWP (paired DL WP) need to be the same, or it can be different. 

Proposal 4: For the SRS configuration with dedicated non-initial BWP in RRC Inactive (SRS-Only BWP), A UE should be able to report whether:
· Different numerology between the SRS-only BWP and the initial UL BWP is supported.
· SRS operation without restriction on the BW is supported: BW of the SRS-only BWP may not include BW of the CORESET#0 and SSB 

Proposal 5: Based on other signalled UE capabilities, the UE supports at least one connected mode configuration where a hypothetical BWP defined by this SRS is the active BWP and switching between this active BWP and the initial BWP is supported.

Proposal 6: Support reporting the capability of supporting SRS configuration outside initial BWP in a “per-band” fashion. 

Proposal 7: Support LMF sending to the serving gNB an assumed state related to a UE location request. 
· Note: The actual RRC state is determined by UE/gNB and the LMF is not aware, nor controls the UE RRC state. 

Observation 1: If the measurement period in RRC_INACTIVE depends on the DRX cycle length, which is not known by the LMF, then the LMF may not be able to select an appropriate value for the response time in the location request.
Observation 2: If the DRX cycle is used in the measurement period in TS 38.331, then the LMF should be aware of that information to be able to set the response time accordingy. 
Proposal 8: Support LMF requesting the DRX parameters from the serving gNB of a UE. 
Proposal 9: A per-band DL positioning capability should be defined for RRC inactive state,which includes at least
· DL PRS processing capability in RRC inactive state (FG 27-6)
· UE Rx-Tx measurement reporting (FG 27-18c)
· DL RSTD measurement reporting (FG 27-18a)
· RSRP measurement reporting (FG 27-18b)
· Spatial Relation for positioning SRS in RRC Inactive (FG 27-19)

Observation 3: Our current understanding is that, RAN1 has not yet discussed the applicability of PRS processing window during RRC Inactive state, and therefore, without any further agreements, configuration of PRS processing window and corresponding PRS processing within the PRS processing window is only applicable to RRC Connected state.
Observation 4: In RRC inactive, at least for the purpose of signaling a period of time that a PRS can be prioritized over other DL channels, introducing a dedicated/explicit signaling for configuring or activating a PRS processing window is unnecessary, since we have already agreed that PRS shall be lower priority than any other channel. 
Observation 5: We agree that there needs to be a description of the time intervals before/after the PRS resources that need to be conflict-free for the PRS to be processed in RRC inactive, and that there needs to be a clear understanding with regards to what is considered as “collision”. However, this does not mean that there is a need to make the RRC pre-configured & MAC-CE activated/deactivated PRS processing window feature applicable in RRC inactive state. 
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