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[bookmark: _Ref528762725]1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the LS from RAN1 [1], RAN1 agreed the following conclusions regarding the latency improvement for PRS measurement with MG:
	Agreement
Preconfiguration of MG(s) in RRC is supported from RAN1 perspective.
· Each MG in the preconfiguration is associated with an ID
· The information in the UL MAC CE for MG activation request by the UE can be one ID associated with the preconfiguration of the MG
· Send an LS to RAN2 and RAN3



	Agreement:
Support the following options (in the agreement made in RAN1#106-e) for a new mechanism of MG activation request for the purpose of positioning.
· Option 2: by UE (via UCI or UL MAC CE)
· Select only one of UCI and UL MAC CE in RAN1#106bis-e
· Option 1: by LMF (via an NRPPa message)
· Note: This is transparent to the UE


According to the LS from RAN1 [2], RAN1 agreed the following conclusions regarding the PRS processing window:
	Agreement
PRS processing window request to the gNB by the LMF is supported from RAN1 perspective.
· It is up to RAN3 to design the necessary information to be transferred in the NRPPa message.
· Note: It is up to gNB to determine the usage of measurement gap or PRS processing window
· Include it in the LS to RAN2 and RAN3.

Agreement
For PRS processing window configuration and indication, at least the following mechanism is supported
· RRC (pre-)configuration for PRS processing window configuration and DL MAC CE activation for PRS processing window, respectively.
Include it in the LS to RAN2 and request RAN2 to decide whether DL MAC CE is feasible for this indication.



Further, The email discussion [Post115-e][605][POS] discussed and agreed that option A- based on a validity area (e.g. a list of cells) can be further discussed.
· [Post115-e][605][POS] Pre-configured assistance data (Intel)
Scope: Discuss signalling and validity criteria for pre-configured assistance data:
· Options for validity conditions:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Option A: Based on a validity area (e.g. a list of cells)
· Option B: Based on a (configured) validity timer or a numerical limit on number of times it is utilized
· Option C: Based on explicit modification or release from the LMF/NG-RAN
· Option D: Based on the UE’s current location and/or the time
· Validity in relation to the duration of the positioning session

In this contribution, we provide analysis and proposals on impact on RAN2 specification of Latency Improvement regarding on the above two RAN1 LS, and also address the issue of why the validity condition for pre-configured assistance data is reuired and the solution to support the specific area validity in detail. 
2 Discussion on RAN1 LS related issue
2.1 PRS measurement with MG
2.1.1 Pre-configuration of MG
According to RAN1 discussion, to reduce latency of NR positioning with MGs for DL PRS processing, the pre-configuration of MG is supported by majority of companies. Specifically, the corresponding signaling details need to be designed by RAN2/3, and two main issues need to be further considered: one is how to notify UE of the pre-configuration of MG and the other is how to obtain the pre-configuration of MG.
On the first issue, RAN1 has reached a consensus, as mentioned in LS [1]: "Pre-configuration of MG(s) in RRC is supported from RAN1 perspective and each MG in the Pre-configuration is associated With an ID. ". Therefore, RAN2 need to make such enhancement of RRC to support the NG-RAN to provide the pre-configurations of MG(s) to UE. In legacy, the measurement gap related configuration is provided to UE within the IE MeasGapConfig within RRCReconfiguration message. Thus, RRCReconfiguration message can be reused for the serving NG-RAN node to provide the pre-configured positioning MG(s).
Proposal 1: The pre-configured positioning MG(s) can be provided to UE via RRCReconfiguration message, e.g., a new IE named preConfiguredMGforPosInfotoAddModList-r17 is introduced within the MeasGapConfig, where each entry of the list indicates a positioning MG.
The pre-configured positioning MG(s) is indeed a set of measurement gaps, but dedicated for positioning, and each pre-configured positioning MG should be associated with an ID. Thus, the content of the legacy measurement gap configuration [3], can also apply to the R17 pre-configured positioning MG.
Proposal 2: The content of the legacy measurement gap configutation can also apply for R17 newly introduced pre-configured positioning MG.
The following is an example of the enhancement of RRC based on the above analysis:
------------------------------------------------------------------------------------------------------------------------------------------------
[bookmark: _Toc60777253][bookmark: _Toc83740208][bookmark: _Toc60777252][bookmark: _Toc68015192]–	MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/release of measurement gaps.
MeasGapConfig information element
-- ASN1START
-- TAG-MEASGAPCONFIG-START

MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
]],
[[
preConfiguredMGforPosInfotoAddModList-r17   SEQUENCE (SIZE (1..FFS)) OF preConfiguredMGforPosInfo-r17         OPTIONAL,   -- Need N
preConfiguredMGforPosInfotoRemoveList-r17   SEQUENCE (SIZE (1..FFS)) OF measGapforposID-r17         OPTIONAL   -- Need N
]]

}

GapConfig ::=                       SEQUENCE {
    gapOffset                           INTEGER (0..159),
    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp                                ENUMERATED {ms20, ms40, ms80, ms160},
    mgta                                ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...,
    [[
    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL   -- Cond NEDCorNRDC
    ]],
    [[
    refFR2ServCellAsyncCA-r16           ServCellIndex                                                       OPTIONAL,   -- Cond AsyncCA
    mgl-r16                             ENUMERATED {ms10, ms20}                                             OPTIONAL    -- Cond PRS
    ]]
}
preConfiguredMGforPosInfo-r17::=                      SEQUENCE {
   measGapforposID-r17                  MeasGapforposID-r17 
   measGapforpos-r17                    GapConfig               OPTIONAL,   -- Need M

}

MeasGapforposID-r17 ::=                 INTEGER (0..FFS-1)

-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP
------------------------------------------------------------------------------------------------------------------------------------------------
On the second issue, i.e., how gNB could determine the proper positioning MG pattern in RRC message, there are two possible options:
· Option 1: Pre-configuration of MG can be directly provided by LMF.
· Option 2: LMF provides a full PRS configuration to gNB, the positioning measurement gap related capability, and the gNB determines the pre-configuration of MG.
As for the above optons, we slightly prefer option 2, since the LMF only knows the PRS configuration information of an UE, as well as whether the UE’s positioning measurement gap related capability, but it cannot know the real-time transmission status of the UE and the UE’s radio capability information, thus it is inaccurate and inefficiency for LMF to determine the MG(s) configuration. The NRPPs need to be enhanced to support such functionality, and it is within the scope of RAN3, RAN2 cannot decide it directly without interaction with RAN3. 
[bookmark: _Hlk92577678]Proposal 3: RAN2 to agree and send a LS to indicate to RAN3, that it is gNB to determine the pre-configuration of positioning MG(s), and LMF provides a full PRS configuration, and/or the positioning MG related capability to gNB to assist the gNB to determine the pre-configuraton of positioning MG(s).
2.1.2 MG activation request
On this issue, RAN1 discussed two ways, one is by UE and the other is by LMF.
The majority companies preferred to use UE-initiated activation request procedure, that is, “The UL MAC CE for MG activation request by the UE can be one ID associated with the pre-configuration of the MG”.
According to such design, the signaling flow is shown as below:
Step 1: Pre-configuring MG
The gNB notifies UE of the pre-configured MG(s) and associated ID(s) via RRC messages;
Step 2: Activating MG
The UE selects appropriate positioning MG(s) based on service receiving status, RRM MG configuration, and positioning measurement requirement etc., and then notifies the gNB via UL MAC CE which contains one or more active positioning MG ID(s). Thus, as for the UE initiated MG activation, a new UL MAC CE need to be introduced, which shall provide the bitmaps of the activation status of each positioning MG(s). 
Proposal 4: A new UL MAC CE for positioning MG(s) activation/deactivation is introduced, which provides the bitmaps of the activation status of each positioning MG(s). 
And the following is an example MAC CE, with assumption that the maximum number of pre-configured positioning MG(s) is 8.
------------------------------------------------------------------------------------------------------------------------------------------------


Figure 1: positioning MG activation/deactivation MAC CE
the Ci: If there is a positioning MG configured with ID i, this field indicates the activation/deactivation status of the positioning MG with ID i, else the MAC entity shall ignore the Ci field. The Ci field is set to 1 to indicate that the positioning MG with ID i shall be activated. The Ci field is set to 0 to indicate that the positioning MG with ID i shall be deactivated.
------------------------------------------------------------------------------------------------------------------------------------------------
Proposal 5: RAN2 to agree that the above example MAC CE can be taken as baseline for UE initiated positioning MG activation/deactivation MAC CE.
LMF can’t know other service receiving status of the UE and RRM MG configuration information. In addition, LMF does not know the PRS resources that UE actually choose to use. Therefore, we think it is inefficiency for LMF to activate/deactivate the positioning MG.
On the other hand, there is already a way activating MG that works well, and it seems not necessary to introduce another way to do so. Therefore, activation of MG by LMF is not proposed.
Proposal 6:  Not support the activation of MG by LMF.
2.2 PRS processing window
2.2.1 PRS processing window configuration and activation from NG-RAN to UE 
According to RAN1 discussion, to further reduce the delay of UE for downlink positioning measurement, RAN1 agreed to introduce the concept of PRS Processing window and reached the following conclusions at RAN1#106bis and RAN1#107 meeting: "for PRS processing window configuration and indication, at least the following mechanism is supported: RRC (pre-)configuration for PRS processing window configuration and DL MAC CE activation for PRS processing window respectively". 
Similar like RRC configuration of positioning MG(s), the RRCReconfiguration message can be reused to provide the PRS processing window configuration to UE. 
Proposal 7: The PRS processing window configuration can be provided to UE via RRCReconfiguration message.
In addition, the following agreement is made by RAN1 on the types/priorities of PRS processing window [4] [5]:
	Agreement
The priority of PRS for UE supporting two priority states and three priority states can at least be indicated in RRC.

Agreement
For capability 1A as per working assumption made in RAN1#106-e, the DL signalings/channels in a per UE fashion (i.e. both across NR & LTE) inside the PRS processing window are dropped if the DL PRS is determined to be higher priority.
For capability 1B as per working assumption made in RAN1#106-e, only the DL signalings/channels from a certain band inside the PRS processing window are dropped if the DL PRS is determined to be higher priority.

	Working assumption:
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.
· Inside the PRS processing window, subject to the UE determining that DL PRS to be higher priority, support the following UE capabilities: 
· Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside the window. 
· Cap. 1A: The DL signals/channels from all DL CCs (per UE) are affected. 
· Cap. 1B: Only the DL signals/channels from a certain band/CC are affected. 
· FFS: band or CC
· Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside the window 
· A UE shall be able to declare a PRS processing capability outside MG. 
· FFS: Details of capability signalling (e.g., per UE or per band, etc.)






In accordance with above UE capability, there are different types of PRS processing window configured, 
· In Type-1A, the processing window applies to all DL CCs (LTE/NR), which is per UE level PRS processing window configuration. 
· In Type-1B/2 the PRS processing applies to certain band (per-BWP)/CC (per-Cell), which should be in per cell level or per BWP level PRS processing window configuration.
Thus, from this perspective, the PRS processing window should at least be configured per BWP to cover the PRS outside MG on the CC/BWP. Considering the flexibility, we propose that the PRS processing window should be configured per BWP. 
Proposal 8: RAN2 to agree that the PRS processing window is configured on per BWP level.
Further in the LS [2], RAN2 is asked to decide whether MAC CE is feasible for indicating the activated PRS processing window. In general, from our perspective, this depends on the number of PRS processing window can be configured per BWP, which is still FFS now. And This may lead to different RRC signalling design and MAC CE format. Thus, we propose that RAN2 should confirm with RAN1 on the number of PRS processing window can be configured per CC or per BWP.
Proposal 9: RAN2 to confirm with RAN1 on the number of PRS processing window can be configurd per BWP before to discuss the detailed RRC and/or MAC CE format
If there is more than one PRS processing window can be configured, it is valid to use DL MAC CE to provide the bitmap of the activation/deactivation status of each PRS processing window.
Proposal 10: If more than one PRS processing window can be configured per BWP, RAN2 to agree that:
· A new PRS processing window activation/deactivation DL MAC CE is introduced to activate or deactivate the PRS processing window pre-configured;
· The newly intrdocued PRS processing window activation/deactivation DL MAC CE provide the bitmap of the activation/deactivation status of each PRS processing window
However, once there is only one PRS processing window can be configured per BWP, we think there is no need to split the configuration and activation procedure. I.e., when the current NG-RAN node decides to use the PRS processing window, it can directly send the PRS processing window configuration to the UE directly, and the configurations is actived immediately after send to UE.
Proposal 11: If only one PRS processing window can be configured per BWP, RAN2 to agree that the processing window is activated immediately after it is configured to UE.
2.2.2 PRS processing window request between LMF and NG-RAN
According to RAN1 discussion, to support PRS measurement outside the MG, different UE capabilities need to be considered. Further, when gNB configures and activates PRS processing window configuration, the above PRS processing capability information helps gNB know which service data may be affected and schedule them accordingly. At present, this part of UE capability is most likely to be transmitted to LMF via LPP message. Therefore, NRPPa needs to support the corresponding signaling procedure to transfer this part of capability to the gNB. 
In addition, to allow gNB to be aware of symbol level scheduling availability of Capability 2 UE, a full PRS configuration, instead of the PRS span should be useful. The full configuration could also provide the PRS bandwidth and numerology information for the gNB to decide whether BWP switching is required.
Proposal 12: RAN2 to agree the PRS processing window configuration mechanism need to support the following functionaility and send a LS to indicate to RAN3:
· LMF to transfer the UE’s positioning capability to the gNB;
· LMF to transfer a full PRS configuration of the UE to the gNB
2.2.3 LPP enhancement to support the PRS processing window related capability
[bookmark: _Hlk92643016]As for the PRS processing window related capability, we think that this part of UE capability is most likely to be transmitted to LMF via LPP message. Therefore, the LPP Provide Capability message need to be enhanced to indicte the above PRS processing window related capability for both DL and Multi-RTT positioning methods.
Proposal 13: The PRS processing window related capability need to be introduced in the LPPProvideCapability message for DL and Multi-RTT positioning method.
3 Discussion on validity condition for pre-configured assistance data
3.1 Why validity criteria based on a validity area
Why the validity criteria for the pre-configured assistance data are required is discussed but there is consistent conclusion yet. Some company argued that the LMF can assign proper pre-configured AD which is like the provided AD in LPP session.
What’s the difference on assistance data between pre-configured and provided assistance data directly during the LPP session? The pre-configured assistance data can be much larger than the provided assistance data during the LPP session, considering the purpose of pre-configured assistance data.


Proposal 14: RAN2 to agree to introduce validity criteria for pre-configured assistance data within each TRP.
3.2 Cadidate solution
The reason why companies support validity area of pre-configured assistance data, e.g. DL-PRS is that DL-PRS are based on TRPs where the DL-PRS is send. The DL-PRS is something like SSB which is irrealteive with time validatity, but relative where it is sent. 
The natural way to set the validity area is a list of cells for each DL-PRS: Option A: Based on a validity area (e.g. a list of cells).
The other way to set the validity area is the indication of area ID: Option B: area ID.


Figure 2-1 TRPs within areaID
Taking 256 TRPs of DL-PRS as an example, the signalling analysis on two options is below: 
· Option A: each TRP carries a list of cells which are 16 cells in maximum with PhysCellID in 10 bits
· Option B: each TRP carries area ID which indicate what the area the TRP belongs.
	Candidate options
	Signalling resources

	Option A: Cell list for each TRP
	256(TRP)*16 (cells)*10(PhysCellID) = 40Mbit

	Option B: Area ID for each TRP
	256 TRP * 24(area ID) = 6Mbit




85% signalling with Option B (area ID) can be saved compared with option A (cell list).
Observation 1: Area ID can save 85% signalling resources compared with cell list for pre-configured assistance based on a specified area.
Proposal 15: RAN2 to agree to area ID within each TRP for pre-configured assistance based on a specified area.
3.3 Stage-3 impact
What the areaID?
The areaID can be systemInformationAreaID or RAN ID which is broadcast in SI. UE can compared the systemInformationAreaID or RAN ID which its serving cell belongs with the areaID in the pre-configured assistance. If the areaID in the pre-configured assistance is identical to the systemInformationAreaID or RAN ID which is associated with the serving cell, it is considerd the associated pre-configured assistance as valid.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 16: RAN2 to discuss the candidate areaID: systemInformationAreaID（SIAID）or RAN ID. 
4 Conclusions
In the previous sections we made the following proposals:
Observation 1: Area ID can save 85% signalling resources compared with cell list for pre-configured assistance based on a specified area.

Proposal 1: The pre-configured positioning MG(s) can be provided to UE via RRCReconfiguration message, e.g., a new IE named preConfiguredMGforPosInfotoAddModList-r17 is introduced within the MeasGapConfig, where each entry of the list indicates a positioning MG.
Proposal 2: The content of the legacy measurement gap configutation can also apply for R17 newly introduced pre-configured positioning MG.
Proposal 3: RAN2 to agree and send a LS to indicate to RAN3, that it is gNB to determine the pre-configuration of positioning MG(s), and LMF provides a full PRS configuration, and/or the positioning MG related capability to gNB to assist the gNB to determine the pre-configuraton of positioning MG(s).
Proposal 4: A new UL MAC CE for positioning MG(s) activation/deactivation is introduced, which provides the bitmaps of the activation status of each positioning MG(s). 
Proposal 5: RAN2 to agree that the above example MAC CE can be taken as baseline for UE initiated positioning MG activation/deactivation MAC CE.
Proposal 6:  Not support the activation of MG by LMF.
Proposal 7: The PRS processing window configuration can be provided to UE via RRCReconfiguration message.
Proposal 8: RAN2 to agree that the PRS processing window is configured on per BWP level.
Proposal 9: RAN2 to confirm with RAN1 on the number of PRS processing window can be configurd per BWP before to discuss the detailed RRC and/or MAC CE format
Proposal 10: If more than one PRS processing window can be configured per BWP, RAN2 to agree that:
· A new PRS processing window activation/deactivation DL MAC CE is introduced to activate or deactivate the PRS processing window pre-configured;
· The newly intrdocued PRS processing window activation/deactivation DL MAC CE provide the bitmap of the activation/deactivation status of each PRS processing window
Proposal 11: If only one PRS processing window can be configured per BWP, RAN2 to agree that the processing window is activated immediately after it is configured to UE.
Proposal 12: RAN2 to agree the PRS processing window configuration mechanism need to support the following functionaility and send a LS to indicate to RAN3:
· LMF to transfer the UE’s positioning capability to the gNB;
· LMF to transfer a full PRS configuration of the UE to the gNB
Proposal 13: The PRS processing window related capability need to be introduced in the LPPProvideCapability message for DL and Multi-RTT positioning method.
Proposal 14: RAN2 to agree to introduce validity criteria for pre-configured assistance data within each TRP.
Proposal 15: RAN2 to agree to area ID within each TRP for pre-configured assistance based on a specified area.
Proposal 16: RAN2 to discuss the candidate areaID: systemInformationAreaID（SIAID）or RAN ID. 
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