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In this contribution, we going to discuss the signaling between NG-RAN (gNB) and 5GC (LMF) to support NR positioning, including the following messages.
AD request and release (LMF  gNB)
AD provide (gNB  LMF)
UL configuration request (LMF  serving gNB)
UL configuration provide (serving gNB  LMF)
Location information request (LMF  NG-RAN)
Location information provide (NG-RAN  LMF)

Discussion
AD request and release
To allow LMF to configure the QCL information of PRS, LMF may request QCL information for each PRS, which should be included in the AD request.
On-demand PRS would allow NG-RAN to save power or maximize resource utilization by switching off some PRS transmission. Since LPP sessions are transparent to the NG-RAN, LMF may indicate to the NG-RAN whether to switch on and off PRS transmission based on the current load. The on-demand PRS request can be included in the message of PRS information request between LMF and NG-RAN, so that explicit signaling can be indicated to NG-RAN to support
Request NG-RAN to provide full PRS configurations
Recommend NG-RAN to switch off PRS configuration on a PRS resource set basis
Request NG-RAN to switch on PRS configuration on a PRS resource set basis
Proposal 1: Support LMF to request NG-RAN to 
Provide QCL source of PRS,
Provide full PRS configuration, and
· Partially switch on/off PRS transmission from the full PRS configuration.

AD provision
Upon request of QCL source of PRS, NG-RAN may provide the QCL source along in the assistance data with PRS configuration. 
For the QCL source as SSB, each NG-RAN node should provide the time-frequency occupancy of the SSB, including the following information, which is similar to what is proposed to be provided to the UE [1].
PCI (TRP-specific)
SSB frequency (TRP-specific)
SSB subcarrier spacing (TRP-specific)
SSB periodicity, including 5ms offset (TRP-specific)
SSB index (PRS resource specific)
Proposal 2: Support NG-RAN to provide QCL source reference signal to the LMF along with PRS configuration.
For SSB
· PCI (TRP-specific)
· SSB frequency (TRP-specific)
· SSB subcarrier spacing (TRP-specific)
· SSB periodicity, including 5ms offset (TRP-specific)
· SSB index (PRS resource specific)

UL configuration request
The SRS configuration is request by the LMF to the serving gNB. In LTE, the request information includes [2]
Number of transmissions
Bandwidth
However, in NR, since we are envisioning a more complex SRS transmission feature including multiple SRS resources and multiple SRS resource sets, more information should be provided in the requested message.
The configuration may include
Number of expected frequency layers (in case UE supports CA)
Number of SRS resource sets per frequency layer
For each frequency layer
· Number of transmissions for all SRS resources configured in that frequency layer
· Bandwidth for all SRS resources configured in that frequency layer
· SSB information that potentially may be used for pathloss reference signal, and spatial relation info reference signal
· For each SRS resource set 
· Recommended pathloss reference signal, which can be PRS, or SSB
· Number of SRS resources in the SRS resource set, and for each SRS resource
· Recommended spatial relation info reference signal, which can be PRS, SSB, or SRS
Still, it is up to gNB to decide how SRS are configured to the UE, and returns the configuration to the LMF.
Proposal 3: Support LMF request the configuration of SRS from the serving gNB with
Number of expected frequency layers
Number of SRS resource set per frequency layer
For each frequency layer
· Number of transmissions for all SRS resources configured in that frequency layer
· Bandwidth for all SRS resources configured in that frequency layer
· For each SRS resource set
· Number of SRS resources in that resource set
· Other information to help gNB to configure pathloss reference signals and spatial relation info reference signals

UL configuration provision
In response, gNB should provide the SRS configuration, which can be either SRS for positioning specified Rel-16 or SRS specified in Rel-15. All fields that specify the SRS resource/resource set are reported to the LMF, which may contain the spatialRelationInfo and pathlossReferenceRS, recommended by the LMF.
Proposal 4: Serving gNB provides all fields pertaining to the SRS configuration (sent to the UE) to the LMF, which may contain the spatialRelationInfo and pathlossReferenceRS recommended by the LMF in the request message.

Location information request
Location information request serves two purposes
[SRS measurement request] Request neighbouring gNB/serving gNB to measure UL-RTOA/UL-AOA/gNB Rx – Tx time difference based on SRS configuration.
[DL-AoD angle resolution request] Request neighbouring gNB/serving gNB to measure UL-AoA based on RSRP report received at the LMF sent by the UE.
For SRS measurement request, LMF should provide the SRS configuration received from the serving gNB to the neighbouring gNB/serving gNB. It is possible that LMF sends only a part of SRS configuration to a specific gNB, given the knowledge that an SRS resource is already configured with the spatialRelationInfo corresponding to the DL RS from that gNB, shown in Figure 1.
LMF
Serving gNB
Neigh. gNB1
Neigh. gNB2
SRS configuration associated with neighbouring gNB 1 
SRS configuration associated with neighbouring gNB 2
UL configuration provide
Location information request

[bookmark: _Ref23356256]Figure 1 Sending partial SRS configuration from LMF to a gNB
For DL-AoD angle resolution request, LMF should provide the RSRP measurement from the UE to the neighbouring/serving gNB. The message should include
{TRP ID, Cell ID} to identify the TRP
PRS resource set ID for that TRP
A list of PRS resource ID
A list of differential RSRP, each associated with the PRS resource ID in the reported resource set.
Proposal 5: Location information request from LMF to NG-RAN includes
SRS measurement request to trigger NG-RAN to measure SRS
· SRS configuration for the NG-RAN node to measure
· Requested measurement, including UL-RTOA, gNB Rx – Tx time difference, AOA/ZOA, SRS-RSRP.
DL-AoD angle resolution request to trigger NG-RAN to provide AOA/ZOA based on RSRP measurements
· {TRP ID, Cell ID} to identity the TRP
· PRS resource set ID for that TRP
· A list of PRS resource ID
· A list of differential RSRP, each associated with the PRS resource ID in the reported resource set.

Location information provide
Upon request, NG-RAN should provide the requested measurements, including
1. UL-RTOA, and its quality
1. gNB Rx – Tx time difference, and its quality
1. AOA/ZOA, and its equality
1. SRS-RSRP
It is worth noting that AOA/ZOA can be either based on measurement from SRS by SRS measurement request or based on RSRP by DL-AoD angle resolution request.
Proposal 6: Location information provide from NG-RAN to LMF includes the measurement and the quality requested by the LMF, where the AOA/ZOA can be either based on SRS or RSRP measurement.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discuss the issues related to angle resolution in DL-AoD and beam configuration aspects. Based on the discussion, we have the following observations and proposals:
Proposal 1: Support LMF to request NG-RAN to 
Provide QCL source of PRS,
Provide full PRS configuration, and
· Partially switch on/off PRS transmission from the full PRS configuration.
Proposal 2: Support NG-RAN to provide QCL source reference signal to the LMF along with PRS configuration.
For SSB
· PCI (TRP-specific)
· SSB frequency (TRP-specific)
· SSB subcarrier spacing (TRP-specific)
· SSB periodicity, including 5ms offset (TRP-specific)
· SSB index (PRS resource specific)
Proposal 3: Support LMF request the configuration of SRS from the serving gNB with
Number of expected frequency layers
Number of SRS resource set per frequency layer
For each frequency layer
· Number of transmissions for all SRS resources configured in that frequency layer
· Bandwidth for all SRS resources configured in that frequency layer
· For each SRS resource set
· Number of SRS resources in that resource set
· Other information to help gNB to configure pathloss reference signals and spatial relation info reference signals
Proposal 4: Serving gNB provides all fields pertaining to the SRS configuration (sent to the UE) to the LMF, which may contain the spatialRelationInfo and pathlossReferenceRS recommended by the LMF in the request message.
Proposal 5: Location information request from LMF to NG-RAN includes
SRS measurement request to trigger NG-RAN to measure SRS
· SRS configuration for the NG-RAN node to measure
· Requested measurement, including UL-RTOA, gNB Rx – Tx time difference, AOA/ZOA, SRS-RSRP.
DL-AoD angle resolution request to trigger NG-RAN to provide AOA/ZOA based on RSRP measurements
· {TRP ID, Cell ID} to identity the TRP
· PRS resource set ID for that TRP
· A list of PRS resource ID
· A list of differential RSRP, each associated with the PRS resource ID in the reported resource set.
Proposal 6: Location information provide from NG-RAN to LMF includes the measurement and the quality requested by the LMF, where the AOA/ZOA can be either based on SRS or RSRP measurement.
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