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In RAN3#106, the following NRPPa message structure was agreed [2] [3].
Table 8.1-1: Class 1 Elementary Procedures
	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	E-CID Measurement Initiation
	E-CID MEASUREMENT INITIATION REQUEST
	E-CID MEASUREMENT INITIATION RESPONSE
	E-CID MEASUREMENT INITIATION FAILURE

	OTDOA Information Exchange
	OTDOA INFORMATION REQUEST
	OTDOA INFORMATION RESPONSE
	OTDOA INFORMATION FAILURE

	Positioning Information Exchange
	POSITIONING INFORMATION REQUEST
	POSITIONING INFORMATION RESPONSE
	POSITIONING INFORMATION FAILURE

	Measurement
	MEASUREMENT REQUEST
	MEASUREMENT RESPONSE
	MEASUREMENT FAILURE



Table 8.1-2: Class 2 Elementary Procedures
	Elementary Procedure
	Initiating Message

	E-CID Measurement Failure Indication
	E-CID MEASUREMENT FAILURE INDICATION

	E-CID Measurement Report
	E-CID MEASUREMENT REPORT

	E-CID Measurement Termination
	E-CID MEASUREMENT TERMINATION COMMAND

	Error Indication
	ERROR INDICATION

	Positioning Information Update
	POSITIONING INFORMATION UPDATE

	Measurement Report
	MEASUREMENT REPORT

	Measurement Update
	MEASUREMENT UPDATE

	Measurement Abort
	MEASUREMENT ABORT

	Measurement Failure Indication
	MEASUREMENT FAILURE INDICATION



In this contribution, we going to discuss the signaling details for the following messages:
POSITIONING INFORMATION REQUEST (LMF  serving gNB)
POSITIONING INFORMATION RESPONSE (serving gNB  LMF)
MEASUREMENT REQUEST (LMF  NG-RAN)
MEASUREMENT RESPONSE (NG-RAN  LMF)
There was an LS from RAN3 (R3-197794) [4] to RAN2; although RAN1 is not in the recipient’s list, we also think that some analysis from RAN1 perspective is helpful in determining the signaling in NG-RAN to support DL-AoD. Therefore, we also provide our view on DL-AoD.

Discussion on UL measurements
POSITIONING INFORMATION REQUEST
The SRS configuration is request by the LMF to the serving gNB. In LTE, the request information includes [1]
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 SRSs are configured to the UE, and return the configuration to the LMF.
Proposal 1: For the message POSITIONING INFORMATION REQUEST, support LMF to request the configuration of SRS from the serving gNB with
Number of expected UL frequencies
Number of SRS resource set per UL frequency
For each UL frequency
· Number of transmissions for all SRS resources
· Bandwidth for all SRS resources
· For each SRS resource set
· Number of SRS resources
· Recommended pathloss reference signal
· For each SRS resource
· Recommended spatial relation info reference signal

POSITIONING INFORMATION RESPONSE
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, except those fields related to the periodicity. The reason is that even from RAN1 and RAN2 perspective, there may be periodic, semi-persistent, and aperiodic SRS configuration between serving gNB and UE, but those SRS should not be differentiated from NRPPa signaling perspective, and all SRS to be received by the neighbouring gNB should be described by
Number of transmissions
Periodicity and offset.
It means that
For aperiodic SRS configuration, it should be converted to a pre-scheduled transmission similar to a periodic SRS with the periodicity and offset, and with the number of transmissions, which can be at least 1.
For semi-persistent SRS configuration, it should be converted to a periodic SRS with the same periodicity and offset.
Proposal 2: For the message POSITIONING INFORMATION RESPONSE, serving gNB provides all fields pertaining only to the periodic SRS configuration (sent to the UE) to the LMF.
The selection between Rel-15 SRS and Rel-16 SRS for positioning is up to the serving gNB.

MEASUREMENT REQUEST
MEASUREMENT REQUEST is used to request neighbouring gNB/serving gNB to measure UL-RTOA/UL-AOA/gNB Rx – Tx time difference based on SRS configuration.
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
Proposal 3: The message MEASUREMENT REQUEST includes
UL measurement request to trigger NG-RAN to provide the measurement based on SRS
· SRS configuration for the NG-RAN node to measure
· Requested measurement, including UL-RTOA, gNB Rx – Tx time difference, AOA/ZOA, SRS-RSRP.

MEASUREMENT RESPONSE
Upon request, NG-RAN should provide the requested measurements, including
UL-RTOA, and its quality
gNB Rx – Tx time difference, and its quality
AOA/ZOA, and its equality
SRS-RSRP
Proposal 4: The message MEASUREMENT RESPONSE includes the measurement and the quality requested by the LMF.

Discussion on DL-AoD
The DL-AoD that achieves the commercial requirements in [5] actually needs multiple RSRP measurements under a fixed Rx beam across multiple Tx beams from the same TRP, so there exists a mapping between the received RSRPs based on DL PRS resources and the estimate of the angle of departure.
In the LS from RAN3 [4], RAN3 prefers that the angle conversion is at LMF, shown as follows.
	From architecture perspective; there are two options for the measurements reporting and AOD calculation: 
Option 1: LMF calculates the AOD based on the UE measurements and RAN node assistance information. LMF then further calculates UE location based on the AODs.
Option 2: The RAN nodes calculate the AoD with the RSRP information based on gNB configuration and send the AoD information back to LMF, who then calculates the UE position.  
RAN3 has discussed and prefers to support option 1 for DL-AOD positioning method in the stage 2 specifications.



In our view, it has larger specification impact if we go with Option 1. The RAN node assistance information may be huge, for example, the following table either in the form of (a) or (b) should be sent in the NRPPa assistance data information, where (a) assumes that the table is sorted by angle, and (b) assumes that the table is sorted by PRS resources.
For (a), to achieve 1 degree angle resolution for AoA and ZoA, at least 180x180 angles should be listed; for each angle, at least 8 resource IDs with the highest gain on the angle should be selected with at least 7 normalized radiation patterns, each of which should be quantized to 5 bits to represent the 0-31dB with 1dB granularity, and therefore for each TRP, the mapping would consume 180x180x7x5 = 1.1M bits for the radiation pattern; additional bits including angle and PRS ID would increase the overhead. Similar consumption is expected for (b).
Observation 1: The overhead of reporting beam pattern from NG-RAN to LMF is too high.
1.1 Mbits for a TRP.

Table 1 RAN node assistance information for beam pattern
	(a)
		Angle
	PRS resource ID
	Normalized radiation pattern, where  is the radiation pattern of PRS resource ID#x_y from angle#x

	Angle#0
	ID#0_0
	Normalized to 1

	
	ID#0_1
	

	
	ID#0_2
	

	
	...
	...

	Angle#1
	ID#1_0
	Normalized to 1

	
	ID#1_1
	

	
	ID#1_2
	

	
	...
	...

	...
	...
	...




	
	

	(b)
		PRS resource ID
	Angle
	Radiation pattern, where  is the radiation pattern of PRS resource ID#y from angle#x

	ID#0
	Angle#0
	

	
	Angle#1
	

	
	Angle#2
	

	
	...
	

	ID#1
	Angle#0
	

	
	Angle#1
	

	
	Angle#2
	

	
	...
	...

	...
	...
	...






However, if we go with Option 2, the specification impact is small, LMF only needs to pass the measurements received from the UE to the NG-RAN, and NG-RAN returns angle measurement associated with the angle quality. Note that Option 2 does not make the RAN into a calculation node, it is similar to angle measurement based on SRS.
To achieve this, LMF may include those measurement in the message MEASUREMENT REQUEST. Instead of requesting the NG-RAN node to acquire timing or angle measurement from the SRS, LMF simply requests the NG-RAN node to acquire the angle measurement based on the provided RSRP measurement.
In response, NG-RAN returns the angle measurement to LMF via MEASUREMENT RESPONSE, including the quality, similar to measurement based on SRS.
Observation 2: Option 2 (NG-RAN translates the RSRP measurement to angle measurement) fits well in the message MEASUREMENT REQUEST/RESPONSE that used for UL measurement transfer.
Proposal 5: The message MEASUREMENT REQUEST also includes
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 RSRPs, each of which is associated with the PRS resource ID in the reported resource set.
Proposal 6: The measurement of AOA/ZOA, and their quality contained in the message MEASUREMENT RESPONSE for UL-AoA positioning can be used to transfer the angle measurement for DL-AoD positioning.

[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:
Observation 1: The overhead of reporting beam pattern from NG-RAN to LMF is too high.
· 1.1 Mbits for a TRP.
Observation 2: Option 2 (NG-RAN translates the RSRP measurement to angle measurement) fits well in the message MEASUREMENT REQUEST/RESPONSE that used for UL measurement transfer.
Proposal 1: For the message POSITIONING INFORMATION REQUEST, support LMF to request the configuration of SRS from the serving gNB with
Number of expected UL frequencies
Number of SRS resource set per UL frequency
For each UL frequency
· Number of transmissions for all SRS resources
· Bandwidth for all SRS resources
· For each SRS resource set
· Number of SRS resources
· Recommended pathloss reference signal
· For each SRS resource
· Recommended spatial relation info reference signal
Proposal 2: For the message POSITIONING INFORMATION RESPONSE, serving gNB provides all fields pertaining only to the periodic SRS configuration (sent to the UE) to the LMF.
The selection between Rel-15 SRS and Rel-16 SRS for positioning is up to the serving gNB.
Proposal 3: The message MEASUREMENT REQUEST includes
UL measurement request to trigger NG-RAN to provide the measurement based on SRS
· SRS configuration for the NG-RAN node to measure
· Requested measurement, including UL-RTOA, gNB Rx – Tx time difference, AOA/ZOA, SRS-RSRP.
Proposal 4: The message MEASUREMENT RESPONSE includes the measurement and the quality requested by the LMF.
Proposal 5: The message MEASUREMENT REQUEST also includes
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: The measurement of AOA/ZOA, and their quality contained in the message MEASUREMENT RESPONSE for UL-AoA positioning can be used to transfer the angle measurement for DL-AoD positioning.
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