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Introduction
In this contribution, we provide our further consideration on DL procedures for NR positioning and we focus on DL beam alignment, on-demand PRS, and angle resolution for DL-AoD.
Discussion
0. DL beam alignment、
In the running CR, the PRS configuration is given as follows:
NR-DL-PRS-Config-r16 ::= SEQUENCE {

	nr-DL-PRS-ConfigTRP-List-r16	SEQUENCE (SIZE (1..nrMaxTRP)) OF NR-DL-PRS-ConfigTRP-r16,
	...
}

NR-DL-PRS-ConfigTRP-r16 ::= SEQUENCE {
	trp-id-r16					INTEGER (0..ffs),
	dl-PRS-ResourceSetList-r16		SEQUENCE (SIZE (1..nrMaxSets)) DL-PRS-ResourceSet-r16,	
	dL-PRS-SFN0-Offset-r16		INTEGER (1..FFS),			-- FFS us
	ss-PBCH-BlockPower-r16		INTEGER (-60..50),
	...
}


DL-PRS-ResourceSet-r16 ::= SEQUENCE {
	dL-PRS-ResourceSetId-r16			INTEGER (0..ffs),	--FFS on the value range
	dL-PRS-Periodicity-r16				ENUMERATED {s4, s5, s8, s10, s16, s20, s32, s40, s64, s80, s160, s320, s640, s1280, s2560, s5120, s10240, s20480},
	dL-PRS-ResourceRepetitionFactor-r16	ENUMERATED {n1, n2, n4, n6, n8, n16, n32},
	dL-PRS-ResourceTimeGap-r16			ENUMERATED {s1, s2, s4, s8, s16, s32},
	dL-PRS-ResourceSetSlotOffset-r16	INTEGER {0..DL-PRS-Periodicity-1},
	dL-PRS-ResourceList-r16				SEQUENCE (SIZE (1..nrMaxResources)) OF DL-PRS-Resource-r16,
	dL-PRS-NumSymbols-r16				ENUMERATED {n2, n4, n6},	-- FFS on {1, 3, 8, 12}
	dL-PRS-MutingPattern-r16			CHOICE {
			po2-r16							BIT STRING (SIZE(2)),
			po4-r16							BIT STRING (SIZE(4)),
			po8-r16							BIT STRING (SIZE(8)),
			po16-r16						BIT STRING (SIZE(16)),
			po32-r16						BIT STRING (SIZE(32)),
			...
		}															OPTIONAL,	-- Cond ?
	dL-PRS-ResourcePower-r16			INTEGER (0..ffs),	--FFS on the value range
	dL-PRS-CombSizeN-r16				ENUMERATED {n2, n4, n6},	
--FFS in RAN1PositioningFrequencyLayer or DL-PRS-ResourceSet or Per TRP
	...
	nrMaxResources	INTEGER ::= ffs	-- Maximum resources can be configured for one set
	nrMaxSets	INTEGER ::= ffs	-- Maximum resources set can be configured for one TRP
}

DL-PRS-Resource-r16 ::= SEQUENCE {
	dL-PRS-ResourceId-r16				INTEGER (0..ffs),	--FFS on the value range
	dL-PRS-SequenceId-r16				INTEGER {0.. 4095},	--FFS larger value
	dL-PRS-ReOffset-r16					INTEGER (0..ffs),	--FFS on the value range
	dL-PRS-ResourceSlotOffset-r16		CHOICE {
			n2-r16							INTEGER (0..1),
			n4-r16							INTEGER (0..3),
			n6-r16							INTEGER (0..5)
		},
	dL-PRS-ResourceSymbolOffset-r16		INTEGER (0.. MaxResoourceOffsetValue),
--FFS in RAN1 on MaxResoourceOffsetValue
	dL-PRS-QCL-Info-r16					ENUMERATED {typeC, typeD},
	...
}
From the above fields under the the PRS configuration, we only see the QCL type configuration while do not see the QCL relationship configuration between PRS and QCL source reference signal, e.g., CSI-RS or SSB, without which beam alignment cannot be performed. 

To achieve Rx beam alignment, the Rel-15 QCL (quasi co-location) indication could be considered and reused. For example, UE may be configured for PRS with a QCL source RS, whose Rx beam information is already known by the UE, so UE does not have to perform Rx beam training to receive PRS, and the oriented PRS reception could be achieved. 
Proposal 1: QCL relationship should be configured between source RS and PRS.
In order for LMF to provide the information pertaining to the QCL source RS of PRS, gNB should provide additional assistance data along with the PRS configuration to the LMF.
Proposal 2: To facilitate QCL relationship configuration between a source RS and PRS transmitted from the same gNB, a gNB should provide the source RS along with the PRS configuration to the LMF.
On-demand PRS
According to the agreement in the RAN1 AH 1901 meeting, NR needs to support localized-in-time DL PRS transmissions with periodic and/or on-demand resource allocation. PRS transmission with on-demand resource allocation is not supported in LTE, where PRS is preconfigured to the network nodes as part of their intrinsic properties and it is transferred to the E-SMLC/LMF via the LPPa/NRPPa protocol for positioning usage. To achieve the on-demand resource allocation for DL PRS, there may be two options:
· Option1: LMF to configure PRS resources of related gNBs based on QoS requirement of UE’s LCS. 
· Option 2: gNBs to decide it PRS resources configuration according some inputs from LMF. 
But anyway, no matter which option is adopted, a new procedure is needed to achieve PRS transmission with on-demand resource allocation. Meanwhile, since PRS could be on-demand, LMF can also indicate gNB to switch off some PRS transmission as long as the respective demand does not exist anymore.
[bookmark: OLE_LINK1]Proposal 3: A new procedure should be introduced to support PRS transmission with on-demand resource allocation. 
This procedure includes at least three steps like the following figure.


· Step 1: AMF sends the positioning request to LMF with positioning QoS requirement, including horizontal positioning accuracy, vertical positioning accuracy, delay requirement, etc. (UE positioning QoS requirement could be obtained from AMF for MT-LR and NI-LR)
· Step 2: If adopting option 1, LMF will indicate gNB PRS configuration based on UE’s positioning requirement, e.g. PRS bandwidth, PRS period, etc. This message also could indicate the releasing of PRS resources. If adopting option 2, LMF will transfer UE’s positioning requirement to gNB (OTDOA INFORMATION REQUEST message could be reused).
· Step 3: If adopting option 1, gNB could decide whether the PRS configuration from LMF based on its current load situation and response to LMF. If adopting option 2, gNB will decide PRS configuration based on positioning requirement of multiple UEs and current load situation, and feedback this PRS configuration to LMF. (OTDOA INFORMATION RESPONSE message could be resued)
Proposal 4: The procedure to support on-demand PRS transmission should include (a) PRS configuration indication from LMF to gNBs, and (b) PRS configuration response from gNB to LMF.
After obtaining PRS configuration from gNBs, LMF could decide transmit all PRS resource configuration to UE or just subset of PRS resource configuration to UE based on some other information (as shown in the Figure 1). The decreasing of PRS resources is helpful to reduce UE complexity when receiving PRS. To assist LMF make a proper decision, the following information can be used.
· PRS measurement report in the previous LPP session
· Coarse UE location estimate and beam direction information reported by each gNB
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[bookmark: _Ref23787604]Figure 1 PRS configuration to UE
Based on the response from the gNB, A subset of PRS resources from the full set of PRS resource for each TRP can be selected by LMF in assistance data delivery to the UE.
To further assist LMF to select the subset of PRS resources for a TRP, UE can also report RRM measurements in RequestAssistanceData.
Proposal 5: Support UE to report RRM measurement to the LMF in RequestAssistanceData.
Angle resolution for DL-AoD
In the running stage-2 CR, the location information transfer procedure for DL-AoD includes both LMF-initiated and UE-initiated Location Information Delivery procedure (as shown in the following figures) as DL TDOA positioning procedure. 
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Figure 1 LMF-initiated Location Information Transfer Procedure
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Figure 2 UE-initiated Location Information Delivery Procedure
By this procedure, LMF could obtain DL AoD measurements available at the UE. As agreed by RAN1, the measurement quantity of DL AoD is RSRP value. This means that LMF only can obtain the RSRP values of cells after the procedure of providing location information but not the angles. Angle resolution is needed to translate the RSRP measurement (specifically for DL-AoD) reported from UE to angle information. 
One possible method is that LMF performs angle resolution by itself, but this needs that LMF owns all spatial beam configuration of all gNBs measured by UE. Considering that the spatial beam configuration is gNB specific and the size is large usually, this will increase signaling overhead largly. Another possible method is that each gNB performs angle resolution after receiving corresponding RSRP values from LMF. This procedure can be included either with a new message or an existing message for UL measurement request. Figure 3 uses exemplary messages as DAOD MEASUREMENT REQUEST and DAOD MEASUREMENT RESPONSE to carry out angle resolution procedure.
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[bookmark: _Ref22841606]Figure 2 Angle resolution at NG-RAN based on request from LMF
Proposal 6: Introduce the mechanism of angle resolution at NG-RAN based on request from LMF.
· RAN3 to decide whether to use new messages or reuse existing messages.
· The request includes the RSRP report from UE and associated PRS identity.
· The response includes AOA/ZOA and its respective quality, similar to UL-AoA measurement.
Conclusion
In this contribution, we provided our further consideration on NR DL positioning method from RAN2 perspective, and we get the following observation and proposals:
Proposal 1: QCL relationship should be configured between source RS and PRS.
Proposal 2:  To facilitate QCL relationship configuration between a source RS and PRS transmitted from the same gNB, a gNB should provide the source RS along with the PRS configuration to the LMF.
Proposal 3: a new procedure to support PRS transmission with on-demand resource allocation.
[bookmark: _GoBack]Proposal 4: The procedure to support on-demand PRS transmission should include PRS configuration indication from LMF to gNBs, and PRS configuration response from gNB to LMF.
Proposal 5: Support UE to report RRM measurement to the LMF in RequestAssistanceData.
Proposal 6: Introduce the mechanism of angle resolution at NG-RAN based on request from LMF.
· RAN3 to decide whether to use new messages or reuse existing messages.
· The request includes the RSRP report from UE and associated PRS identity.
· The response includes AOA/ZOA and its respective quality, similar to UL-AoA measurement.

3GPP
image2.png




image3.png




image4.png




image5.png




image4.emf
UE LMF

2. LPP Provide Location Information

1. LPP Request Location Information


image5.emf
UE LMF

1. LPP Provide Location Information


image1.emf
AMF

LMF

gNBs

1. Positioning request with QoS 

requirement

2. NRPPa: PRS configuration indication


Microsoft_Visio___1.vsdx
AMF
LMF
gNBs
1. Positioning request with QoS requirement
2. NRPPa: PRS configuration indication
3. NRPPa: PRS configuration response



