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1. Introduction
There are some agreements about the NR RAT-Dependent positioning methods in RAN2 #108 meeting [1], and there is an email discussion capturing RAN1 parameters part in [108#85][NR/Pos] Running CR to 36.355 (Intel).

· [108#85][NR/Pos] Running CR to 36.355 (Intel)

RAN1 parameters part to be complete by 2020-01-23.  Further aspects can be developed until the next meeting deadline.

Intended outcome: Agreeable CR to next meeting.


Deadline:  Thursday 2020-02-13 
Also there should be another email discussion [108#86][NR/Pos] Single positioning method approach in LPP (Ericsson) to enhance the LPP for RAT-Dependent.
· [108#86][NR/Pos] Single positioning method approach in LPP (Ericsson)

Develop a detailed proposal for a single positioning method to compare with the multiple methods in the running CR.

Intended outcome: 


Deadline:  Thursday 2020-02-13
RAN1 parameters are captured in the draft CR of 37.355[2]. Most of these parameters of RAN1 are agreed. However the 108#86 email discussion doesn’t kick off yet. 
This document is about the detailed proposal for enhancement design in LPP protocol, in order to save the on air resources when providing assistant data for NR RAT-Dependent methods.
2. Discussion
The LPP data structure of NR RAT-dependent are multiple methods in the running CR to 36.355[2]. The DL PRS info together with SSB is all designed in Multi-RTT, DL-TDOA, and DL-AoD positioning methods.
But this providing assistant data structure in the running CR will waste the on air resources too much in such conditions:

Condition A: 

When Multi-RTT, DL-TDOA, and DL-AoD are required by the LMF for one device, assuming the same TRPs to these methods selected by LMF, then the TRPs of DL PRS and SSB info (the common parts) will be sent three times on air. The first one is carried in multi-RTT method, the second one is in DL-TDOA method and the third one is in DL-AoD, according to the running CR [2].

	Methods of the Device
	Assigned DL PRS Resources
	On Air Assistant Data in draft CR[2]

	Multi-RTT
	TRP No. 1,2,3,4,5
	nr-DL-PRS-AssistanceDataList-r16 of No. 1,2,3,4,5
nr-SSB-Config-r16

	DL-TDOA
	TRP No. 1,2,3,4,5
	nr-DL-PRS-AssistanceDataList-r16 of No. 1,2,3,4,5
nr-SSB-Config-r16

	DL-AoD
	TRP No. 1,2,3,4,5
	nr-DL-PRS-AssistanceDataList-r16 of No. 1,2,3,4,5
nr-SSB-Config-r16


Condition B:

When both Multi-RTT and DL-AoD positioning methods are selected by the LMF for one device, assuming the No.1, 2, 3, 4 TRP assigned to Multi-RTT and No1,2,4 assigned to DL-AoD by LMF, then the No. 1, 2, 4 TRP of DL PRS config and SSB are sent twice according to the running CR [2].
	Methods of the Device
	Assigned DL PRS Resources
	On Air Assistant Data in draft CR[2]

	Multi-RTT
	TRP No. 1,2,3,4
	nr-DL-PRS-AssistanceDataList-r16 of No. 1,2,3,4
nr-SSB-Config-r16

	DL-AoD
	TRP No. 1,2, 4
	nr-DL-PRS-AssistanceDataList-r16 No. 1,2, 4
nr-SSB-Config-r16


Observation 1: Providing assistant data design in running CR[2] will waste the on air resources when multi positioning methods.
2.1. Enhancement of design for providing assistant data
An enhancement of design for providing assistant data should meet kinds of situations and try to save the on air resources and make it understood easily.

There are two parts of the on air DL PRS Info to one device:

a. The selected No. TRPs for the positioning methods by LMF according to the QoS.

b. The DL PRS config(including SSB) info reported by gNB of the selected TRPs.
Item a is based on the positioning methods selected by LMF. But item b is not based on the positioning methods, instead, this info is sent from gNB to LMF as the physical resources configured by gNB.

So the on air data (LPP) can be divided into two parts according to the analysis above,

a. What are the selected resources No. for some positioning method/ methods
b. What’s the physical resources required for this positioning service

Proposal 1:
The ProvideAssistanceData in running CR[2] can be upgraded as below.
· The required physical resources are put in: 
· nr-DL-PRS-ProvideAssistanceData-r16
· The selected physical resources index for some positioning method are put in:

· nr-Multi-RTT-ProvideAssistanceData-r16
· nr-DL-AoD-ProvideAssistanceData-r16
· nr-DL-TDOA-ProvideAssistanceData-r16
------------------Text proposal 1------------------------------
-- ASN1START

ProvideAssistanceData ::= SEQUENCE {


criticalExtensions

CHOICE {



c1





CHOICE {




provideAssistanceData-r9
ProvideAssistanceData-r9-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture
SEQUENCE {}


}

}

ProvideAssistanceData-r9-IEs ::= SEQUENCE {


commonIEsProvideAssistanceData

CommonIEsProvideAssistanceData

OPTIONAL,
-- Need ON


a-gnss-ProvideAssistanceData

A-GNSS-ProvideAssistanceData

OPTIONAL,
-- Need ON


otdoa-ProvideAssistanceData


OTDOA-ProvideAssistanceData


OPTIONAL,
-- Need ON


epdu-Provide-Assistance-Data

EPDU-Sequence





OPTIONAL,
-- Need ON


...,


[[


sensor-ProvideAssistanceData-r14
Sensor-ProvideAssistanceData-r14
OPTIONAL,
-- Need ON


tbs-ProvideAssistanceData-r14

TBS-ProvideAssistanceData-r14

OPTIONAL,
-- Need ON


wlan-ProvideAssistanceData-r14

WLAN-ProvideAssistanceData-r14

OPTIONAL
-- Need ON


]],

[[



nr-DL-PRS-ProvideAssistanceData-r16
NR-DL-PRS-ProvideAssistanceData-r16
OPTIONAL,
-- Need ON


nr-Multi-RTT-ProvideAssistanceData-r16
NR-Multi-RTT-ProvideAssistanceData-r16
OPTIONAL,
-- Need ON



nr-DL-AoD-ProvideAssistanceData-r16
NR-DL-AoD-ProvideAssistanceData-r16
OPTIONAL,
-- Need ON



nr-DL-TDOA-ProvideAssistanceData-r16
NR-DL-TDOA-ProvideAssistanceData-r16
OPTIONAL
-- Need ON


]]
}

-- ASN1STOP
------------------End of Text proposal 1------------------------------
2.2. Comparison with the method in running CR for providing assistant data
Of course, if only one positioning method is selected to this device, the on air resource in draft CR[2] and this enhancement structure is the same.

This enhanced structure can save the on air resources and send these DL PRS info to the device only once when multi positioning methods required to this device.
Below please find the compared table in condition A and B.

Condition A:

	Methods of the Device
	Assigned DL PRS Resources
	On Air Assistant Data in draft CR[2]
	On Air Assistant Data in this proposal

	Multi-RTT
	TRP No. 1,2,3,4,5
	nr-DL-PRS-AssistanceDataList-r16 of No. 1,2,3,4,5
nr-SSB-Config-r16
	nr-DL-PRS-AssistanceDataList-r16 of No. 1,2,3,4,5
nr-SSB-Config-r16

	DL-TDOA
	TRP No. 1,2,3,4,5
	nr-DL-PRS-AssistanceDataList-r16 of No. 1,2,3,4,5
nr-SSB-Config-r16
	

	DL-AoD
	TRP No. 1,2,3,4,5
	nr-DL-PRS-AssistanceDataList-r16 of No. 1,2,3,4,5
nr-SSB-Config-r16
	


Assuming: The typical on air resources config in table A as below:

	Num of layer
	Total TRPs
	Full load per TRP(MByte)
	SSB

	2
	20
	0.86
	64


The on air resources (MB) required in draft CR and enhanced design as below table: 

	
	10% load per TRP(MB)
	50%load per TRP(MB)
	100%load per TRP(MB)

	Draft CR
	3.9
	19.5
	39

	Enhanced
	1.94
	9.16
	18.19
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FigureA On air Bytes Transfering the LPP
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Condition B

	Methods of the Device
	Assigned DL PRS Resources
	On Air Assistant Data in draft CR[2]
	On Air Assistant Data in this proposal

	Multi-RTT
	TRP No. 1,2,3,4
	nr-DL-PRS-AssistanceDataList-r16 of No. 1,2,3,4
nr-SSB-Config-r16
	nr-DL-PRS-AssistanceDataList-r16 of No. 1,2,3,4
nr-SSB-Config-r16

	DL-AoD
	TRP No. 1,2, 4
	nr-DL-PRS-AssistanceDataList-r16 No. 1,2, 4
nr-SSB-Config-r16
	


Observation 2:

The on air resources can be saved about 50% of draft CR in condition A. The size of on air data will change from 3.9MB to 1.94MB when the enhanced design introduced. With more resourceSet and resource assigned, the saved on air resources increase as shown in figure A.
Proposal 2:
This enhanced structure can save the on air resources and send these DL PRS info to the device only once when multi positioning methods selected for this device.
2.3. Detail proposal on ProvideAssistanceData
2.3.1 NR-DL-PRS-ProvideAssistanceData
The NR-DL-PRS-ProvideAssistanceDatadetail data can use the two IEs in running CR[2] directly:

· nr-DL-PRS-AssistanceDataList-r16
· nr-SSB-Config-r16
These data are configured by gNB and selected by LMF for this positioning service.
Proposal 3: The NR-DL-PRS-ProvideAssistanceData for all positioning methods includes 

· nr-DL-PRS-AssistanceDataList-r16[2]

· nr-SSB-Config-r16[2]

------------------Text proposal 2------------------------------

6.4.3
Common NR Positioning Information Elements
–
NR-DL-PRS-ProvideAssistanceData
The IE NR-DL-PRS-ProvideAssistanceData is used by the location server to provide DL PRS data to device. Any positioning methods should use this IE to get the DL PRS info.
-- ASN1START

NR-DL-PRS-ProvideAssistanceData-r16 ::= SEQUENCE {


nr-DL-PRS-AssistanceData-r16


NR-DL-PRS-AssistanceData-r16,

...

}
–
NR-DL-PRS-AssistanceData[2]
The IE NR-DL-PRS-AssistanceData is used by the location server to provide DL-PRS assistance data. 
-- ASN1START

NR-DL-PRS-AssistanceData-r16 ::= SEQUENCE {



nr-DL-PRS-AssistanceDataList-r16
SEQUENCE (SIZE (1..nrMaxFreqLayers)) OF NR-DL-PRS-AssistanceDataPerFreq-r16,


nr-SSB-Config-r16


SEQUENCE (SIZE (0..255)) OF NR-SSB-Config-r16,


...

}

------------------End of Text proposal 2------------------------------

2.3.2 NR-Multi-RTT-ProvideAssistanceData
The sequence of selected DL PRS info Index shows which DL PRS data is assigned to this positioning method by LMF can be sent in NR-Multi-RTT-ProvideAssistanceData.
nr-Selected-DL-PRS-IndexList-r16

nr-Selected-DL-PRS-FrequencyLayerIndex-r16

nr-Selected-DL-PRS-IndexListPerFreq


nr-Selected-trp-Index-r16
 


dl-Selected-PRS-ResourceSetIndexList-r16



nr-DL-Selected-PRS-ResourceSetIndex-r16




dl-Selected-PRS-ResourceIndexList-r16




nr-dl-Selected-PRS-ResourceIdIndex-r16

Proposal 4: The selected physical resources (in NR-DL-PRS-ProvideAssistanceData) index is for multi-RTT positioning method is put in NR-Multi-RTT-ProvideAssistanceData. 
-------------------------------Text proposal 4-------------------------------------------------------------

6.z.1.1
NR-Multi-RTT Assistance Data

–
NR-Multi-RTT-ProvideAssistanceData
The IE NR-Multi-RTT-ProvideAssistanceData is used by the location server to provide assistance data to enable UE‑assisted NR Multi-RTT. It may also be used to provide NR Multi-RTT positioning specific error reason.

-- ASN1START

NR-Multi-RTT-ProvideAssistanceData-r16 ::= SEQUENCE {


nr-Multi-RTT-AssistanceData-r16



NR-Multi-RTT-AssistanceData-r16,


nr-Multi-RTT-Error-r16





NR-Multi-RTT-Error-r16


OPTIONAL,
-- Need ON


...

}

NR-Multi-RTT-AssistanceData-r16 ::= SEQUENCE {

nr-Selected-DL-PRS-IndexList-r16
SEQUENCE (SIZE (1..nrMaxFreqLayers)) OF NR-Selected-DL-PRS-PerFreq-r16,
...

}
-- ASN1STOP

-------------------------------End of Text proposal 4-------------------------------------------------------------

The common IE NR-Selected-DL-PRS-PerFreq-r16, is the sequence of selected DL PRS info Index by LMF. It can be reused in all positioning Provide Assistance Data.
-------------------------------------Text proposal 5------------------------------------------------------------

6.4.3
Common NR Positioning Information Elements
–
NR-Selected-DL-PRS-PerFreq-r16
The IE NR-Selected-DL-PRS-PerFreq-r16 is used by the location server to provide the selected FrequencyLayer index of nr-DL-PRS-AssistanceDataList-r16 to device. Any positioning methods should use this IE to provide the selected DL PRS info index.
-- ASN1START

NR-Selected-DL-PRS-PerFreq-r16 ::= SEQUENCE {


nr-Selected-DL–PRS-FrequencyLayerIndex-r16
INTEGER (0.. nrMaxFreqLayers-1)
,

nr-Selected-DL-PRS-IndexListPerFreq (SIZE (1..nrMaxTRPsPerFreq)) OF NR-Selected-DL-PRS-IndexPerTRP-r16
OPTIONAL,
--Need ON

...
}

NR-Selected-DL-PRS-IndexPerTRP-r16 ::= SEQUENCE {

nr-Selected-trp-Index-r16

INTEGER (0..nrMaxTRPsPerFreq-1)
,

dl-Selected-PRS-ResourceSetIndexList-r16

SEQUENCE (SIZE (1..nrMaxSetsPerTrp)) DL-Selected-PRS-ResourceSetIndex-r16 OPTIONAL,
--Need ON

nr-DL-PRS-expectedRSTD-r16

INTEGER (-3841..3841)
OPTIONAL,


nr-DL-PRS-expectedRSTD-uncerainty-r16
INTEGER (-246..246)    OPTIONAL,



...

}

DL-Selected-PRS-ResourceSetIndex-r16 ::= SEQUENCE {

nr-DL-Selected-PRS-ResourceSetIndex-r16


INTEGER (0..nrMaxSetsPerTrp-1)
,


dl-Selected-PRS-ResourceIndexList-r16



SEQUENCE (SIZE (1..nrMaxResourcesPerSet)) dl-Selected-PRS-ResourceIndex-r16 OPTIONAL,
--Need ON
}
dl-Selected-PRS-ResourceIndex-r16 ::= SEQUENCE {

nr-dl-Selected-PRS-ResourceIdIndex-r16

INTEGER (0.. maxNumDL-PRS-ResourcesPerSet-1),



...

}

nrMaxFreqLayers
INTEGER ::= 4
-- Max freq layers
nrMaxFreqLayers-1
INTEGER ::= 3
nrMaxTRPsPerFreq
INTEGER ::= 64

-- Max TRPs per freq layers
nrMaxTRPsPerFreq-1
INTEGER ::= 63

nrMaxSetsPerTrp
INTEGER ::= 2
-- Maximum resources set can be configured for one TRP

nrMaxSetsPerTrp-1
INTEGER ::= 1

nrMaxResourcesPerSet
INTEGER ::= 64
-- Maximum resources can be configured for one set

nrMaxResourcesPerSet-1
INTEGER ::= 63

-------------------------------------End of Text proposal 5------------------------------------------------------------

2.3.3 NR-DL-AoD-ProvideAssistanceData
The common IE nr-Selected-DL-PRS-IndexList-r16, the sequence of selected DL PRS info Index by LMF can be reused in DL-AoD-ProvideAssistanceData.
Proposal 5: The selected physical resources index in NR-DL-PRS-ProvideAssistanceData for DL-AoD positioning method is put in NR-DL-AoD-AssistanceData-r16. 
---------------------------------Text proposal 6-------------------------------------------------------------

6.y.1.1
NR-DL-AoD Assistance Data

–
NR-DL-AoD-ProvideAssistanceData
The IE NR-DL-AoD-ProvideAssistanceData is used by the location server to provide assistance data to enable UE-assisted Aod. It may also be used to provide NR DL AoD positioning specific error reason.

-- ASN1START

NR-DL-AoD-ProvideAssistanceData-r16 ::= SEQUENCE {


nr-DL-AoD-AssistanceData-r16


NR-DL-AoD-AssistanceData-r16
OPTIONAL,
-- Need ON



nr-PositionCalculationAssistanceData-r16












NR-PositionCalculationAssistanceData-r16




















OPTIONAL, 
-- Cond UEB


nr-DL-AoD-Error-r16





NR-DL-AoD-Error-r16



OPTIONAL,
-- Need ON


...

}
NR-DL-AoD-AssistanceData-r16 ::= SEQUENCE {

nr-Selected-DL-PRS-IndexList-r16
SEQUENCE (SIZE (1..nrMaxFreqLayers)) OF NR-Selected-DL-PRS-PerFreq-r16,
...

}
-- ASN1STOP

---------------------------------End of Text proposal 6-------------------------------------------------------------

2.3.4 NR-DL-TDOA-ProvideAssistanceData
The common IE nr-Selected-DL-PRS-IndexList-r16, the sequence of selected DL PRS info Index by LMF can be reused in NR-DL-TDOA-AssistanceData-r16.
Proposal 6: The selected physical resources index in NR-DL-PRS-ProvideAssistanceData for DL-TDOA positioning method is put in NR-DL-TDOA-AssistanceData-r16. 
------------------Text proposal 7------------------------------

6.x.1.1
NR-DL-TDOA Assistance Data

–
NR-DL-TDOA-ProvideAssistanceData
The IE NR-DL-TDOA-ProvideAssistanceData is used by the location server to provide assistance data to enable UE‑assisted and UE-based NR downlink TDOA. It may also be used to provide NR DL TDOA positioning specific error reason.

-- ASN1START

NR-DL-TDOA-ProvideAssistanceData-r16 ::= SEQUENCE {


nr-DL-TDOA-AssistanceData-r16


NR-DL-TDOA-AssistanceData-r16

OPTIONAL,
-- Need ON



nr-PositionCalculationAssistanceData-r16











NR-PositionCalculationAssistanceData-r16




















OPTIONAL, 
-- Cond UEB

nr-DL-TDOA-Error-r16



NR-DL-TDOA-Error-r16



OPTIONAL,
-- Need ON


...

}

NR-DL-TDOA-AssistanceData-r16 ::= SEQUENCE {

nr-Selected-DL-PRS-IndexList-r16
SEQUENCE (SIZE (1..nrMaxFreqLayers)) OF NR-Selected-DL-PRS-PerFreq-r16,
...

}
-- ASN1STOP

------------------End of Text proposal 7------------------------------

3. Conclusion
In this contribution, the enhancement of providing assistance data is designed. The proposals for LPP protocol are list as below:
Observation 1: Providing assistant data design in running CR[2] will waste the on air resources when multi positioning methods.
Proposal 1:
The ProvideAssistanceData in running CR[2] can be upgraded as below.
· The required physical resources are put in: 
· nr-DL-PRS-ProvideAssistanceData-r16
· The selected physical resources index for some positioning method are put in:

· nr-Multi-RTT-ProvideAssistanceData-r16
· nr-DL-AoD-ProvideAssistanceData-r16
· nr-DL-TDOA-ProvideAssistanceData-r16
Observation 2:

The on air resources can be saved about 66% of resources of draft CR in condition A. The size of on air data will change from 3.9MB to 1.3MB when the enhanced design introduced.

Proposal 2:
This enhanced structure can save the on air resources and send these DL PRS info to the device only once when multi positioning methods selected for this device.
Proposal 3: The NR-DL-PRS-ProvideAssistanceData for all positioning methods includes 

· nr-DL-PRS-AssistanceDataList-r16[2]

· nr-SSB-Config-r16[2]

Proposal 4: The selected physical resources (in NR-DL-PRS-ProvideAssistanceData) index is for multi-RTT positioning method is put in NR-Multi-RTT-ProvideAssistanceData. 

Proposal 5: The selected physical resources index in NR-DL-PRS-ProvideAssistanceData for DL-AoD positioning method is put in NR-DL-AoD-AssistanceData-r16. 

Proposal 6: The selected physical resources index in NR-DL-PRS-ProvideAssistanceData for DL-TDOA positioning method is put in NR-DL-TDOA-AssistanceData-r16. 
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