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Introduction
In RAN#83, NR positioning WID was approved [1] to specify solutions to enable RAT dependent(for both FR1 and FR2) and RAT independent NR positioning techniques, including the following objectives.
“Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15[RAN2]
[bookmark: OLE_LINK1]Define functional interfaces, signaling and procedures including UE reporting, to support NR RAT-dependent positioning for the NR positioning techniques listed in RAN1 objectives [RAN2]
Define extensions of LPP protocol for NR RAT-dependent positioning [RAN2]”
RAN1 has sent a LS [2] to inform RAN2 the already agreed measurements based on which RAN2 can study the corresponding signals and procedures design.
Discussion 
Multi-cell E-CID positioning
The LS from RAN1 listed the following table with defined measurements:
	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID



	DL/UL Reference Signals
	gNB Measurements
	To facilitate support of the following positioning techniques

	Rel.16 SRS for positioning
	UL RTOA
	UL-TDOA

	Rel.16 SRS for positioning
	UL SRS-RSRP
	UL-TDOA, UL-AoA, Multi-RTT

	Rel.16 SRS for positioning, Rel.16 DL PRS
	gNB Rx-Tx time difference
	Multi-RTT

	Rel.16 SRS for positioning,
	AoA and ZoA
	UL-AoA, Multi-RTT


Also there is a clear clarification saying that ”It is RAN1 understanding that discussion on mapping of positioning techniques to reference signals and measurements is out of RAN1 scope and therefore RAN1 does not intend to define such mapping.” 
As we all know, OTDOA or UTDOA can also make use of angle information, the key feature of E-CID is whether the measurements is based on positioning RS and only used for positioning, according to the description in 36.305, “although E-CID positioning may utilise some of the same measurements as the measurement control system in the RRC protocol, the UE generally is not expected to make additional measurements for the sole purpose of positioning.” [3] In our companion paper [4] we explains that AOD measurements based on PRS should still be within the scope of OTDOA positioning, similarly measurements based on UL SRS for positioning should be part of UTDOA, and the measurements based on Rel-15 should be used for E-CID. What’s new here is that UE may measure CSI-RS and SSB from both serving cell and neighbour cells, we think under the principle of E-CID definition, since these measurements from neighbouring cell are not for positioning purpose initially, they should still be defined as E-CID positioning method.
Proposal 1: NR should support multi-cell E-CID.  
 Beam sweeping in NR
The most simplest way to use these measurements is to just measure the RSRP and get a area around each cell, the intersection would be a position estimation. Obviously it could very coarse since the RSRP would be affected by many factors, one way to enhance it is making use of the beam information.
Many signals could be transmitted in beam forming pattern, not every one of them is suitable for enhancing E-CID, actually some beams contains UE-specific RS have conspicuous drawback. The mapping between a certain beam and geographic should be know to make the beam information useful. UE-specific signals are very flexible and may not always exist, the gNB needs to report its index and direction mapping to the LMF all the time. And it will be even worse if a UE suddenly has no more need to the RS in such beams, the gNB need to choose another beam with other signals and repeat the whole procedure. In addition, to make use of the beam information of multiple cells, the selected beam had better to be transmitted in a fixed sweeping pattern with a kind of index that can indicate it’s direction directly or indirectly. SSB happen to have all the characteristic above.
Proposal 2:Use SSB beam sweeping configuration to enhance multi-cell E-CID positioning method.   
SS/PBCH block
SSB refers to Synchronization/PBCH block because synchnronization signal and PBCH channel are packed as a single block that always moves together. The components of this block are PSS (Primary Synchronization Signal), SSS (Secondary Synchronization Signal) ,PBCH DMRS and PBCH (Data).
Each SSB within a SSB set (all the SSB within 5 ms period of the SSB transmission) is assigned with a unique numbers starting from 0 and increasing by 1[5].This number reset to 0 in the next SSB set. This number is called SSB index in this paper.
The SSB are transmitted in the form of beam sweeping pattern at least in FR2, which can be illustrated in Figure 1.
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Figure 1 SSB beam sweeping
However the UE can receive several SSB beams from a same cell, the one with best signal strength would be what we want, in this paper, we just name it the “received SSB”. To achieve this function, both RAN2(LPP) and RAN3 (NRPPa) would be affected.
First we need to add the SSB beam sweeping information to the NRPPa message. The beam sweeping information includes numerology(CP length and sub-carrier spacing), SSB periodicity, SSB frequency information to indicate the position in frequency domain, the number of SSB beams and corresponding SSB index and its direction. This is for the purpose that the location server can link the UE SSB measurement to geographic position, just like OTDOA.
Different with single-cell positioning, the UE need to know the SSB beam sweeping information of the neighbour cell for multi-cell E-CID, for both UE-based and UE-assisted mode. So the SSB beam sweeping information should apply to both serving and neighbouring cell.
Proposal 3:Add the SSB beam sweeping information to the NRPPa message as E-CID measurement report.
NG-RAN node
Location Server


   NRPPa message:E-CID MEASUREMENT REPORT




Figure 2 Add SSB beam sweeping information to NRPPa
For UE-assisted mode, the UE needs to send measurement information to the LMF through LPP/NPP message.The measurement information should include the SSB index, corresponding RSRP and RSRQ of PSS,SSS，PBCH and its DMRS.
Proposal 4:Add the SSB beam sweeping information measurement to the LPP/NPP as E-CID signal measurement information.
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NPP message:E-CID MEASUREMENT DATA




Figure 3 Add SSB information to E-CID measurement data

Conclusion
Based on the analysis above, we had the following observations:
Proposal 1:NR should support multi-cell E-CID.    .
Proposal 2:Use SSB beam sweeping configuration to enhance multi-cell E-CID positioning method. 
Proposal 3:Add the SSB beam sweeping information to the NRPPa message as E-CID measurement report.
Proposal 4:Add the SSB beam sweeping information measurement to the LPP/NPP as E-CID signal measurement information.
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