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1.  

Introduction
At RAN#69 meeting, a new work item on "Indoor Positioning Enhancements for UTRA and LTE" was agreed [1]. The objectives of this work item include 
"For RAT-dependent positioning enhancements, namely OTDOA enhancements and E-CID enhancements, define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]."
This contribution discusses the OTDOA enhancements for the shared Cell-ID scenario (enhancements for the same PCI case [2]). 

This contribution is related to a RAN1 contribution [9], where it is proposed to introduce a "Virtual PCI" for PRS generation. The "Virtual PCI" consists of the PCI plus an identity for any associated RRH (e.g., cell portion ID [5]). 
2.  

Background
In certain het-net deployments, some non-collocated RRHs may have the identical PCI as the associated macro cell [2,3]. Since the PRS is associated with the PCI of the cell, identical PRS sequences would be transmitted by multiple transmission points. Therefore, the UE reported RSTD measurements cannot be uniquely associated with a particular transmission point and the location server does not know the actual transmission point coordinates of the signal measured by the UE.   

The current solution in such deployment scenarios is to transmit PRS from the macro cell only (and not from the e.g., associated RRHs).  However, this would reduce the number of possible UE measurements for positioning, since the RRH transmission points would not be exploited. 

Two general solutions to this problem are described in [2,3]:

1) "Virtual PCI" solution:
The PRS pattern/sequence generation is essentially decoupled from the PCI. Therefore, a different PRS sequence can be generated for the associated RRHs. In that way, the macro cell could continue to transmit the legacy PRS sequence, and legacy UEs would continue to measure the macro cell PRS only. However, new UEs may in addition measure the RRH signals, for which additional OTDOA assistance data can be provided.
2) Muting based solution:
In this solution, the transmission points are distinguished via orthogonal muting pattern. In order to enable the location server to determine the TX point antenna coordinates, the UE must report the muting pattern together with the RSTD measurement back to the location server. Therefore, compared to solution (1), where the TX points are separated in code- and frequency domain, the TX points are separated in time domain. 
This contribution proposes to adopt solution (1) ("Virtual PCI"), since the muting based solution has several disadvantages:

1. Backwards compatibility/compatibility with existing deployments: The UE need to report the muting pattern for each cell measured back to the location server. Therefore, only new UEs would be able to measure the macro cell and the RRHs. Legacy UEs would measure a "composite signal" and the location server would not be able to identify the transmission point the UE measured. As a consequence, even the macro cell cannot be used for OTDOA positioning by legacy UEs anymore when the muting based solution would be introduced in the network. With the solution (1) above ("Virtual PCI"), legacy UEs would still be able to measure the macro cell. 

2. With a 16-bit muting pattern, at most 16 transmission points/cells could be separated. However, LPP supports assistance data and measurements for up to 72 cells [4]. 

3. Muting pattern are designed to reduce interference, and not to distinguish transmission points. Therefore, the muting pattern network planning would have to change, and may get more complicated in case of RRH separation must be considered in addition.

4. Reporting the muting pattern back to the location server would be additional overhead. 
5. With the solution (1) ("Virtual PCI"), the performance would be the same as if a dedicated PCI would be assigned to each RRH. E.g., muting pattern assignment strategy etc. would not have to change in the network, and legacy UEs/servers would not be impacted. 
As also described in [2], the "Virtual PCI" solution can be designed to fit into the already established concept of "Cell Portion ID" defined in LPPa [5]. A Cell Portion is a geographical part of a cell and uniquely identified by its "Cell Portion ID". The "Cell Portion ID" has been introduced in Rel-12 in order to obtain Cell-ID location to a finer granularity in case of RRHs are deployed (see 3GPP TS TS 29.171, TS 29.172, and TS 36.455) i.e., the same problem discussed here.  

Therefore, an unambiguous identifier for the transmission points may already exist in the network which can be reused for OTDOA-PRS. This would also have the advantage of minimal LPP changes required. I.e., whenever a cell is identified by its PCI, an additional ID may be present in the ASN.1 extensions for the identification of the actual transmission point (see section 3 below). The PCI would still be the "true PCI" of the cell. Legacy UEs would simply ignore this extension and would be able to measure the macro cell as usual. New UEs would be able to measure the other transmission points (e.g., RRHs) in addition, which would result in improved performance [2,3]. The information of the "true PCI" would not be lost at the UE.
3. 

Specification Impacts
3.1

TS 36.211

The PRS sequence and frequency shift generation should be based on the PCI plus an identity for the associated e.g., RRH 
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 would be configured by higher layers, e.g., could be identical to the cell portion ID [5]:
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 would be zero for the macro cell. The "Virtual PCI" is the sum of the PCI and the RRH-ID. This allows an unambiguous identification of the macro cell and the associated RRHs (see also section 3.2). 

A corresponding CR is provided in [6].
3.2
 
TS 36.355
The PCI is mandatory present in the OTDOA assistance data and measurement report. With the definition of the "Virtual PCI" as the sum of PCI and RRH-ID, the macro cell and any associated RRH can be unambiguously identified. Whenever the PCI is present in any of OTDOA related information elements, the RRH-ID may be present in addition. For example:
-- ASN1START

OTDOA-ReferenceCellInfo ::= SEQUENCE {


physCellId




INTEGER (0..503),


cellGlobalId



ECGI





OPTIONAL,

-- Need ON


earfcnRef




ARFCN-ValueEUTRA


OPTIONAL,

-- Cond NotSameAsServ0


antennaPortConfig


ENUMERATED {ports1-or-2, ports4, ... }
















OPTIONAL,

-- Cond NotSameAsServ1


cpLength




ENUMERATED { normal, extended, ... },


prsInfo





PRS-Info




OPTIONAL,

-- Cond PRS


...,


[[ earfcnRef-v9a0


ARFCN-ValueEUTRA-v9a0

OPTIONAL

-- Cond NotSameAsServ2


]],


[[ rrhID-r13



INTEGER (504..759)


OPTIONAL

-- Need ON


]]
}

-- ASN1STOP

When the RRH ID is present, the UE would know that the assistance data are provided for an RRH and would generate the PRS sequence as shown in section 3.1 above. The UE would know for example, not to use CRS signals in addition to PRS for RSTD measurements for this RRH (but also not for the macro cell). 
Note:
The UE OTDOA capabilities would indicate whether the UE supports RRH specific PRS generation or not (i.e., 
whether the UE supports
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, and the server would provide assistance data for the RRHs only if 
supported by the UE (and server). 
The number of possible RRH IDs is proposed to be 255, which is the same as for the cell portion ID [5]. In order not to impact legacy network planning and OTDOA neighbour cell list selection, it is proposed that the RRH ID has an offset of 503. With this, the total "Virtual PCI" value would always be > 503, and therefore, would never be the same as a PCI of the macro cell in the OTDOA neighbor cell list (the RRHs are essentially new "cells" for OTDOA measurements with a new "Virtual PCI" value range).  
A corresponding CR is provided on [7].

3.3

TS 36.455
The cell portion ID is already present in ECID information elements, and should be added to the OTDOA information elements as well. For example:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	
	
	
	
	
	
	

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	LPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	OTDOA Cells
	
	1 .. <maxCellineNB>
	
	Served cells that broadcast PRS
	GLOBAL
	ignore

	>OTDOA Cell Information
	M
	
	9.2.7
	
	-
	-

	>Cell Portion ID
	O
	
	9.2.12
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.2
	
	YES
	ignore


A corresponding CR is provided in [8].
4.

Summary

In this contribution, we proposed to use a "Virtual PCI" for PRS generation, where the "Virtual PCI" consists of the PCI plus an identity for any associated RRH (e.g., cell portion ID). 
The RAN1, RAN2, and RAN3 specification impacts were discussed. Corresponding CRs are provided in [6], [7], and [8].
Proposal 1:
Assuming RAN1 agreed on the CR to 36.211 proposed in [6], agree on the CR to 36.455 provided in [8]. 
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