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1.  

Introduction
At RAN#71 meeting, a new work item on "Further Indoor Positioning Enhancements for UTRA and LTE" was agreed [1].  The objectives of this work item include:
For OTDOA enhancements and CID/E-CID enhancements:

a) Sort out the options for OTDOA/E-CID enhancements with the progress achieved in the Release 13 indoor positioning Work Item as the starting point [RAN1]

b) Define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]
RAN1 started the corresponding work at RAN1#84bis meeting (Busan, April 2016). At this meeting, RAN1 decided to prioritize OTDOA enhancements for the shared Cell-ID scenario. In particular, it was agreed [2]:

· Support positioning related reporting by a UE corresponding to the respective PRS muting pattern per TP

· Support virtual cell ID per TP

· FFS: How to generate PRS sequence/v_shift with the virtual cell ID per TP until RAN1#85
At RAN1#85 (Nanjing, May 2016), RAN1 agreed to define a PRS-ID 
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for PRS sequence generation [3]. In particular:
· For OTDOA same PCI, RAN1 decides to:

· Define
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 for PRS sequence/vshift generation per TP

· With  
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 values ranging FFS

Although, the value range for the PRS-ID 
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still needs to be decided by RAN1, an LS was sent to RAN3 (and RAN2) in order to progress the corresponding work in RAN3 (and RAN2) [4]. 

In this contribution, we discuss the required LPPa changes to support [4]:
a) Positioning related reporting by a UE corresponding to the respective PRS muting pattern per TP;
b) Virtual cell ID per TP

· Define 
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 for PRS sequence/vshift generation per TP; 
· With 
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value range FFS.
2. 

Background
In certain het-net deployments, some non-collocated Remote Radio Heads (RRHs) may have the identical PCI as the associated macro cell [5,6]. Since the PRS is currently 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.
According to RAN1 agreement [4], two different solutions should be supported:

1. Muting-based solution.
In this solution, the transmission points (TPs) with the same PCI have a muting pattern assigned by the network in such a way, that each transmission point with the same PCI is active only during a positioning occasion when all other transmission points with the same PCI are inactive in the same occasion. For example, four transmission points with the same PCI can be distinguished using a 4-bit muting pattern: 
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When the UE measures TP#1 above, it would "see" the PRS only at the first occasion. At this occasion, no other TPs (with the same PCI) are active. Therefore, the UE measured occasion must correspond to TP#1.

The UE need to "remember" the muting pattern during RSTD measurements, and identify the particular muting pattern in the measurement report. Since only one TP with the same PCI is active at a time, the location server can then identify the UE measured TP by the respective muting pattern. 
With an up to 16-bit muting pattern, up to 16 TPs with the same PCI can be distinguished. The corresponding TP is then identified by the PCI and the muting pattern.
The PCI and the muting pattern is already supported in LPPa OTDOA Information Exchange related messages. Therefore, no LPPa changes are required to support positioning related reporting by a UE corresponding to the respective PRS muting pattern per TP (this solution affects LPP only [7]). The location server can assign an internal ID (muting pattern ID [7]) to identify the particular TP with the PCI and muting pattern. The generation of muting pattern is a network configuration problem only. 
Observation 1:
No LPPa changes are required to support positioning related reporting by a UE corresponding 

to the respective PRS muting pattern per TP.

2. Virtual-PCI based solution.
In this solution, the PRS pattern/sequence generation is decoupled from the PCI; i.e., the PCI is replaced with a PRS-ID. Therefore, a different PRS sequence can be generated for the transmission points which share the same PCI. 
 
The Virtual-PCI based solution allows various use cases, e.g.:
a. Shared Cell-ID scenario.
Heterogeneous network deployment with additional TPs (e.g., low power RRHs) within the macrocell coverage, and where these additional transmission points have the same cell ID as the macro cell.

Each TP can have a different PRS-ID assigned, independent of the PCI. Therefore, the additional TPs can be unambiguously identified for RSTD measurements.
b. PCI ambiguity in dense networks.
In dense urban networks (e.g., with many small cells) and proper muting pattern planning, a UE may potentially hear many neighbour cells, and the assistance data neighbour cell list may contain many candidate cells with the same PCI. 

Each cell can have a different PRS-ID assigned, independent of the PCI. Therefore, even if a PCI ambiguity problem would exist, a PRS-ID ambiguity problem can be avoided if a sufficient number of PRS‑IDs are available [8]. 
c. PRS-based Terrestrial Beacon System (TBS).
The PRS-based TBS TPs would be additional TPs (similar to e.g., small cells) which additionally contribute to the PCI ambiguity problem (item (b) above). 

Each PRS-TBS TP can have a different PRS-ID assigned, which is different from any "normal cell" in 
the network. 

The PRS-ID is now part of the OTDOA cell information (when PRS is configured), and need to be supported in LPPa OTDOA Information Exchange related messages.

Observation 2:
The PRS-ID needs to be added to LPPa OTDOA Information Exchange related messages for 

each cell.
3. 

Proposed LPPa Changes

The RAN1 introduced PRS-ID defines the PRS of the cell (independent of the PCI). Therefore, the PRS-ID should be added to the OTDOA Information Item:

OTDOA INFORMATION REQUEST:
	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 Information Type
	
	1 .. <maxnoOTDOAtypes>
	
	
	EACH
	reject

	>OTDOA Information Item 
	M
	
	ENUMERATED (pci, cellid, tac, earfcn, prsBandwidth, prsConfigIndex, cpLength, noDlFrames, noAntennaPorts, sFNInitTime, …, e-UTRANAccessPointPosition, prsmutingconfiguration, prs-id)
	
	-
	-


The OTDOA INFORMATION RESPONSE would then provide the OTDOA Cell Information, including the PRS-ID:
OTDOA Cell Information:

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

	OTDOA Cell Information
	
	1 .. <maxnoOTDOAtypes>
	
	

	>CHOICE OTDOA Cell Information Item
	M
	
	
	

	>>PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell ID

	>>Cell ID
	M
	
	ECGI

9.2.6
	

	>>TAC
	M
	
	OCTET STRING(2)
	Tracking Area Code

	>>EARFCN
	M
	
	INTEGER (0..65535, ..., 65536..262143)
	Corresponds to NDL for FDD and NDL/UL for TDD in ref. TS 36.104 [5]

	>>PRS Bandwidth
	M
	
	ENUMERATED (bw6, bw15, bw25, bw50, bw75, bw100, ...)
	Transmission bandwidth of PRS

	>>PRS Configuration Index
	M
	
	INTEGER (0..4095, ...)
	PRS Configuration Index, ref TS 36.211 [6]

	>>CP Length
	M
	
	ENUMERATED (Normal, Extended,...)
	Cyclic prefix length of the PRS

	>>Number of DL Frames
	M
	
	ENUMERATED (sf1, sf2, sf4, sf6,…) 
	Number of consecutive downlink subframes NPRS with PRS, ref TS 36.211 [6]

	>>Number of Antenna Ports
	M
	
	ENUMERATED(n1-or-n2, n4,…)
	Number of used antenna ports, where n1-or-n2 corresponds to 1 or 2 ports, n4 corresponds to 4 ports

	>>SFN Initialisation Time
	M
	
	BIT STRING (64)
	Time in seconds relative to 00:00:00 on 1 January 1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second.

	>>E-UTRAN Access Point Position
	M
	
	9.2.8
	The configured estimated geographical position of the antenna of the cell.

	>>PRS Muting Configuration
	M
	
	9.2.9
	The configuration of positioning reference signals muting pattern, when applicable

	>>PRS-ID
	M
	
	INTEGER

(FFS)
	PRS-ID, ref TS 36.211 [6] 


4.

Summary

In this contribution, we discussed the required LPPa changes to support [4]:

a) Positioning related reporting by a UE corresponding to the respective PRS muting pattern per TP;
b) Virtual cell ID per TP

· Define 
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 for PRS sequence/vshift generation per TP; 
· With 
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value range FFS.
The following was observed:


Observation 1:
No LPPa changes are required to support positioning related reporting by a UE corresponding 


to the respective PRS muting pattern per TP.


Observation 2:
The PRS-ID needs to be added to LPPa OTDOA Information Exchange related messages for 


each cell.
A draft CR to LPPa according to Observation 2 is provided in [9].

Proposal 1: 
Endorse the CR provided in [9] as running CR. 
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