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1 Introduction
A new WI of Indoor positioning enhancements for UTRA and LTE has been approved In RAN plenary #69 meeting. In RAN1, the options for OTDOA/E-CID enhancements will be sorted out, where the items without RAN1 impact will be prioritized. According to the WID these prioritized enhancements include at least the time domain separation method to solve same PCI problem (as classified in TR36.855), RSTD quantization error, and CRS usage together with PRS for RSTD measurements. 
As discussed in TR36.855, it is vitally important for an operator to be able to use small cells in their deployment for positioning, which requires solutions to the “same PCI” problem. In fact, small cells were clearly shown to be able to provide accurate horizontal and vertical positioning. 
In this paper, we discuss the two studied solutions for the same PCI case for OTDOA enhancements using the time-domain separation method.
2 Problem Statement

The same PCI problem has been studied both in TR36.855 and TR37.857. 

In certain het-net deployments, some non-collocated TPs may have the identical PCI as the associated macro cell (e.g., CoMP Scenario 4 [3] as shown in Figure 1 below). Similar, small cell enhancements scenarios [2] may result in a shared PCI deployment scenario. 
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 TPs).  However, this would reduce the number of possible UE measurements for positioning, since the TP transmission points would not be exploited.
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Figure 1: Network with low power TPs within the macro cell coverage deployed with same PCI.
3 Solutions and specifications impact

Several solutions are given in TR36.855 (section 7.2) and TR37.857 (section 7.1.1) for same PCI case problem as listed below with the impacted specification in parentheses:

· OTDOA enhancements for same PCI problem
· Time-domain separation of transmissions from different TPs in the same shared cell
· TP-specific muting pattern (RAN2 LPP/RAN3 LPPa)
· TP-specific set of subframes within a positioning occasion (RAN2 LPP/RAN3 LPPa)
· TP-specific signal sequences 
· Using virtual PCI  (RAN2 LPP/RAN3 LPPa)
· Using CSI-RS for RSTD  (RAN2 LPP/RAN3 LPPa/RAN4 TS36.133)
A summary and comparison of different solutions for OTDOA enhancements can be found in TR36.855 section 7.2.3.2. Solution performances are extensively studied in TR36.855 and TR37.857. 
The focus of this paper is on the two time-domain separation methods: TP-specific muting and TP-specific subframe offset.
3.1 Solution1: TP-specification muting pattern
Since several TPs share the same PCI, the PRS transmitted by these TPs are the same. As shown in TR36.855 section 7.2.3.1 and TR37.857 section 7.1.1.1.9, in order to solve same PCI problem, the TPs with same PCI can be assigned with different PRS muting patterns as shown in figure 2 in OTDOA assistance data. Each bit in muting info represents the PRS presences (0 represents the PRS is muted in the corresponding PRS positioning occasion). In this way, UE can distinguish PRS transmitted by certain TP from different muting patterns. 
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Figure2. PRS positioning occasions for Solution 1 

UE need to report prs-mutinginfo configured and used for measuring RSTD for a cell/TP together with other measurement reporting (such as PCID, RSTD, or RSTD quality), e.g., in IE OTDOA-SignalMeasurementInformation. In addition, the eNB should report the per TP PRS muting pattern to the ESMLC via LPPa. The cell portion concept defined in LPPa can be reused, while the cell portion id can be used to identify TPs. Therefore, the E-SMLC can distinguish RSTD results for different TPs with same PCI, and can utilize RSTD measurement to calculate UE location. 
This solution will not have impact on the current physical design for positioning signal but only some signalling shall be introduced as the following:

· Specifications Impact and backward compatibility
Same PCI TPs can be distinguished without consuming further resources while keeping backward compatibility.  
A maximum of 16-bit muting pattern (IE prs-MutingInfo-r9) is currently supported by LPP, therefore a maximum of 16 TPs with same PCI can be distinguished for every cell. For cell without same PCI TPs, the legacy muting pattern can be reused and no positioning occasion will be tradeoff for distinction of TPs.
Current LPP specifications do not support TP-specific configuration. It is recommended to reuse cell portion concept defined in LPPa TS36.455, and regard TP as cell portion, which is a geographical part of a cell. For any TP (cell portion), its PCI and ECGI is the same of the cell it belong to. In this way, The OTDOA Assistance Data IE can be reused to TP, enabling TP-specific OTDOA configuration. 

The Cell Portion ID may not be transferred in LPP, since the TP-specific configurations already identify a TP (cell portion). Only E-SMLC need to known cell portion ID via LPPa.

LPP modification:

Option1: Transfer Cell portion ID in the LPP to distinguish TP and Macro cell. Cell portion’s PCI and ECGI is the same of the cell it belong to. In this way, Each UE doesn’t report TP-specific configurations in OTDOA-SignalMeasurementInformation IE
Option2: Don’t transfer cell portion ID. Each UE report TP-specific configurations in OTDOA-SignalMeasurementInformation IE, enabling E-SMLC to decide whether a cell is a cell portion or not.

Explicitly transferring cell portion ID (Option1) is preferred, since anyway the UE need to distinguish TP. If cell portion ID is not used, TP-specific PRS configurations will attached to every cell’s RSTD report. The overhead of protocol exchange may be big for option2. 

LPPa modification:

Currently, the cell portion concept is not applicable for OTDOA. There is no cell portion based muting reporting in LPPa. It is needed to introduce the cell portion ID in the OTDOA information exchange for LPPa.
3.2  Solution2: TP-specific set of subframes within a positioning occasion
As shown in TR36.855 section 7.2.3.1, in order to solve same PCI problem, the TPs with same PCI can be assigned with different PRS subframe offset in OTDOA assistance data. Subframe level separating can be understood that different TPs transmit PRS in different subframe within each positioning measurement occasion period as show in figure 3. In this way, UE can distinguish PRS transmitted by certain TP from different muting patterns. 
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Figure 3. subframe level separating solution example

By using this solution, PRS are configured to transmit at different subrames within each occasion periodicity. The PRS Tx timing difference between reference TP and neighbour TP is provided to target UE by E-SMLC, using the new IE of prs-SubframeOffset-r13. 

It is obvious that current prs-SubframeOffset is only used for inter-frequency RSTD measurement, and therefore it shall be extended to intra-frequency case to support subframe level separating. If OAM configures that cells on same carrier can transmit PRS at different subframe within a PRS occasion periodicity, it might introduce extra interference to PRS since at the same time position some cells transmit PRS while other cells transmit normal data traffics. However, in the TP scenarios, the eNB will have flexibility of avoiding the data traffics on other TPs when target TP is transmitting PRS, which in some sense could control the interference to PRS receiving.
After receiving the assistance data, it is easy for UE to identify the different TP by different PRS Tx timing. UE could send the RSTD measurement results to ESMLC also by using corresponding TP index or Cell portion ID.

Similar as TP-specific muting pattern, this method will not have impact on the current physical design for positioning signal but only some signalling in LPP and LPPa.

· Specifications Impact and backward compatibility
Same PCI TPs can be distinguished without consuming further resources while keeping backward compatibility.  
Similar as TP-specific muting pattern, this method will not have impact on the current physical design for positioning signal but only some signalling shall be introduced.

· LPP Modification:

1. Add Cell Portion concept in the TS36.355 section 3.1 “Definitions”. This impact is the same as TP-specific muting pattern.
2. Add prs-SubframeOffset-r13in OTDOA-NeighbourCellInfoList IE
3.Add cell portion ID in OTDOA-ReferenceCellInfo, OTDOA-NeighbourCellInfoList, OTDOA-SignalMeasurementInformation. This impact is the same as TP-specific muting pattern.
· LPPa modification:

Current LPPa already support information exchange of PRS subframe offset via PRS Configuration Index field. It is also needed to introduce the cell portion ID in the OTDOA information exchange for LPPa. This impact is the same as TP-specific muting pattern.
It is noted that the muting pattern based solution and subframe offset based solutions can work together to further increase the system capacity in terms of handling multiple TPs with the same PCID.
4 Conclusion

In this paper, we discuss possible solutions the same PCI case for OTDOA enhancements using time-domain separation method. These solutions are already prioritized by the WID for having no RAN1 impact.
Observation1: Both TP-specific muting pattern solution and TP-specific subframes offset solution do not have RAN1 impact.

Observation2: The time domain OTDOA enhancements for same PCI are prioritized, including TP-specific muting pattern solution and TP-specific subframes offset solution.
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6 Annex

Evaluation Results

In this section, the simulation results and conclusions from interested companies are collected.

· Evaluation from TR36.855 section 7.2.2
	The RSTD estimation accuracies are compared under two scenarios: TPs have different CID from Macro and Macro only.
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Figure7.2.2-1: CDF of RSTD estimation accuracy for the strongest identified cell except the reference cell
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Figure 7.2.2-2: CDF of RSTD estimation accuracy for the second strongest identified cell except the reference cell
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Figure 7.2.2-3: CDF of RSTD estimation accuracy for the third strongest identified cell except the reference cell

As shown in Figure 7.2.2-1 ~ 7.2.2-3, it is beneficial if PRS is transmitted from all TP and the TP which share the same CID can still be distinguished by the network and UE.


· Evaluation from TR36.855 section 7.2.2

	· Scenario1: TP scenario with different PRSs transmitted from different TPs of the same macro cell (this is to identify whether using the same PRSs at different TPs contributes to the OTDOA performance degradation)

· Scenario2: Macro cell scenario without TPs (i.e., Rel-9 deployment; this is to identify the benefits of the TP scenario over the legacy macro scenario).

· Scenario3: TP scenario with different PRSs transmitted from different TPs and no macro cell coverage is assumed (this is to identify whether using the same PRSs at different TPs contributes to the OTDOA performance degradation)

· Scenario4: TP scenario with same PRSs transmitted from different TPs and no macro cell coverage is assumed

(1) Simulation for TP with macro coverage
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Figure 7.2.2-4.  Number of Detected Cells per UE
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 (a) Scenario1









(b) Scenario2

Figure 7.2.2-5.  PRS Ês/Iot of the 1st / 2nd /3rd (strongest) cell
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 (a) Scenario1









(b) Scenario2

Figure 7.2.2-6.  PRP of the 1st / 2nd /3rd (strongest) cell
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Figure 7.2.2-7.  Positioning Error CDF

The observations can be obtained from the above figures:

Observation 1: More cells can be detected by UE in scenario1, and PRS Ês/Iot and PRS received power in scenario 1 are also better than in scenario 2.

Observation 2: The OTDOA performance of scenario 1 is 10.9m @67% and 25.7m @95%.

Observation 3: The OTDOA performance of scenario 2 is 13.9m @67% and 64.3m @95%.

Observation 4: The positioning performance of scenario 1 is much better than scenario 2, with 22% gain @67% and 60% gain @ 95%.

Based on the observation 1-4, the proposal 1 is:

Proposal 1: In het-net scenarios, the TP shall be used for OTDOA to achieve higher localization accuracy than R9 and the methods to distinguish TPs shall be discussed.
(2) Simulation for TP without macro coverage
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Figure 7.2.2-8.  Number of Detected Cells per UE
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 (a) Scenario 3









(b) Scenario 4

Figure 7.2.2-9.  PRS Ês/Iot of the 1st / 2nd /3rd (strongest) cell
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(b) Scenario 4

Figure 7.2.2-10.  PRP of the 1st / 2nd /3rd (strongest) cell
[image: image18.png]CDF

CDF Curve of Pasitioning Eror

Scenario3
Scenariod

0 i i i i i i
0 20 40 60 80 00 120 140 160 180 200

ERROR (m)




Figure 7.2.2-11.  Positioning Error CDF

From figures above, the observations can be obtained,

Observation 5: The number of detected cells for scenario 4 is less than scenario 3 as TPs in scenario 4 may share the same PCI.

Observation 6: The positioning performance of scenario 3 is much better than performance of scenario 4.

Based on the observations 5-6, the proposal 2 is:

Proposal 2: In the het-net scenarios without Macro coverage, the methods to distinguish TPs shall be discussed to achieve higher localization accuracy.


· Evaluation from TR37.857 section 7.1.1.1.7.1
	For evaluation in indoor scenarios, we consider Case #1 with 4 small cells per cluster (see Table 5.1.1-1), where the small cells share the same PCI as the macro cell.  

The current solution in such deployment scenarios is to transmit PRS from the macro cell only (and not from the associated small cells).  However, this would reduce the number of possible UE measurements for positioning, since the small cell transmission points would not be exploited. Therefore, the performance is the same as for the macro only scenario, as shown in Figure 7.1.1.1.7.1-1 below.

If a different PRS sequence/pattern can be generated for the associated small cells, the small cells could be used in addition for OTDOA positioning. In that way, the macro cell could continue to transmit the legacy PRS sequence/pattern, and legacy UEs would continue to measure the macro cell PRS only. 

However, new UEs would be able to measure the small cells in addition, since they transmit a different PRS sequence with a different vshift, which results in improved performance, as shown in Figure 7.1.1.1.7.1-1 below. I.e., the performance would be the same as if separate PCIs are assigned to each small cell.
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Figure 7.1.1.1.7.1-1: Horizontal positioning error CDF for Case#1b but where the small cells share the same PCI as the macro cell. Blue curve: legacy behaviour; red curve: improvement with "virtual PCIs" for the small cells (Qualcomm).
Observations:

-
Decoupling the PRS sequence/pattern from the PCI would allow the location server/UE to distinguish PRS transmission points in het-net scenarios, where the additional transmission points (e.g., TPs, small cells) have the same PCI as the associated macro cell. 

-
Defining the "virtual PCI" as PCI + TP-ID could build on the existing concept of a "Cell Portion ID" in LPPa, and would allow a simple and backwards compatible introduction of a "virtual PCI" in LPP.  
-
In shared PCI scenarios, OTDOA performance can be improved if the transmission points sharing the same PCI can be distinguished by the location server/UE. 


· Evaluation from R4-146043
	In this contribution, we provide our simulation results and analysis to show the CSI-RS based OTDOA performance in the het-net scenario in order to evaluate the CSI-RS based OTDOA enhancement performance.
Table 1 Assumptions for system level evaluation

Parameter

Values used for evaluation

Deployment scenarios
Scenario 2a according to 36.872: Outdoor small cell deployment, with small cells deployed in the presence of an overlaid macro network. Separate frequency deployment of the macro cell and small cells. Cluster deployment model should be referred. (LPNs are randomly dropped within 50 m radius cluster)
Number of macro sites
7
Number of sectors per macro site

3

ISD

500 m
Number of LPNs per macro cell
10

Number of UEs

40
UE dropping
UEs randomly and uniformly dropped within the clusters. 20% UEs are outdoor and 80% UEs are indoor.
LPN TX power

1 w

System BW

10 MHz

Carrier frequency of small cells

f1=3.5 GHz

Carrier frequency of macro cells

f2 ≠ f1

Minimum distance UE to LPN

5 m

Minimum distance LPN to LPN

20 m

LPN antenna gain

5 dBi

UE Antenna gain

0 dBi

UE Noise Figure

9 dB

Network synchronization
Synchronized
Antenna height

10m for LPN/Hotzone Node

Pathloss model

· ITU UMi
- Carrier Frequency : 3.5GHz

- 3D distance

UMi penetration, pathloss, and shadowing generation methodology is used for LPN to UE
Load per LPN

50%

CSI-RS muting pattern

Muting within a cluster
The assumption in TR36.872 for scenario 2a has some detailed definitions on the number of clusters and the number of small cells per cluster. Here the typical configurations are considered. The deployment adopted in the SLS is selected as 1 cluster per macro cell and 10 small cells per cluster. The load per LPN is regarded as 50%. In table 1, CSI-RS muting within a cluster shall be considered. The CSI-RS configuration of each small cell in identical cluster is different, the CSI-RS configuration between different clusters have different CSI-RS configuration sets [5].

Therefore, the scenario of CSI-RS based OTDOA simulation case is described as:

· 50% load + different clusters have different CSI-RS configuration sets + muting within a cluster
1 Simulation Methodology and Procedure
The simulation methodology used for Rel-9 OTDOA studies is reused and the following performance metrics are used for the results analysis [2]:

· The number of detected cells per UE (CDF)

· PRS Ês/Iot of the 1st (the strongest) cell, 2nd cell, 3rd cell, etc. (CDFs)

· PRP of the 1st (the strongest) cell, 2nd cell, 3rd cell, etc. (CDFs),

· Location accuracy CDF.
The simulation approach is a static snapshot-based simulator with integrated link-level behavior in a multi-cell environment. The simulation comprises the following steps:

Step 1. System generation

( Generate network, drop users randomly with uniform spreading over the network,

( Assign UEs to the best cells with respect to the average power gain,

( Generate interferers, taking into account the CSI-RS pattern.

Step 2. OTDOA measurements generation at the link level, while collecting the signal quality statistics

( Generate the transmitted signal,

 ( Generate the propagation channel and model the received signal at the UE receiver, 

( Apply a UE receiver algorithm to estimate OTDOA for different neighbor cell. 

Step 3. Based on OTDOA measurements, calculation UE positions in 2D space for a given set of neighbor cells.

Step 4.  For each UE, finding positioning accuracy (position error in meters)

( Use Taylor expansion, where for each UE solve a least squares problem for the system of at least three positioning equations. 
2 Simulation Results and Analysis
Based on the assumptions in section 2 and methodology in section 3, the simulation results are shown in figure 1 – 4. CSI reference signals are transmitted on 1 antenna ports. Only 1 subframe is used for positioning. 
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Figure 1.  Number of Detected Cells per UE
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Figure 2.  CSI-RS Ês/Iot of the 1st / 2nd /3rd (strongest) cell
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Figure 3.  PRP of the 1st / 2nd /3rd (strongest) cell
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Figure 4.  Positioning Error CDF when 8 antenna ports and 6 subframes are used

The observations can be obtained from the above figures:
Observation1: The CSI-RS based OTDOA performance is 14.07m @67% and 56.07m @95% when maximum cells are calculated.
Observation2: The CSI-RS based OTDOA performance is 17.36m @67% and 186.4m @95% when 8 cells are calculated.

Observation3: The CSI-RS based OTDOA performance is 24.49m @67% and 306.5m @95% when up to 6 cells are calculated 

Observation4: The CSI-RS based OTDOA performance is 217.8m @67% and 349m @95% when up to 4 cells are calculated 
Proposal 1: In the het-net scenario, CSI-RS based OTDOA enhancement is a promising solution for the further WI discussion.
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Figure 5.  Positioning Error CDF when 8 antenna ports and 6 subframes are used

In order to achieve better performances, CSI reference signals are transmitted on 8 antenna ports and 6 subframes are used for positioning.. The observations can be obtained from the above figures:
Observation5: The CSI-RS based OTDOA performance is 13.50m @67% and 44.08m @95% when maximum cells are calculated, 6 subframes and 8 antenna ports are used.
Observation6: The CSI-RS based OTDOA performance is 28.15m @67% and 72.15m @95% when 8 cells are calculated, 6 subframes and 8 antenna ports are used..

Observation7: The CSI-RS based OTDOA performance is 44.35m @67% and 136.3m @95% when up to 5 cells are calculated, 6 subframes and 8 antenna ports are used. 

Proposal 2: In the het-net scenario, CSI-RS based OTDOA enhancement could achieve better performances, 6 subframes and 8 antenna ports are used.
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