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1 Introduction
In previous RAN4 meetings, the OTDOA enhancements in het-net scenarios were discussed [1][2][3][4]. The methodology was approved in [1], and interested companies provided evaluation and analysis in [2][3][4]. Some tentative options of enhancement were approved in [5].
In this contribution we intend to capture the analysis and conclusions into the TR36.855 by approved following attached TP.
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Text Proposal
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7
Feasibility on enhancement for OTDOA and E-CID with identical cell ID RRHs

7.1
General
<Text will be added.>
7.2
Network Scenarios

In certain het-net deployments, some non-collocated RRHs have the identical PCI with the associated Macro cell so that these RRHs transmit the identical reference signals, and therefore it may cause ambiguousness on reference signal ToA detection.  Scenarios to be studied:

· OTDOA scenario: RRH with PCI identical to the associated Macro cell  
· E-CID scenario: RRH with PCI identical to the associated Macro cell 
7.3
Possible enhancements on OTDOA

OTDOA is based on RSTD measurements which in turn are based on PRS signals transmitted in low-interference positioning subframes. An advantage that the RRH scenario brings is the possibility to receive signals from more locations within the same cell and thereby possibly improve the OTDOA performance. A potential challenge though is that when multiple non-collocated RRHs of the same macro cell are using the same PRS sequence, it is not straightforward how the UE may distinguish between the PRSs transmitted from different RRHs to benefit from the RRH site diversity. 

7.3.1 
Simulation assumptions

 The intention with the study is therefore two-fold: 

1. Performance study: Study the OTDOA performance in the RRH scenario with the same PRSs transmitted from all RRHs of the same macro cell (macro cells are also transmitting, see Fig. 7.3-1),

NOTE: It is FFS whether the scenario with RRHs without macro cells is to be also studied.

Consider two reference scenarios for the Performance study:

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

· Macro cell scenario without RRHs (i.e., Rel-9 deployment; this is to identify the benefits of the RRH scenario over the legacy macro scenario).
2. Enhancement study: Study possible enhancements to further improve the OTDOA performance in this scenario. However, RAN4 first needs to discuss the possible enhancements to be studied, based on the outcome of the Performance study.
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Figure 7.3.1-1: Deployment scenario for the Performance study.
For both Performance study and Enhancement study it is proposed to reuse the simulation methodology used for Rel-9 OTDOA studies. The simulation approach is outlined as below.
The simulation approach is a static snapshot-based simulator with integrated link-level behavior in a multi-cell environment. A 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 PRS 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. 

Simulation assumptions for CoMP scenario #4 (TR 36.819) may be adapted also for the OTDOA Performance study. Additionally, CoMP scenario with penetration loss of 20 dB for indoor UEs can also be studied.
At least the following performance metrics are suggested for the results analysis:

· 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.
7.3.2
Performance characterization
In this section, the simulation results and conclusions from interested companies are collected.

· Evaluation from Intel (R4-141586)
	The RSTD estimation accuracies are compared under two scenarios: RRHs have different CID from Macro and Macro only.
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Figure 7.3.2-1: CDF of RSTD estimation accuracy for the strongest identified cell except the reference cell
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Figure 7.3.2-2: CDF of RSTD estimation accuracy for the second strongest identified cell except the reference cell
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Figure 7.3.2-3: CDF of RSTD estimation accuracy for the third strongest identified cell except the reference cell

As shown in Figure 7.3.2-1 ~ 7.3.2-3, it is beneficial if PRS is transmitted from all RRH and the RRH which share the same CID can still be distinguished by the network and UE.


· Evaluation from Huawei (R4-141702)
	· Scenario1: RRH scenario with different PRSs transmitted from different RRHs of the same macro cell (this is to identify whether using the same PRSs at different RRHs contributes to the OTDOA performance degradation)

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

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

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

(1) Simulation for RRH with macro coverage
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Figure 7.3.2-4.  Number of Detected Cells per UE
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 (a) Scenario1









(b) Scenario2

Figure 7.3.2-5.  PRS Ês/Iot of the 1st / 2nd /3rd (strongest) cell
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 (a) Scenario1









(b) Scenario2

Figure 7.3.2-6.  PRP of the 1st / 2nd /3rd (strongest) cell
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Figure 7.3.2-7.  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 RRH shall be used for OTDOA to achieve higher localization accuracy than R9 and the methods to distinguish RRHs shall be discussed.
(2) Simulation for RRH without macro coverage
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Figure 7.3.2-8.  Number of Detected Cells per UE
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 (a) Scenario 3









(b) Scenario 4

Figure 7.3.2-9.  PRS Ês/Iot of the 1st / 2nd /3rd (strongest) cell
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(b) Scenario 4

Figure 7.3.2-10.  PRP of the 1st / 2nd /3rd (strongest) cell
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Figure 7.3.2-11.  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 RRHs 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 RRHs shall be discussed to achieve higher localization accuracy.



7.3.3
Possible enhancement options

For het-net scenarios, the usage of RRH can be beneficial for OTDOA performance, provided there are methods to distinguish the measured signals from different RRHs.

-----------------------------------------------------------End of TP---------------------------------------------------------

