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1 Introduction
In last RAN4 meetings, the eCID enhancements in het-net scenarios were discussed. The methodology of evaluation is approved in [1] and some solutions are discussed in [2]. In this meeting solutions and evaluations for ECID enhancement are also discussed in [3][4]. 
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
-----------------------------------------------------------Start of TP---------------------------------------------------------
7.4
Possible enhancements on E-CID

For E-CID positioning, CRS is used for the DL part of the UE Rx-Tx time difference measurement and CRS sequence is also derived from PCI (for the UL component, SRS are used).
7.4.1 
Simulation assumptions

The intention with the study is therefore two-fold:
1. Performance study: Study the UE Rx-Tx time difference measurement performance in the RRH scenario with the same CRSs transmitted from all RRHs of the same macro cell. Compare to the reference scenarios (the scenario with different CRSs transmitted from different RRHs and the macro-only scenario).
Consider two reference scenarios for the Performance study:
· RRH scenario with different CRSs transmitted from different RRHs of the same macro cell 
· Macro-only scenario

2. Enhancement study: Study possible enhancements to further improve the UE E-CID positioning performance in this scenario. However, RAN4 first needs to discuss the possible enhancements to be studied based on the outcome of the Performance study.

Simulation assumptions for CoMP scenario #4 (TR 36.819) can be adopted also for the UE E-CID Performance study, and for simplicity, assume that RTT is determined by UE Rx-Tx only along with ideal (zero) eNodeB Rx-Tx.
For both Performance study and Enhancement study it is proposed to reuse the simulation methodology used for Rel-9 ECID 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 cell,

( Generate interferers (full load case can be considered as baseline)

Step 2. UE Rx-Tx  measurements generation at the link level, while collecting the signal quality statistics

Step 3. Generate the performance metrics

At least the following performance metrics are suggested for the results analysis:

· The distribution (CDF) of UE Rx - Tx time difference measurement error (delay error) in number of Ts (1 Ts = 32.5 ns) is to be shown for the reference scenarios for each of the two studies. The measurement error is the difference between the estimated UE Rx-Tx time difference and the true UE Rx-Tx time difference. The true Rx-Tx time difference is based on the assumption that UE has perfect knowledge of serving base station timing. 

· The distributions (CDFs) of the RTT error are to be shown for each of the two studies. The RTT error is the difference between the estimated RTT and the true RTT. 
· Positioning accuracy CDFs. The positioning accuracy is the difference between the estimated UE location and the actual UE location.
· Macro-only scenario: true RTT is the doubled distance between UE and macro eNB

· RRH scenario with different CRSs transmitted from different RRHs of the same macro cell: true RTT is the doubled distance between UE and serving RRH
· RRH scenario with same CRSs transmitted from different RRHs of the same macro cell: true RTT is the doubled distance between UE and macro eNB

Macro cells are also transmitting CRS.

7.4.2
Performance characterization
In this section, the simulation results and conclusions from interested companies are collected.

· Evaluation from Huawei (R4-146037)
	· Scenario1: Macro-only scenario with different CRSs transmitted from different macro cell
· Scenario2: RRH scenario with different CRSs transmitted from different RRHs of the same macro cell

· Scenario3: RRH scenario with same CRSs transmitted from different RRHs of the same macro cell (this is to identify whether using the same CRSs at different RRHs contributes to the UE E-CID positioning performance degradation)
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Figure 7.4.2-1.  CDF of UE Rx-Tx Error in AWGN
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  Figure 7.4.2-2.  CDF of UE Rx-Tx Error in ETU
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Figure 7.4.2-3.  CDF of RTT Error in AWGN
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Figure 7.4.2-4.  CDF of RTT Error in ETU
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Figure 7.4.2-5.  CDF of Positioning Error

Observation 1: Both in AWGN and in fading channel, the Rx-Tx and RTT measurement performance of scenario 1 and scenario 2 are similar.

Observation 2: The positioning performance of scenario 3 is much worse than performance of scenario 2.
Observation 3: The largest part of RTT error comes from the wrong judgement of anchor point for RTT estimation.

Proposal 1: In the het-net scenarios, the methods to distinguish RRHs shall be discussed for ECID to achieve higher localization accuracy.



7.4.3
Possible enhancement options

In this section, the analysis from interested companies are collected.
· Analysis from Ericsson (R4-144954)
	UE Rx-Tx time difference is a bidirectional measurement, e.g., it involves receiving DL signals by the UE and receiving UL signals by the network. In UL, UE Rx-Tx time difference measurements are based on SRS. In DL, UE Rx-Tx time difference measurements are performed on CRS which in LTE are associated with the physical cell ID of the radio node transmitting the CRS. This enables the UE to distinctly identify the radio nodes involved in E-CID positioning measurements. 

For DL in a shared cell (e.g., employing RRHs or CoMP), which has more than one radio nodes transmitting signals within the shared cell with all radio nodes sharing the same cell ID, the UE cannot distinguish between the radio nodes that are sharing the cell. This may possibly deteriorate the positioning accuracy based on E-CID positioning measurements which uses CRS. An alternative could be to perform the DL measurement of UE Rx-Tx based on the UE-specific signals such as CSI-RS which, however, may have insufficient density of REs to achieve the necessary accuracy for UE Rx-Tx.

For UL, two deployment options for shared cells may be envisioned:

· RRH with DL transmitters and UL receivers, and

· DL-only RRHs, i.e., the UL signals are received by eNodeB.

It has to be noted, however, that the UL signals transmitted by the UE are received by eNodeB or by different RRHs. With RRHs, the first RRH receiving the SRS transmitted by the UE is likely the RRH closest to the UE. Thus, unlike with the purely DL-based RSTD measurement, Rx-Tx measurements (UE Rx-Tx or eNodeB Rx-Tx) that involve the DL measurement component based on CRS (common among different RRHs within the cell) still have the UL measurement component which is distinguishable since it is associated with the receiving radio node (eNodeB or RRH) known to the network. For eNodeB Rx-Tx, the UE would respond to CRS on the first path and the closest RRH would receive the UE’s SRS first. For UE Rx-Tx, the UE may know the closest RRH based on the same principle. Alternatively, the UE may report the performed UE Rx-Tx measurement to the network and the network may associate the measurement with the relevant RRH, based on the UL component received from the UE by that RRH.

Proposal: RAN4 to discuss possibilities of using the UL component of Rx-Tx measurements for identifying the closest RRH and associating the Rx-Tx measurement with the correct RRH.


· Analysis from Huawei (R4-146041)
	ECID is based on the measurement of UE Rx-Tx time difference, and naturally we have to consider both Rx and Tx timing estimation. 

(1) UL available only on MeNB

(2) UL available on MeNB and RRHs
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· UE Rx-Tx time difference estimation

For case that UL available only on MeNB, in order to guarantee that Rx-Tx time difference measurement is performed on symmetry links, UE shall be indicated to perform Rx timing estimation on the CSI-RS from MeNB instead of other CSI-RSs. 

For case that UL available on MeNB and RRHs, UE could estimate the Rx timing of all CSI-RSs from MeNB and RRHs, but it is critical for UE to decide what is the Tx timing. The Tx timing is defined in TS36.133 as,

The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell.
So the UL timing is decided by the earliest received downlink reference signal, e.g. earliest received CSI-RS. Because UE Rx-Tx time difference measurement shall be performed on symmetry links to achieve the accurate round trip time, UE shall estimated the Rx-Tx time difference based on the first arrival CSI-RS.

· eNB Rx-Tx time difference estimation

From eNB side, eNB shall also estimate the eNB Rx-Tx time difference for ECID on symmetry links. For case that UL available only on MeNB, the eNB Rx-Tx time difference shall be estimated on the antenna connector of MeNB.

For case that UL available on MeNB and RRHs, the eNB Tx timing shall be based on transmission timing of the CSI-RS which matches CSI-RS in the UE Rx-Tx time difference reporting. The eNB Rx timing shall be considered as the first arrival UL reference signal among the MeNB/RRH antenna connectors.

· Possible procedure of ECID enhancement based on CSI-RS

The existing RRH specific RS (CSI-RS) was not designed for positioning purpose actually, that is, signalling is needed to let ESMLC or eNB configure RRH specific RS to UE for positioning purpose.  

ESMLC can ask eNB about the CSI-RS status of its RRHs or ESMLC might request eNB to configure the CSI-RS to RRHs for ECID positioning. ESMLC will send the CSI-RS information to UE, which might include the timing information, port information, CSI-RS configuration and etc.

So, by using RRH specific RS (e.g. CSI-RS), UE is able to identify the specific RRH, and then UE can perform Rx-Tx time difference measurement based on RRH specific RS and report to the network for location calculation.

Proposal 1: Rx-Tx time difference measurement shall be performed on symmetry links.

Proposal 2: For case that UL available only on MeNB, UE shall be indicated to perform Rx timing estimation on the CSI-RS from MeNB instead of other CSI-RSs, and the eNB Rx-Tx time difference shall be estimated on the antenna connector of MeNB.

Proposal 3: For case that UL available on MeNB and RRHs, UE shall estimated the Rx-Tx time difference based on the first arrival CSI-RS, and eNB Tx timing shall be based on transmission timing of the CSI-RS which matches CSI-RS in the UE Rx-Tx time difference reporting, and the eNB Rx timing shall be considered as the first arrival UL reference signal among the MeNB/RRH antenna connectors.


7.4.4
Summary
Summary in this section is based on the analysis from interested companies in section 7.4.3. 
(1) It is beneficial to distinguish RRHs for ECID positioning accuracy in het-net scenarios.
(2) CSI-RS based Rx-Tx solution shall be prioritized for ECID enhancement in het-net scenarios.
(3) Rx and Tx timing measurement in het-net scenarios shall be guaranteed to perform on symmetry links.
-----------------------------------------------------------End of TP---------------------------------------------------------
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