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1 Introduction
In previous RAN4 meetings, the OTDOA enhancements were discussed [1] ~ [8]. The methodology was approved in [1], and interested companies provided evaluation and analysis in [2] ~ [7]. Some tentative options of enhancement were discussed in [8].
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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.
7.3.3.1 Possible enhancement options from interested companies
In this section, the possible enhancement options from interested companies are collected.

· Analysis from Ericsson (R4-146328)
	Time-domain candidate solutions:

•
Proposal 1: Consider the approach based on RRH-specific time offsets as a baseline approach.

•
Proposal 2: The same time offset may be used for a group of RRHs which are close to each other.

•
Proposal 3: Positioning occasions of a cell are a union of the cell’s RRHs’ positioning occasions. Positioning occasions of different intra-frequency cells may be aligned, as in Rel-9.

•
Proposal 4: RAN4 to discuss RSTD measurement requirements for the approach based on RRH-specific PRS time offsets.

•
Proposal 5: The same RSTD measurement accuracy as in Rel-9 can apply for RSTD measurements in deployments with RRH.

•
Proposal 6: RSTD measurement period in deployments with RRHs depends on the number of RRHs.

Candidate solutions relying on different sequences:

•
Observation: Most of the solutions in this group require new signalling and have more impact on specification and the involved node (including UE). The largest expected impacts are with CSI-RS RSTD measurements.


· Analysis from Alcatel-Lucent (R4-140647)

	Two suggestions regarding to the OTDOA scenario that RRH with PCI identical to the associated macro cell are proposed.

Observation 1: There is no reason to transmit PRS signal from an RRH with PCI identical to the associated macro cell since the RSTD measurements associated with the RRH are not useful for OTDOA positioning because the RRH location is unknown to the location server.

Observation 2: Transmitting PRS signals from an RRH with PCI identical to the associated macro cell generates multi-path type interference, which will degrade the UE’s performance in detecting the time of arrival of PRS signals from the macro cell.


· Analysis from Intel Corporation (R4-146535)

	Proposal 1:  The RRHs with same PCID can be assigned with different PRS muting patterns. UE reports prs-mutinginfo configured and used for measuring RSTD for a cell together with other measurement reporting (such as PCID, RSTD, or RSTD quality), e.g., in IE NeighbourMeasurementElement.

Proposal 2:  The RRHs with same PCID can be assigned with different PRS configuration indices. UE reports the configured PRS configuration index together with other measurement reporting (such as PCID, RSTD, or RSTD quality), e.g., in IE NeighbourMeasurementElement.


· Analysis from Huawei, HiSilicon (R4-146036)

	·  Solution 1: Non-overlapping time-separated positioning occasions
Based on the analysis, this method will not have impact on the current physical design for positioning signal but only some signalling shall be introduced (possible impact to RAN2/3).

· Solution 2: Different RRHs transmit the same PRS in different subframes of the same positioning occasion

This method will not have impact on the current physical design for positioning signal but only some signalling shall be introduced (possible impact to RAN2/3).

· Solution 3: Different PRS sequences for different RRHs in the same cell
As the new ID or index might be introduced for scrambling, this method will not only have impact on the current physical design for positioning signal (possible impact to RAN1) and also some signalling shall be introduced (possible impact to RAN2/3). On the other hand, the orthogonality of scrambling code doesn’t show gain over time domain differentiation method, but will introduce more complexity for UE measurement. 

· Solution 4: New RRH-specific RS
By using RRH specific RS (e.g. CSI-RS), UE is able to identify the specific RRH, and then UE can perform positioning measurement based on RRH specific RS and report to the network for location calculation. It will introduce new measurement quantity of CSI-RS based ToA in RAN1, but it doesn’t need more identifiers for RRH in signalling. Signalling only focus on the measurement configuration and reporting. Compared with time domain method, it will not last too long time for RSTD measurement.
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