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1 Introduction
In RAN4#71, the following has been agreed [1]:

· 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
· Discuss feasibility and benefits at least for the following methods for OTDOA to distinguish RRH using the same PCI:
· Separating in time PRSs from different RRHs, e.g., based on
· Different time-domain configurations associated with different RRHs using the same PCI
· Generating different signal sequences from different RRHs, e.g.,

· Some examples could be referred in R4-141700 and R4-143798
In this contribution, we discuss further solution approaches that are based on time separation of PRS transmitted from different RRHs using the same PCI. An initial overview for these approaches was provided in [2].
2 Solutions for Hetnet Deployments with RRH based on Time Separation of PRS
Solutions in this group imply that signals transmitted from different RRHs are enough separated in time to avoid the RRH confusion and selecting a wrong peak by a UE. The time separation may be implemented by different means, e.g., as described below. An advantage with these solutions is that there is no need to use different signal sequences for different RRHs (which is an alternative suggested in [1]) and there is no need in developing new sequences either.

2.1 Solution details

One of the approaches based on time separation discussed in [2] is the following:
RRH-specific time offset for PRS transmissions based on the same PCI: By this approach, the existing higher-layer signalling and the existing PRS configurations in TS 36.211 may be reused, and different RRHs within a cell use different time offsets. The UE will then be performing RSTD measurements according to the received OTDOA assistance data. According to the current specification, the UE reports RSTD measurements for cells in the same order as they appear in the OTDOA assistance data, which is to be also done when the RSTD measurements are reported for different RRHs, which enables E-SMLC to associate an RSTD measurement with the corresponding RRH.
The approach described above is illustrated in Figure 1 below for a deployment with three RRHs. 
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Figure 1: Different RRHs within Cell 1 use PRS patterns with the same periodicity but different time offsets.

It is further observed that RRHs that are close to each other, e.g., closer than expected positioning accuracy may be grouped, if needed, such that the same time offset is used for the group. This is illustrated in Figure 2, where RRH2 and RRH3 form such a group.
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Figure 2: The same PRS patterns with different time offsets for different RRHs using the same PCI, RRH2 and RRH3 are close to each other (hence the same time offset).

· 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.
In the current RSTD requirements and test cases it is assumed that positioning occasions are aligned among intra-frequency cells. To follow the same approach for deployments with RRHs, it could be assumed that positioning occasions of a cell are a union of positioning occasions of its RRHs, and the positioning occasions of different cells (i.e., unions of their RRHs’ positioning occasions) are aligned. This is illustrated in Figure 3.
· 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.
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Figure 3: A union of RRHs’ positioning occasions with a cell compose cell’s positioning occasions.

2.2 RSTD Requirements for Deployments with RRH
Once a solution approach for OTDOA enhancement in deployments with RRHs is agreed, RAN4 would also need to consider developing new RSTD requirements or clarify the applicability of the existing requirements for such deployments.

For the solution described above, RAN4 could adapt the existing RSTD measurement requirements and reuse the existing RSTD measurement accuracy requirements. We observe that Rel-9 RSTD measurement period depends on the PRS periodicity. In deployments with RRHs, the measurement period may further depend on the number of RRHs and the PRS periodicity in each RRH may be Tprs´=N*Tprs (N=3 in the example illustrated in Figure 4), where Tprs´ is the PRS periodicity in deployments with RRHs of Cell 1, and Tprs is the PRS periodicity of positioning occasions in a Rel-9 cell (Cell 2).
It should be noted that, with the illustrated approach, the PRSs with RRH-specific time offsets within a shared cell will not cause any additional puncturing of PDSCH compared to a Rel-9 deployment, which is because in the deployment with RRHs the PRS periodicity is scaled by the number of RRHs compared to the PRS periodicity in a Rel-9 cell, i.e., the RRHs are sharing in time the cell’s positioning occasions.
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Figure 4: Relation of PRS periodicity in Rel-9 deployments and deployments with RRHs.

· 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.

3 Summary

The following have been observed and proposed in this contribution:

· 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.
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