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1.
Introduction

A SID of positioning enhancements for E-UTRA[1] is approved in RAN#60 and aims to improve the positioning performance and requirement. Several issues are suggested to be investigated based on the approaches of OTDOA and E-CID.    
· Larger available bandwidths (e.g. 15 and 20MHz for OTDOA and 10, 15, and 20 MHz for E-CID based on UE Rx-Tx time difference measurement).

· Smaller available bandwidths (e.g. 1.4 and 3 MHz for OTDOA and E-CID based on UE Rx-Tx time difference measurement)

· Possible use of downlink Tx diversity for the positioning reference signals (PRS), e.g., schemes transparent to UE, and its impact on the both UE and system performance and/or complexity.  Use of non-transparent schemes can be discussed.

· Deployment of RRHs with identical cell IDs for OTDOA and E-CID based on UE Rx-Tx time difference measurement.

· Carrier aggregation scenarios (including scenarios with multiple TAs for E-CID based on UE Rx-Tx time difference measurement)
In this paper, the HetNet scenarios when RRHs share the same CID are studied and the associated feasibility of OTDOA and E-CID is investigated. 
2. OTDOA
Offset Time Difference Of Arrival (OTDOA) is a positioning method that uses the reported time differences (as measured by the UE) between a reference and at least two neighbor cells to determine the location of the UE. In case of multiple RRHs sharing the same CID, the PRS can be send by one or more than one RRH at the same time. As a result, it may happen that multiple copies of PRS from different RRH (including macro eNB) are detected by the UE. Even though UE can take the strongest and/or earliest arrived PRS as its reference for RSTD, it is however hard for UE to tell where the PRS is transmitted. At eNB side, thanks to CSI-RS based CQI feedback from UE, it is possible of eNB to figure out the RRH where the UE is around about. It should be relatively safe to assume that eNB can identify the RRH which is associated with UE’s RSTD report.  

Observation 1: UE cannot distinguish the source of PRS in case RRH sharing the same CID.
Observation 2: In typical case, eNB should be able to identify the RRH which is associated with UE’s RSTD report. However, further evaluation is needed to justify the robustness.  
The main motivation to introduce the RRH is to improve the link budget and enhance the data throughput at the receiver side. Therefore, it is interesting to understand the impact on RSTD by increasing the received SNR at the serving cell. 

Figure 1: Probability to pass RSTD requirement with various SNR of reference cell
The simulations in Figure 1 suggest RSTD performance is not very sensitive to the SNR of the reference cell. This is due to the fact that the density of PRS is high and the RSTD accuracy is limited by the low SINR of PRS in the measured cells. In other words, RRH does not provide significant RSTD performance improvement, but it does introduce the measurement ambiguity between UE and eNB. In this case, one possible solution to address the issue of multiple RRH with the identical CID is to only transmit the PRS from macro eNB. 
Observation 3: The SNR improvement for the reference cell does not significantly increase the RSTD accuracy. This is especially the case when the PRS bandwidth is high.

Observation 4: It can be beneficial to limit the PRS transmission to the macro eNB only without transmitting PRS in the RRH, which share the same CID. By doing so, the RSTD performance won’t be significantly affected and the measurement ambiguity between UE and eNB can be avoided. 

3. E-CID

Enhanced Cell ID (E-CID) positioning is a network based position measurement technique. In E-CID, the round trip time between the eNB and UE is used to estimate the distance. The directional information can be obtained at eNB by estimating the angle of arrival of the signals from UE. The same as OTDOA, E-CID can experience the same problem when CRS are sent simultaneously by one or multiple RRH, which share the same CID. Even though UE can still estimate the Rx-Tx timing difference, it however may not be able to distinguish where the detected CRS comes from. At the eNB side, it is possible of eNB to identify the RRH which is corresponding to the Rx-Tx timing difference feedback by CSI-RS based feedback. 
Observation 5: The same as OTDOA case, UE cannot distinguish the source of CRS in case of RRH sharing the same CID. However, eNB should be able to identify the RRH which is associated with UE’s Rx-Tx timing difference report. Further evaluation is needed to justify the robustness.  
In this section, the impact of RRH on the Rx-Tx timing difference is also investigated. 
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Figure 2: CDF of Rx-Tx timing difference with various interference conditions
Different from the RSTD case, the CRS density is not as high as PRS’s and the accuracy of Rx-Tx timing difference only depends on the measurement cell SNR. As a result, it is reasonable to assume RRH can greatly improve the performance. However, how to avoid the measurement ambiguity at both UE and eNB should be further investigated. 
Observation 6: SNR improvement due to RRH can significantly enhance the estimation accuracy of Rx-Tx timing.

4. Conclusions 

In this contribution, the Hetnet scenario is investigated, where multiple RRHs share the same CID (e.g. CoMP SC4). Both OTDOA and E-CID are studied from the perspective of UE, network and the received SNR. It is observed that 
Observation 1: UE cannot distinguish the source of PRS in case RRH sharing the same CID.
Observation 2: In typical case, eNB should be able to identify the RRH which is associated with UE’s RSTD report. However, further evaluation is needed to justify the robustness.  
Observation 3: The SNR improvement for the reference cell does not significantly increase the RSTD accuracy. This is especially the case when the PRS bandwidth is high.

Observation 4: It can be beneficial to limit the PRS transmission to the macro eNB only without transmitting PRS in the RRH, which share the same CID. By doing so, the RSTD performance won’t be significantly effected and the measurement ambiguity between UE and eNB can be avoid. 

Observation 5: The same as OTDOA case, UE cannot distinguish the source of CRS in case RRH sharing the same CID. However, eNB should be able to identify the RRH which is associated with UE’s Rx-Tx timing difference report. Further evaluation is needed to justify the robustness.  
Observation 6: SNR improvement due to RRH can significantly enhance the estimation accuracy of Rx-Tx timing.

5. Conclusions 
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