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1 Introduction

In 3GPP RAN plenary meeting #69, the new WID of indoor positioning was approved as in [1] with following guidelines to RAN1 working scope as well as the task in RAN1 #82bis:
· For RAT-dependent positioning enhancements, namely OTDOA enhancements and E-CID enhancements, define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]. The work includes the following but not limited to:

a) Sort out the options for OTDOA/E-CID enhancements for Work Item [RAN1]
· RAN1#82-bis: Finalize the list of OTDOA and E-CID enhancements.  Prioritize the enhancements without RAN1 impact e.g. time domain separation method to solve same PCI problem (as classified in TR36.855), RSTD quantization error, and CRS usage together with PRS for RSTD measurements
While we have a separate contribution [6] to show our overviews on what OTDOA-based enhancements should be considered in WI, this contribution specifically focuses on the same PCI issue.
2 Considerations on the same PCI issue 
The same PCI issue arises when the multiple network nodes such as macro eNB with multiple RRHs, which have different geographic locations but share the same PCID, transmit the DL signals for UE to measure RSTD in OTDOA and/or to measure Rx-Tx timing difference in ECID, where the DL signals generated at different network nodes based on the same PCID are identical so that the location information contained in the received DL signal is ambiguous on UE side.  This contribution analyzes this issue from several aspects. 

What does the issue include?

In our view, the same PCI issue comes with two aspects:
· Issue with PRS: the measured RSTD involving with at least one network node in same-PCI environment could be corrupted due to ambiguous location of PRS transmitter. This is only applicable to OTDOA positioning.
· Issue with CRS: Because the UE is not prevented from measuring RSTD based on CRS or PRS+CRS at least when there is no uncertainty on CRS CP length (e.g. when the reference cell is the serving cell), the measured RSTD could still be corrupted due to ambiguous location of CRS transmitter. In addition, CRS is the only DL signal measured in the existing ECID for the Rx-Tx timing difference. So the issue with CRS in case of the same PCI happens to both OTDOA and ECID. 
Observation 1: The same PCI, if applied to different macro/RRH at different locations, would impact PRS-related timing measurement in OTDOA, and CRS-related timing measurement in both OTDOA and ECID.  
What does earlier study show for potential enhancements?
The same PCI issue was studies in RAN4 [3] with simulations on four scenarios:
▪
Scenario1: RRH scenario with different PRSs transmitted from different RRHs of the same macro cell;
▪
Scenario2: Macro cell scenario without RRHs;
▪
Scenario3: RRH scenario with different PRSs transmitted from different RRHs and with no macro coverage;
▪
Scenario4: RRH scenario with same PRSs transmitted from different RRHs and with no macro coverage.
The simulation conclusions for OTDOA performance based on PRS are given in [3] and copied below.
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Figure 7.2.2-7 in [3]                                                              Figure 7.2.2-11 in [3]
Figure 1 Earlier performance results in RAN4
It is obviously shown in RAN4 study that, per PRS wise,
· RRH scenario with the same PCI for multiple RRHs per cell (scenario4) has the OTDOA performance much worse than macro-only scenario (scenario2), so the same PCI across multiple RRH would not even be a positioning scenario that people would choose for real-world OTDOA positioning and consider as a basis for enhancement. The potential enhancement involving with PRS utilization across macro/RRHs should be compared to scenario2, instead of scenario4. In other words, “the same PCI” is even a wrong terminology used in positioning study. 
· Compared to horizontal requirements in FCC’s 4th report and order [4], which include 50m accuracy for 40% (within 2 years) up to 80% (within 6 years), both scenario1 (different PRS over macro/RRHs) and scenario2 (macro-only) meet FCC requirements, while the gain of scenario1 over scenario2 is quite small --- only 2~3m at 60% of calls and about 5m at 80% of calls.  
The earlier RAN4 study in [3] did not cover the issue with CRS in OTDOA positioning. In fact, if the legacy UE may include CRS in the RSTD measurement, adding RRHs to the macro-only case would also corrupt the RSTD measurement in legacy UE that measures CRS coming from macro eNB, even if the RRHs have different PRS.  

The conclusion in [2][3] does not yet provide agreeable solution to the issue on CRS in ECID positioning. For example, for the #1 solution named “Network solution based on the UL component” in [3], some company gives the comment that “The usage of this approach may not work, or be very limited, in practice.” 
Observation 2: Based on earlier RAN4 study, 
· The same PCI across multiple RRH is not even a positioning scenario that people would choose for real-world OTDOA positioning and consider as a basis for enhancement. “the same PCI” could be even a wrong terminology used in positioning study.
· Comparing to potential regulatory requirement, the gain of different PRS in macro/RRH over the macro-only PRS is very limited.
· The issue with CRS in OTDOA remains unsolved. Adding RRHs to the macro-only case may corrupt the RSTD measurement in at least legacy UE, even if the RRHs have different PRS. 
· The agreement may not be easily reached for ECID in the scenario with macro/RRHs having the same PCI.   
Is the “enhancement” with no RAN1 impact the best solution on PRS?
The fundamental reason for the PRS ambiguity in case of the same PCI is that the PRS generation and the PRS configuration are both based on PCID. Besides the higher-layer signalling to separate the PRS per transmitter in time domain, another solution is to decouple the one-to-one dependency of PRS onto PCI by replacing the PCID in PRS configuration and generation with a new configurable PRS ID. With distinguishable PRS ID, the existing PRS_Info IE can be used to support time separation with appropriate PRS configuration index and/or PRS muting pattern. In addition, the PRS signals transmitted from the multiple nodes of the same PCID can be separated in frequency domain given vshift is now dependent on PRS ID, instead of PCID. That is to say, the application of configurable PRS ID requires less number of PRS subframes than time-domain separation, which saves more subframes for data transmission. Note that the existing PRS generation is already based on a “configured ID”, though the configured ID is specified as PCID. Meanwhile, there are certain other potential OTDOA enhancements as following that also require decouple the dependency between PCID and PRS: 

· Per-beam-wise PRSs from the same eNB [5], which has RAN1 impacts; 
· PRS beacon with no PCID [2], which is categorized in [1] as RAT-independent enhancement. 

Unfortunately the WID [1] prioritizes the RAN1 discussion for RAT-dependent enhancements having no RAN1 impacts. In addition, the time units allocated to RAN1 for indoor positioning enhancements is too limited for RAN1 to have a comprehensive study for these potential enhancements.  

Observation 3: To decouple the dependency between PCID and PRS, which is able to support different PRS sent from macro/RRHs in a more efficient way than time-domain separation, is meanwhile the basis of several other potential enhancements for OTDOA. However, this is not prioritized and therefore unlikely to be comprehensively studied in WI.
To summarize the above analysis, 
· The motivation to support positioning in macro/RRH deployment of same PCI is not strong enough, due to 
· The problems with CRS in both OTDOA and ECID remain unsolved. 

· The different PRS in macro/RRH has very limited OTDOA performance gain over macro-only PRS, and could meanwhile be performance destructive for legacy UE measuring CRS for RSTD.   

· To decouple the dependency between PCI and PRS (i.e. with a virtual PCID) can support some other potential enhancements, in addition to supporting different PRS from macro/RRH in a more efficient way than time-domain separation. 
Therefore, if RAN1 does not have enough time to study the solutions with RAN1 impacts, such as the utilization of virtual PCID, it is recommended to leave the whole discussion on “PRS signals based on the same PCI” to future LTE release. 
3 Conclusion 

This contribution gives the observations on the same PCI issue, which are summarized as:
· The motivation to support positioning in macro/RRH deployment of same PCI is not strong enough, due to 

· The problems with CRS in both OTDOA and ECID remain unsolved. 

· The different PRS in macro/RRH has very limited OTDOA performance gain over macro-only PRS, and could meanwhile be performance destructive for legacy UE measuring CRS for RSTD.   

· To decouple the dependency between PCI and PRS (i.e. with a virtual PCID) can support some other potential enhancements, in addition to supporting different PRS from macro/RRH in a more efficient way than time-domain separation. 

Under these observations, it is proposed 

· To leave the whole discussion on “the same PCI” to future LTE release, if RAN1 does not have enough time to study the solutions having RAN1 impact in Rel-13 WI.
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