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1 Introduction

At RAN1#79, the simulation evaluation scenarios and assumptions for the indoor positioning study were discussed and R1-145396 [1] was agreed as a working assumption with several issues left for further study, including the following:

· FFS synchronization error
Also at RAN1#79 there was an agreement to approve R1-145415 [2] for OTDOA simulation assumptions, with two changes, including:

· FFS synchronization error
This proposal attempts to close these FFSs with reasonable values.  
2 Phase Synchronization Accuracy
There have been proposals to assume perfect synchronization for OTDOA in order to simplify the simulation.  However, synchronization between eNodeBs is an important parameter in the accuracy of OTDOA.  A whitepaper on OTDOA [3] shows how the OTDOA worst case location error is linearly proportional to the maximum BS synchronization error:
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Figure 8-6: Impact of Base Station Synchronization Error on Location
Accuracy.
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Source: [3]
The documented 3GPP requirements for LTE eNodeB synchronization are on the order of 1.5+ µs to support LTE TDD, LTE MBSFN, LTE-A, CoMP, eICIC, etc.  [3]  While the OTDOA whitepaper [3] says that the required clock phase synchronization for OTDOA is “<<0.1 µs, implementation dependent.” 

To require eNodeB clock phase synchronization of 2-3 orders of magnitude of tighter than what is required for LTE-A would be a significant challenge for network deployments.  There are commercial solutions available that offer clock synchronization within +/- 100 ns based on GPS [4].
Proposal 1: For outdoor macro cells and outdoor small cells use +/- 100 ns synchronization accuracy.    
Indoor small cells in most multi story buildings will not have access to GPS signals to use to synchronize their clocks.  In these cases network based synchronization will likely be used.  Small cells will typically have a wired connection.  IEEE 1588 Precision Time Protocol (PTP) allows for synchronization of small cells via wired network connections.  Table 1 of ITU G.8271 lists Time and phase requirement classes [5]:  
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1 1 ms-500 ms Billing, alarms
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LTE TDD (large cell)
3 LinsSps Wimax.TDD (some configurations)
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'NOTE 1 - The most stringent requirement that is expected for IP monitoring has been chosen as the limit
for this class of requirements.
NOTE 2 - The requirement is expressed in terms of error with respeet to the ideal reference.
NOTE 3 - The performance requirements of the LTE-A features are under sudy.

NOTE 4 — The value for x s for further study.





Source: [5] 

Since the value for LTE-A is TBD, it is proposed that 1 µs be used for indoor small cell accuracy.  That value can be achieved through IEEE 1588 PTP, and will meet the published synchronization requirements for LTE and LTE-A.
Proposal 2: For indoor small cells use +/- 1 µs synchronization accuracy.    

2.1 Proposal

Based on the discussion above, we have the following proposals:
Proposal 1: For outdoor macro cells and outdoor small cells use +/- 100 ns synchronization accuracy.    

Proposal 2: For indoor small cells use +/- 1 µs synchronization accuracy.    

3 Conclusions
In this contribution we have discussed the FFS for synchronization for OTDOA, and have the following proposals:

Proposal 1: For outdoor macro cells and outdoor small cells use +/- 100 ns synchronization accuracy.    

Proposal 2: For indoor small cells use +/- 1 µs synchronization accuracy.    
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