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1. Introduction
In RAN1#72bis, the following contribution for air-interface based synchronization was treated, but the detailed discussions were postponed to RAN1#73:
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In this contribution, we share our views on the radio-interface based synchronization, and propose some requirements to help the RAN1 discussions.
2. Required accuracy for time synchronization until Rel-11
It is well known that LTE TDD requires very precise time synchronization to avoid DL-UL interference. Additionally, newly introduced techniques, such as (f)eICIC or CoMP also requires precise time synchronization. Thus, it will be more and more important to achieve precise time synchronization in the future. The functionalities that require eNB time synchronization are summarized in Table 1. Note that the required accuracy depends on several factors, e.g. ISD, but these example values are useful to share the common understanding on the synchronization requirements.
Table 1 Example of synchronization requirements for LTE techniques
	LTE TDD
	3 µs

	MBMS
	5 µs

	(f)eICIC
	5 µs

	CoMP
	1.5µs


3. Problem of the existing time-synchronization schemes
3.1. GPS
GPS is useful to achieve very precise and stable time information in the wide region. However, GPS is not always available everywhere. For example, GPS radio is not available for indoor or basement. Additionally, it is not guaranteed that GPS is available forever. Even though GPS is widely used nowadays, it is not good idea to rely only on GPS for time synchronization in the future. Alternative solution is desired.
3.2. IEEE1588

IEEE1588 is a cost-effective solution to achieve time synchronization since the synchronization can be achieved via Ethernet. Although IEEE1588 can potentially achieve very accurate time synchronization, it is not so easy to achieve a stable time synchronization accuracy due to the jitter caused by switches and/or internal processing of IEEE1588 equipment. As a result, it is not so easy to apply IEEE1588 everywhere, similarly to GPS.
4. Requirements for the radio-interface based synchronization

Given the current issues on GPS and IEEE1588, we expect that radio-interface based synchronization will be applicable for the following cases.
· Applicability for both TDD and FDD
In the past, time synchronization is required only for TDD to avoid UL/DL interference. However, the latest LTE release requires precise synchronization irrespective of duplex mode when advanced functionalities are utilized as mentioned earlier. Thus, applicability for both TDD and FDD is one of the most important requirements for radio-interface based synchronization.
· Applicability for the regions where GPS and IEEE1588 are not available
· indoor
· robust for jitter of the network structure and/or network equipment 
As discussed earlier, GPS and IEEE1588 have each own drawback. We expect that radio-interface based synchronization is useful as an alternative solution for the regions that GPS and/or IEEE1588 are not available.
· Clarify the target accuracy considering LTE techniques, e.g. eICIC, TDD and/or CoMP
· Example of target accuracy 
· 5 µs
· 3 µs
· 1.5 µs
Even when radio-interface based synchronization is standardized in Rel-12, it may not be used in the commercial network if appropriate accuracy is not satisfied. The target accuracy should be clarified to avoid the potential problem in the real life network. In addition, new functionalities in Rel-12 should also be taken into account when RAN1 define the target value.
5. Conclusion
In this contribution, we shared our views on the radio-interface based synchronization. Our requirements are summarized as follows:
Proposed Requirements:
· Applicable for both TDD and FDD

· Applicable for the regions in which GPS and IEEE1588 are not available
· indoor and/or basement
· robust for jitter of the network structure and/or network equipment 
· Clarify the target accuracy considering LTE techniques, e.g. eICIC, TDD and/or CoMP
· the exact value is FFS, the example values are provided as follows
· 5 µs
· 3 µs
· 1.5 µs
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Discuss further at future meetings. 
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