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1. Introduction

In previous RAN3 meetings we have discussed different options for achieving eNB Node Synchronization. The discussion has mainly been triggered by the discussions on MBMS, but this is also of importance for the TDD mode of LTE. As presented in previous contributions [1], [2], and also discussed in this contribution different methods and techniques are preferred depending on deployment scenario and it is difficult to find one single method that is suitable for all scenarios. 
It should also be noted that the requirement for TDD synchronization and MBMS synchronization are not by default the same and the requirements on accuracy should be separated to allow for cost efficient implementation. As mentioned in this contribution, but not addressed in any details, we should also consider the scenario of only requiring frequency synchronization and not mandate any superfluous method.
Due to the diverse requirements and applications we would therefore like to support the introduction of a logical port at eNB that can be used for reception of timing input independent of synchronization method chosen.
2. Discussion
It might be worth clarifying the terminology with regards to synchronization before entering the discussion on different requirements for synchronization. The term synchronization could refer to Frequency, Phase or Time synchronization. The difference between frequency synchronization and phase synchronization is shown in the figure below.
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The term “Time Synchronization” means that all synchronized nodes have access to the information on the absolute time.

In the context of eNB synchronization and this contribution we are addressing phase and/or time synchronization in essence to provide the means for delivering synchronized content from multiple eNB transmitters, either as part of a MBMS feature or TDD transmission. It could also be noted that the MBMS content synchronization schemes presented in [4] R3.018 all assume time synchronization of eNB. 
Frequency synchronization is typically also required to maintain stability of the clocks in e-UTRAN and could be derived from a phase synchronization source but it could also be provided via separate source. In many scenarios this would also be the only synch required.

It should also be noted that the requirement for TDD synchronization and MBMS synchronization are not by default the same but the accuracy requirement for TDD are likely to be relaxed compared to MBMS.  For a synchronized wide area LTE TDD system in general, performance is expected to improve with increasing synchronization accuracy. The requirements on synchronization can thus be relaxed given a certain tolerable performance degradation. One straightforward way to do this is to use the idle guard periods between uplink and downlink periods which for LTE TDD based on the generic frame structure have not been settled. In summary, it is expected that an LTE TDD system may operate with different degrees of synchronization accuracy. Further, assuming that TDD and FDD could be realized in different products it would be beneficial to separate the requirements on accuracy to allow for cost efficient implementation.

As mentioned in previous discussions there are several diverse techniques for achieving synchronization of radio network sites. Some of the methods mentioned are satellite based synchronization (GPS, GNSS), network based synchronization (IEEE 1588 has been mentioned, but also NTP could be applicable) and over the air methods such as UE assisted or Inter e-Node B. The different techniques have been discussed in previous contributions [1], [2], and we note that they all have different properties.
Having all the options specified in the standards is likely to lead to complex synchronization specification and as methods for synchronization in packet networks are currently discussed in various forums this might be a cause for continued updates. An option to documenting all is to mandate one single method to ensure synchronized eNBs. This would ease the documentation effort but might instead have impact on the implementation or deployment cost.

To depict the impact on different RBS applications we will in this contribution describe the different techniques coupling these to different application scenarios for an eNB. 

Satellite based synchronization (GPS, GNSS)

GPS (or GNSS) based synchronization is probably the most widely used solution today to achieve a synchronization accuracy that supports both strict phase accuracy requirements (such as those required by synchronized TDD operation and MBMS). However it does as noted in [1] have some constraints as to where it can be deployed (e.g. indoor applications, not allowed in all countries). The poor indoor visibility of GPS signal make the application less attractive in pure indoor deployments and although GNSS is stated to have better indoor coverage using GPS based synchronization might in some scenarios be less attractive for cost reasons. 
Network based synchronization (IEEE 1588, NTP)

Network based Synchronization should in this context not be confused with the physical layer synchronization used to achieve stability of the clocks in e-UTRAN.  
IEEE 1588 may as noted in the LS response [3] from IEEE under some assumptions support the required accuracy. In fact achieving the accuracy of a few microseconds is dependent on the support of the intermediate nodes, network topology and traffic load. Therefore the IEEE 1588 would work only in limited cases and in a scenario of leasing a transport network it will be very difficult to control of the synchronization accuracy. It should be noted that a legacy transport network will not have the support for IEEE 1588 so the cost for upgrading and adopting the transport need to be considered.  IEEE 1588 can also be adopted without the support in intermediate nodes, but this is then not very different from the NTP (Network Time Protocol) protocol as has similar properties. Dependent on the required accuracy and network topology NTP could also be a network based synchronization option.  
To get accurate and robust time synchronization in both NTP and IEEE 1588 the choice of algorithm and oscillator in eNB is of importance. Accuracy and stability of the latter is also much sensitive to cost. This is likely to be less of an issue in macro implementations than micro, pico or femto implementations.  

Over the air synchronization (UE assisted, Inter eNB)
Both UE assisted and Inter eNB synchronization can probably support the accuracy requirements for TDD and MBMS. Depending on the choice of implementation an over the air based method could be a cost efficient solution, but one essential drawback with over the air synchronization is the need to consume radio resources. Additionally, over the air synchronization also put requirements on radio network planning and deployment. As an example, inter eNB synchronization requires that the eNBs can hear each other, whereas UE assisted requires that UEs can hear several eNBs. Ericsson preference is in general to avoid or minimize unnecessary use of radio resources, but depending on the deployment scenario and the adherent requirements this might be a preferred option. Over the air synchronization would require some standard support and the need for these methods as well as aspects of stability and reliability should be further studied.
3. Conclusion
Diverse methods and techniques are possible to meet the different requirements set by TDD and MBMS synchronization accuracy. The preferred choice of technique is very much dependent on eNB application and deployment scenario and it is difficult to find one single method that is suitable for all cases. 
As no single method can cover all LTE applications it is proposed to support the introduction of a logical port at eNB that can be used for reception of timing input independent of synchronization method chosen.
4. Proposal

We propose the following text proposal to be captured in TS 36.300, subsection to chapter 4 Overall Architecture. 

4.x
Synchronization

Diverse methods and techniques are preferred depending on synchronization requirements. As no single method can cover all LTE applications a logical port at eNB may be used for reception of timing input independent of synchronization method chosen.
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