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Discussion
1. Introduction

Synchronization of HeNBs is a well known requirement for the operation of a TDD network. RAN4 has studied various methods for synchronization, including the case when the HeNB has access to a universal time using GNSS or other methods such as backhaul based synchronization (IEEE 1588v2) [1].

However, the acquisition of universal time by a HeNB does not imply synchronization, because there is no clear way to map the universal time to LTE frame boundaries. This is because RAN4 only specifies a requirement on the time difference between two (H)eNBs frame start timing [2]. Thus a HeNB which gets its time from GNSS / IEEE 1588v2 may not be able to meet the synchronization requirement w.r.t. macros since it is unaware of the frame start time of the macro network.  

We proposed in RAN2 that such a solution to this issue be provided. Further, synchronization is also useful for eNBs if eMBMS is being used, and we propose that a mapping from universal time to frame boundaries be recommended for eNBs also.
While the proposals and any potential solutions are for RAN2 to decide on, we are submitting the same document for discussion in RAN4 since the topic of (H)eNB synchronization is of interest to both working groups. 

2. Discussion and RAN2 Proposals
2.1 Description of time to frame boundary mapping

The simplest way to map a universal time to a frame number is to specify a “start system time” where the frame number is set to zero. For example, this time can be selected to be January 6, 1980 00:00:00 UTC.

With such an agreed start time, two HeNBs that have access to the same universal time will be able to align their transmissions.

2.2 TDD HeNB Use Case 
In case of TDD HeNB, synchronous operation is important to avoid mutual interference between uplink and downlink. For such synchronization, RAN4 has agreed that GNSS is a valid source of timing. However, this RAN4 solution does not work until different HeNBs have the same understanding of mapping the time to frame boundaries. This problem is particularly important due to the highly likely multi-vendor nature of HeNB deployments.
Proposal 1: For TDD HeNB with access to a universal time, specify a start time for the purpose of mapping universal time to frame boundaries.
Once such a mapping of timing is specified for the HeNB, the macro TDD network can use the same start time function to make sure there is alignment between HeNB and TDD.
2.3 eMBMS Case

As part of eMBMS, a synchronization function is specified:

From 36.440:
6.5        MBMS signalling synchronization over M2 

The M2 interface shall support timing and synchronization management functions. MCE transmits the control information to eNBs through M2 interface. Synchronization function guarantees the corresponding MCCH to be transmitted at all eNBs simultaneously.
This function assumes that the eNBs share a common timing alignment. However, if eNBs are deriving time from GPS, then timing alignment is not guaranteed. It is possible for the network operator to require all eNBs to use a common mapping, but that presents unnecessary complexity.
Proposal 2: For eNB that support eMBMS and have access to a universal time, specify a start time for the purpose of mapping universal time to frame boundaries.
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