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1. Introduction

In the meeting RAN3#53, the synchronization requirements for MBMS SFN operation [3] have been agreed. The transmission timing of the radio frames has to be synchronized between all eNBs within a SFN Area to allow for RF combining (‘physical layer frame timing synchronisation’). Additionally in each of the radio frames the same content has to be transmitted (‘content transmission synchronisation’).
In this document we propose to base the content transmission synchronisation on a synchronised radio frame numbering among all the eNBs within a Multi-cell MBMS Synchronisation Area. We describe in an annex different mechanisms allowing for such an inter eNB frame number alignment. This shows that a content synchronisation based on radio frame number is independent from the adopted synchronization scheme.
2. Discussion of inter eNB frame number alignment
In Rel-6 the SFN timing of the different cells is not aligned and therefore the transmission timing of MCH had to be aligned by means of time offsets relative to the SFN. The time offset have been determined by synchronisation procedures. 

However for LTE the Rel-6 approach is not applicable. Due to the utilisation of IP multicast in the transport network layer over S1 interface, the transmission delay variation over S1 interface will be larger. If a transport layer Node synchronization like in Rel6 is reused in LTE, the measured timing difference between aGW and eNB might lead to wrong calculation of the transmission time over air interface due to the transmission delay jitter between aGW and eNB because the transmission time is calculated on per eNB basis. 
To alleviate these problems it is proposed to use a common radio frame timing for all eNB such that the frame numbers of all eNBs are aligned and the transmission of the frames occurs synchronously. 

The aGW only needs to indicate one single frame number for the transmission time of MBMS data for all eNBs in the SFN area over air interface and therefore the scheme is applicable for IP multicast. To allow the application of synchronisation methods through cables or air interface based methods it should only be required that frame number synchronisation exists between eNBs within an Multi-cell MBMS Synchronisation Area. In this case some appropriate measures have to be foreseen to allow the mUPE to determine the time-offset between its frame number timing and the frame number timing of the eNBs.
The timing relationships are depicted in figure 1.

In the Annex ‘Schemes for Inter eNB frame number alignment’ to this tdoc, we present some details of suitable schemes allowing for such an Inter eNB frame number alignment. (compare also [7]) 
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Figure 1 Inter eNB frame number alignment
3. Conclusion

In this contribution, the mechanisms of inter eNB frame number alignment in LTE is proposed and discussed. We ask the group to discuss and approve the proposals below..

Proposal 1: To use as time reference for transmission timing radio frame numbering.

Proposal 2: To align the eNB frame numbering between different eNBs within a Multi-cell MBMS Synchronization area. 
Proposal 3: To allow that the frame number alignment and synchronization comprises only the eNBs within a maximum Multi-cell MBMS Synchronization and to foresee the possibility that an mUPE can have a frame numbering with an arbitrary offset to the frame numbering applied in the maximum Multi-cell MBMS Synchronization Area. 
Proposal 4: To analyze and specify means allowing mUPEs to determine the timing offset of their frame numbering relative to the radio frame numbering in a Multi-cell MBMS Synchronization Area.
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Annex: Schemes for Inter eNB frame number alignment
The inter NodeB tight synchronization can be achieved through GNSS, cable and radio [5]. So inter eNB frame number alignment should consider the different synchronization methods.
3.1 Inter eNB frame number alignment through GNSS

If GNSS is used as the common system reference time source, eNB and aGW can receive the absolute GNSS time (it may be unnecessary for aGW to get GNSS time), and so the counter of eNB and aGW can be aligned with GNSS with module of 4096 frames. 

In general, the associated BFN can be derived as: BFNi = BFNj = (GNSS time*100) mod 4096 [6].

3.2 Inter eNB frame number alignment through cable

For Inter eNB frame number alignment through cable, it allows connecting eNBs in a daisy chain configuration, so that a single external reference is enough and all remaining eNBs can be synchronized (e.g. in case of isolated places like for underground) [6]. For this option, the synchronization signal can use 256 and 4096 frames markers (see Figure 2). 
The Inter eNB frame number alignment procedure is as below. When eNB detects the falling edge of the pulse corresponding to the frames where BFN mod 4096 =0, the eNB adjusts the counter of BFN to 0.
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Figure 2  Synchronization signal with 256 and 4096 frames markers
3.3 Inter eNB frame number alignment through radio
For the node synchronization through radio, we can think about the cell search procedure as well as the structure of downlink SCH for E-UTRA. The SCH in the downlink is necessary for sub-frame and frame timing detections, and cell-ID detections, etc. Similarly, the inter-eNB frame number alignment procedure via radio can be designed as in Figure 3,
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Figure 3 Inter eNB frame number alignment procedure

The step 1 and 2 are the same as in cell search procedure. It can use hierarchical or non-hierarchical SCH.

Step 1: SCH symbol timing detection

According to the SCH signal structure in [1], there are three options for SCH timing detection methods: cross-correlation based detection (SCH replica-based detection), auto-correlation based detection, and a hybrid of the two methods. It depends on the specification.

Step 2: Radio frame timing detection

In the next step of the SCH-symbol timing detection, the radio frame timing must be detected when this is not directly given by the SCH timing, i.e., if the SCH is transmitted more than once every radio frame.

Step 3: Frame number alignment
After frame timing detection, the counter of eNBs should be aligned, that is BFNi = BFNj. 
There may be several schemes of frame number alignment: SCH based detection, BCH based detection, and reference signal-based detection.

Figure 4 illustrates the frame number alignment after frame timing. In Figure 4 (b), eNB1 has frame timing with the reference eNB. In Figure 4  (c), eNB2 aligns its BFN counter with reference eNB.
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Figure 4 Frame number alignment after frame timing

3.3.1 SCH based module synchronization

In Step 1 and 2, SCH signal can use 256 and 4096 frames markers (see Figure 5). 
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Figure 5 SCH signal with 256 and 4096 frames markers

In SCH signal there are 256 and 4096 frame markers. In this case, there are three types of SCH signals for cell specific reference, if BFN mod 4096 = 0, it uses SCH signal with 4096 marker. If BFN mod 256 = 0 and BFN mod 4096 ≠ 0, it uses SCH signal with 256 marker. For others, it uses other SCH signal.
So the SCH should include the information of frames markers. For example, if it uses the hierarchical SCH, the S-SCH can carry the information of frames markers. If using SCH signal with 256 and 4096 frames markers, the number of frame marker can be represented in 2 bits (0 (others), 1(256 frame marker), 2(4096 frame marker)). One example of SSCH is as in Figure 6.
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Figure 6 One example of SSCH

When 256/4096 frame markers included in SSCH, the eNBs can aligned with 256/4096 frame in two steps after frame timing is synchronized.

3.3.2 BCH based module synchronization

In Rel6, SFN (system frame number) is sent on BCH. In LTE, BFN or SFN (in LTE, BFN = SFN) is also sent on BCH. And the module synchronization can be detected by decoding the BCH.

3.3.3 Reference signal-based module synchronization

The frame marker information is detected by the reference signal waveform (modulation pattern). This method is FFS.
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