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1. Introduction
As we have known, on mixed carrier, the MBMS TTIs are time-multiplexed with unicast TTIs [1]. To enable SFN operation and proper SFN channel estimation, the MBSFN sub-frame should carry reference symbols that are common to all cells within the SFN area. In this contribution, the baseline reference signal structure for LTE TDD MBSFN transmissions for 15 kHz sub-carrier spacing is investigated. The paper presents our consideration on mixed carrier multi-cell MBSFN for LTE TDD scenario.

2. Reference signals structure for Alternative TDD MBSFN with 15 kHz sub-carrier spacing 
In our consideration, in the sub-frame which allocated for MBMS data, the RS for unicast may be reserved but need not assign two symbols for one antenna in one sub-frame as allocated in the unicast sub-frame since all data except for the first one or two symbols are MBSFN business. Placing RS for unicast on the first one or two OFDM symbols (corresponding using two or four antennas for transmission of control signal) is enough for control channel estimation. However, In order to demodulate MBMS data, some MBSFN RS should be additionally added.

We propose the following MBSFN reference signal pattern for LTE alternative TDD as shown in figure 1.
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Figure 1.  reference signal structure for LTE alternative TDD MBSFN with 15 kHz sub-carrier
In figure 1, using 4 transmit antennas for unicast control channel is assumed. In fact, we can further prescribe using two antennas for unicast control channel with one certain transmission diversity pattern, thus the overhead can be further reduced. MBSFN reference signals are placed on the both 3rd and 7th OFDM symbols in one MBSFN sub-frame (0.675ms)。
The reasons for this MBSFN RS pattern are:

From the frequency viewpoint, under the scenario of MBSFN, several Node Bs sent the same data (including RS), there exists plenty of multi-path signals, so in the frequency domain, selective fading is more serious than in the unicast scenario. Therefore, more RS are needed (one RS every 2 sub-carriers in Figure 1) in the frequency domain.

In time domain, considering there may have several consecutive sub-frames used for MBSFN in the downlink, and in order to ensure uniform RS distribution in time domain for convenient channel estimation, MBSFN reference signals are placed on the both 3rd and 7th OFDM symbols in one MBSFN sub-frame (0.675ms).

About this pattern we have another consideration, that is, we think that in the MBSFN sub-frame, the common RS for unicast will also be sent, which can facilitate measurement, handover and channel  estimation for unicast. Some companies also have the same viewpoint in FDD MBSFN sub-frames [2][3].

The RS overhead corresponding RS structure we proposed is given in Table 1 below.
Table 1 overhead of  reference signal structure in MBSFN sub-frame

	#Antenna for unicast
	RS overhead [%]

	2
	16.7%

	4
	20.8%


3. Conclusion

In this contribution, we introduce a reference signal pattern for LTE alternative TDD MBSFN with 15kHz sub-carrier. Based-on the above discussion, we propose that the reference signal pattern we suggest ed should be included in the specification. And in order to mitigate the total RS overhead, we propose that 2 antennas are used for unicast data in the MBSFN sub-frame. 
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