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1 Introduction
During 3GPP RAN1 #57, transmit diversity schemes for LTE advanced (LTE-A) systems with up to 8 base station transmit antennas were discussed. It was agreed that the existing transmit diversity scheme specified in LTE Rel-8 will be reused in normal subframes using antenna virtualization. This is because the additional gain achievable by increasing spatial diversity order is marginal, and the cost of additional demodulation reference signals required for DRS based TxD scheme is not well motivated.
On the other hand, it remains an open issue whether a transmit diversity scheme should be introduced for LTE-A UEs in MBSFN subframes. MBSFN subframes are the resources reserved for PMCH in LTE Rel-8 and LTE Rel-8 UEs are not supposed to monitor MBSFN subframes either for receiving unicast traffic or for channel estimation. Hence, MBSFN subframes can be used as optimized resources for LTE-A UEs.
Following 3 alternatives were identified for transmit diversity in MBSFN subframes [1]:

· Alternative 1: no transmit diversity transmission
· Alternative 2: Rel-8 transmit diversity with dedicated RS
· Alternative 3:Rel-8 transmit diversity with Rel-8 common RS in control region only
Transmit diversity schemes typically does not require accurate subband CQI report, and is suitable for delay sensitive and small-sized traffics such as control signalling, VoIP, etc. In LTE Rel-8, all the physical layer control channels adopt transmit diversity as the only multi-antenna transmission scheme and it has been assumed that transmit diversity is a default scheme for fallback operations and VoIP.
In this contribution, we will discuss about the problem which will occur when no transmit diversity scheme is supported in MBSFN subframes and present evaluation results to compare between alternatives 2 and 3.
2 Discussions on alternative 1
MBSFN subframes can be used as LTE-A only subframes since they avoid the overhead of the common reference signals in the PDSCH region. Let’s assume the situation where LTE-A market is sufficiently mature so there are a quite large number of LTE-A users. If LTE-A does not specify a transmit diversity scheme in MBSFN subframes (alternative 1) and VoIP is the dominant service of LTE-A UEs, then we will face a dilemma as follows:

· To allow TxD schemes for VoIP traffic, we may need to assign normal subframes as many as possible. This is to increase the chances of LTE-A VoIP users  being scheduled on normal subframes to take advantage of transmit diversity scheme assuming  other multi-antenna schemes are less  suitable for VoIP traffic. This assumption is valid in general since VoIP traffics are delay sensitive and their packet size is small and almost static.
· On the other hand, to optimize the frame structure for LTE-A, we may need to assign MBSFN suframes as many as possible. This will mean more VoIP packets will be assigned in MBSFN subframes, which means higher transmission power or reduced VoIP capacity to compensate for the fact that other MIMO schemes have to be sued for VoIP packets, and that these MIMO schemes will likely have worse link performance compared to TxD schems. 

In LTE systems, the fallback mode was supported to ensure that a UE will not lose the connection with the serving eNB in any abnormal case. For example, if a UE in the transmission mode using closed-loop spatial multiplexing experiences worse channel condition than when the mode is configured, it is not efficient to keep the transmission scheme of closed-loop spatial multiplexing. In this case, the eNB will try to change the transmission mode by sending an RRC signalling to the UE. However, in case where it is impossible to reliably transmit the RRC signalling with closed-loop spatial multiplexing due to the changed channel condition, the eNB will use the transmit diversity scheme allowed in the fallback operation. Since the transmit diversity scheme is the most robust scheme among the transmission schemes defined in LTE Rel.8, the fallback operation guarantees reliable connection with the serving cell during the  RRC re-configuration phase.
It was also discussed in previous meetings that there might be a problem in the fallback operation when transmit diversity is not supported in MBSFN subframes. A counter argument against this concern was the scheduler can wait for normal subframes for fallback operations. However, it is apparent that fallback downlink transmissions only in normal subframes lead to scheduling constraint and if there are many VoIP users, they will harm the VoIP capacity.
To ensure the proper support of VoIP and fallback modes, we propose to introduce a transmit diversity scheme in MBSFN subframes.
3 Discussions on alternatives 2 and 3

As discussed above, it will be definitely helpful in improving VoIP capacity and avoiding the scheduling constraint to have transmit diversity in MBSFN subframes. On the other hand, it should also be considered that a new transmit diversity scheme leads to UE complexity. Therefore, it is recommended to reuse the existing transmit diversity scheme for MBSFN subframes. Alternatives 2 and 3 were discussed as candidate solutions during 3GPP RAN1 #57.
Alternative 2 is expected to promise the best performance of transmit diversity while it requires 2 sets of reference signals for demodulations even though the transmit diversity scheme is for rank-1 transmissions. However, this alternative will not increase the computation complexity in demodulation and channel estimation at the UE side since LTE-A UEs should already have the channel estimator for such reference signals and will reuse the receiver structure for Rel-8 transmit diversity schemes.
Alternative 3 does not require any reference signals in the PDSCH region since demodulation reference will be provided by Rel-8 common reference signals located in the control region. However, channel estimation performance using those reference signals will not be sufficiently accurate to demodulate PDSCH using transmit diversity in a high speed case since there is no reference signals in the PDSCH region. 

Therefore, performance comparison between alternatives 2 and 3 is needed. Table 1 lists the simulation parameters used in the following performance comparison and we assumed the pattern of the dedicated reference signals in [3] for the evaluations of alternative 2. Since alternative 3 suffers from lack of reference signals, time-domain interpolation between 2 consecutive subframes is applied to improve the channel estimation performance. The user speeds of 3km/h and 60km/h are assumed in this evaluation study. Some REs are reserved for the dedicated reference signals in alternative 2 while they are all used for PDSCH transmissions on alternative 3, i.e. higher channel code rates are applied to alternative 2 than alternative 3. For case 1, alternatives 2 and 3 use the code rates of 1/2 and 11/24, respectively. For case 2, alternatives 2 and 3 use the code rates of 2/3 and 11/18, respectively. 
Table 1. Simulation parameters

	Parameters
	Values

	Number of transmit antennas at the eNB
	2

	Number of receive antennas at the UE
	2

	Channel model
	Uncorrelated TU 6 channel,
{3 km/h, 30km/h, 120km/h}

	Channel estimator
	Alternative 2: 2D MMSE

Alternative 3: DFT-based

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Allocated resource
	2 contiguous RBs

	Transmit diversity scheme
	SFBC

	Modulation scheme
	QPSK

	Code rates
	Alternative 2: 1/2(case 1), 2/3 (case 2)

Alternative 3: 11/24 (case 1), 11/18 (case 2)
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(a) UE speed: 3km/h
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(b) UE speed: 30km/h
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(c) UE speed: 120km/h
Figure 1. BLER performance comparison for case 1
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(a) UE speed: 3km/h
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(b) UE speed: 30km/h
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(c) UE speed: 120km/h

Figure 2. BLER performance comparison for case 2

Figures 1 and 2 show the BLER performance results for cases 1 and 2, respectively. It is observed that alternatives 2 and 3 show similar performance for 3km/h and 30km/h UE speeds while alternative 2 outperforms alternative 3 for both cases for 120km/h UE speed. This is because the CRS in the control region cannot capture the fast varying channel responses. From the observations, we recommend to use alternative 2 for the transmit diversity scheme in MBSFN subframes.
4 Conclusions
In this contribution, we discussed the potential problems of the alternatives identified as solutions for transmit diversity in MBSFN subframes. Based on the observations, we propose to introduce Rel-8 transmit diversity with dedicated reference signals (alternative 2) as the transmit diversity scheme for MBSFN subframes. 
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