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1 Introduction
At the last meeting in Athens, some high level principles of MIMO for E-MBMS in E-UTRA were discussed and included into TR 25.814 [1]. These are principles that the design of multi-antenna schemes for E-MBMS should consider. Particularly, we identify that 
· Schemes must be open loop

· One and two codeword solutions should be considered

· Transmission of MBMS signal from NodeB’s with more than two antennas should be transparent to the UE

· Transmit diversity may be used when the number of SFN cells is low or one (single-cell MBMS)
Based on these principles, some specific schemes for MBMS are suggested in this document for further evaluation and a text proposal is suggested to include these in the technical report. Some schemes for multiple antenna MBMS has already been proposed, such as spatial multiplexing (or HBLAST) [4][6], cyclic delay diversity [5] and Double-TxD [4]. This contribution gives an overview of what schemes can be used for MBMS.
2 Multiple antenna schemes for MBMS in E-UTRA
Depending on the UE capabilities, MBMS service requirements, channel support for MIMO, number of participating NodeB’s in the MBMS service, etc. It is desirable if the MBMS channel for a particular MBMS service could be set up as a spatial rate 1 or a spatial rate 2 mode. When spatial rate 1 is used, a single codeword is transmitted and the multiple transmit antennas are utilized by transmit diversity. This mode could be particularly desirable to use in single-cell MBMS or/and when the MBMS service subscribers have a single receive antenna or only single stream reception capability and/or if simply the MBMS service content has low throughput requirements. Spatial rate 1 is also desirable in line of sight conditions when the channel is not suitable for spatial stream multiplexing. 

Spatial rate 2 is used (i.e. spatial multiplexing) for high end UEs with multiple stream reception capabilities when the signal to interference ratio is high due to SFN combing of signal from many Node B’s [6] and when the MBMS service content require high throughput. In this case two code words with individual CRC are transmitted. The use of two code words enables the use of serial interference cancellation.

As a starting point, we assume that the multiple antenna MBMS channel have two orthogonal cell-common reference signals. Therefore, if there are four antenna NodeB’s in the network, they have to emulate a two antenna Node B transmission by diversity encoding of the reference signals as well, to make transmission from the additional antennas transparent to the UE. We discuss the use of four cell-common reference signals in Section 2.3.  

2.1 MBMS mode with Spatial Rate 1 

When a spatial rate 1 MBMS service is used, the UE always assumes a space frequency block coded (SFBC) transmission because it provides the maximum frequency diversity gains for two transmit antennas and  can be easily arranged in one OFDM symbol. 
The two antenna Node B’s transmit the MBMS data stream 
[image: image1.wmf][

]

(

)

2

1

s

s

 on antenna 1 with cell-common reference signals for antenna 1 and on antenna 2 it transmits the SFBC encoded complement
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, using cell-common reference signals for antenna 2. 

Furthermore, Node B’s with four antennas use the generalization of Cyclic Shift Diversity denoted Phase shift diversity (PSD), see [2], combined with SFBC encoding. In this case, the cell-common reference signals are also PSD encoded as data, so as seen from the perspective of channel estimation in the UE’s, it appear to exist only two transmitter antennas. In this way transparency is obtained.
In addition, single antenna Node B’s could contribute to the multi-cell MBMS transmission by transmitting either one of the two antenna NodeB’s antenna signals, hence, the “normal” MBMS data 
[image: image3.wmf][

]

(

)

2

1

s

s

 with cell-common reference signal for antenna 1 or the SFBC encoded version of the same data, that is 
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, and cell-common reference signal 2.

Note that with this arrangement, the single or multiple receive antenna UEs can receive the Spatial rate 1 MBMS channel, combined “in the air” transmitted from NodeB’s with one, two or four antennas, without knowledge of the actual number of transmit antennas. Therefore, NodeB’s with one, two and four transmit antennas could be mixed in the same SFN network, transmitting MBMS data synchronized in time and content. 
2.2 MBMS mode with Spatial Rate 2

With spatial rate 2 transmissions, the UE receiver always assume a spatial multiplexing transmission if two cell-common reference signals are used. Hence, low end UE’s with only single codeword reception capability can not receive a MBMS service transmitted with spatial rate 2. 
The two antenna NodeBs transmit the two code words from antenna 1 and 2 respectively with cell common reference signal 1 and 2. This is called spatial multiplexing (SM), equivalent to the HBLAST mode in [4]

 REF _Ref133652745 \r \h 
[6]. The four antenna NodeBs transmit the same code words but each codeword is transmitted over two antennas and PSD (or equivalently cyclic shift diversity) encoded. This is denoted the combined SM and PSD mode (SM+PSD). In this case, the reference signals are also PSD encoded so from the UE perspective it appears as all Node B’s have two transmitter antennas.  
Also in this case can single antenna NodeB’s contribute in a multi-cell MBMS network by transmitting one of the two codewords using the corresponding cell-common reference signal.

2.3 Using four cell-common reference signals for MBMS

For a network using NodeB’s with four transmitter antennas, it could be interesting to study the case of four cell-common reference signals used for MBMS (which is FFS). In this case, the Double-SFBC [2],[4] can be used in the spatial rate 2 mode to combine spatial multiplexing and transmit diversity. In Double SFBC, one codeword is transmitted over antenna 1 and 2 using SFBC encoding and the second codeword is transmitted over antenna 3 and 4 also using SFBC encoding. Each transmit antenna has its own cell-common reference signal in this case. 
The two antenna NodeB’s can in this case transmit the two signals that four antenna NodeB’s transmits from antenna 1 and 3, including cell-common reference signal 1 and 3 respectively.  This gives the transparency to the UE in the number of NodeB antennas.  

Similarly, single antenna NodeB’s can transmit the signal corresponding to one of the four cell-common reference signals. 
3 Summary and open issues
The high-level principles for multiple antenna MBMS in [1] are fulfilled by the schemes presented in the summarizing Table 1. Note that with the proposed schemes, all NodeB’s, irrespectively of number of transmit antennas can contribute to the gain of multi-cell operation of MBMS. The data to transmit on each antenna is defined through the choice of cell-common reference signal for this antenna. Also, by using the spatial rate 1 mode, UE’s with single receive antenna capability can also receive the MBMS channel. However, spatial rate 2 is reserved for high end UE’s with dual codeword reception capabilities.
Table 1 Multiple antenna MBMS schemes. SFBC is Space Frequency Block Code, D-SFBC is Double-SFBC, SM is Spatial Multiplexing and SFBC+PSD is the combination of SFBC and phase shift diversity, see [2]
	Number of NodeB transmit antennas
	

	
	1
	2
	4
	Receiver

	Spatial rate
	1
	SFBC

(one antenna)
	SFBC
	SFBC + PSD
	SFBC

	
	2
	SM 

(one stream)
	SM
	SM+PSD
	SM

	
	
	
	
	D-SFBC*
	D-SFBC*







* Assuming 4 cell-common reference signals for MBMS
One topic that needs to be evaluated is whether there are gains of using four cell-common reference signals for networks with four antennas NodeB’s. This lead to more overhead, but gives benefits in performance, which can be important to edge users of the multi-cell MBMS coverage area. And since MBMS throughput is dictated by the SIR of the worst subscribing user, four cell-common reference signals may give performance gains despite the overhead. 
Here follows a text proposal for including this summary into the technical report 25.814.
4 Text proposal TR25.814, Section 7.1.1.4.3

-------------------------------------------  Start of text proposal  -------------------------------------------

7.1.1.4.3
High level principles of MIMO for E-MBMS
The MIMO transmission for the broadcast traffic should be discussed noting that 

· in E-MBMS, there will be a single or multiple transmitting Node B’s and multiple receiving UEs
· feedback signaling from the UE may not be feasible.
In the absence of any feedback from the UEs in E-MBMS, the potential candidates for MIMO are either an open-loop transmit diversity scheme, an open-loop spatial multiplexing approach or a hybrid combination of both. Any form of additional transmit diversity is not expected to bring any significant benefit if the number of SFN cells is large enough, because E-MBMS already enjoys from frequency-diversity due to delayed signals received from multiple cells. However, E-MBMS service becomes bandwidth limited in an SFN operation and therefore spatial-multiplexing techniques become attractive.  Moreover, the received signal from multiple cells sees increasing decorrelation in an E-MBMS environment which also favors spatial-multiplexing. 

Both single code word and multi-code word spatial multiplexing schemes are considered in the study item phase. In case of multi-code word spatial multiplexing, dynamic adaptation of modulation and coding etc. for each code word is not possible due to absence of channel quality feedback. However, different code words can potentially use different modulation and coding and/or power offsets etc. in a semi-static fashion in order to enable efficient interference cancellation at the UE receiver. Since the baseline UE has only two antennas, the number of broadcast codewords are limited to two. E-MBMS for UE’s limited to single codeword reception capability should be further considered. E-MBMS signals from Node B's with more than two transmit antennas should be transparent to the UE.
Due to different UE capabilities, MBMS service throughput requirements, channel support for MIMO and the number of participating NodeB’s in the SFN there is a need for two multiple antenna transmission modes for MBMS. These are defined as the Spatial rate 1 and the Spatial rate 2 modes. Spatial rate 1 mode transmission is characterized by


· Transmit diversity using SFBC or PSD for two antenna Node B’s

· Combined SFBC and PSD for four antenna Node B’s

Spatial rate 2 transmission is characterized by

· Spatial multiplexing (SM) for two antenna Node B’s

· Double-SFBC or combined SM+PSD for four antenna Node B’s
The multiple antenna MBMS performance using two and four orthogonal cell-common reference signals should be evaluated and compared in terms of performance and reference signal overhead. If two orthogonal patterns are used, the four antenna NodeB also PSD encode the reference signals to make the additional antenna signals from these NodeB’s transparent to the UE. 
--------------------------------------------- End of text proposal  ---------------------------------------------
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