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1. Introduction
In R8 of 3GPP LTE, E-MBMS has typically been deployed by two scenarios, i.e., single-cell and multiple cells MBSFN transmission. With the evolution of LTE to LTE-A (LTE-Advanced), further enhanced E-MBMS is required from the conclusion of last Warsaw meeting and there are already some proposals on this topic [1]-[4]. 

For the single-cell E-MBMS transmission, some advanced physical layer technologies, e.g., HARQ, link adaptation and some multi-antenna techniques, e.g., beam-forming or MIMO etc. could be used to improve the receiving performance of those interested E-MBMS users with some feedbacks over air interface from terminals to e-NB. 

It is well known that beam-forming is an advanced closed-loop MIMO technology to improve coverage and cell edge users’ throughput [5]-[8]. In this contribution, various possibly beam-forming schemes for single-cell E-MBMS transmission have been discussed. Those schemes could be mainly classified into as: 

· With HARQ:

1) A “hybrid scheme” is proposed and it is the combination of open-loop transmit diversity, beam-forming and HARQ. 

· Without HARQ: 

1) “DoA based beam-forming” is proposed and it can be seemed as downlink beam-forming based on uplink estimation.

2) “GoB based beam-forming” is proposed and it can be seemed as downlink beam-forming based on uplink feedback. 

Finally, various beam-forming schemes are compared via system-level simulation and corresponding conclusions are arrived. 

2. Main drawbacks of those existing schemes for single-cell E-MBMS
There are two main kinds of multi-antenna operations for single-cell E-MBMS transmission. One is transmit diversity based scheme with/without HARQ and the other is beam-forming using max-min principle. 

The main drawbacks of above existing schemes for single-cell E-MBMS transmission are summarized as follows. 

1) For transmit diversity, it is not efficient from the perspective of transmission power utilization since its antenna pattern does not consider the locations of user or user groups even if under 3-sector. In other words, its transmission power is radiated in omni-directional or 3-sector manner. 
2) For beam-forming using max-min principle, the receiving performance of that worst-case user may be largely improved but at the cost of deterioration of other users’ performance. This is since all interested E-MBMS users share the same physical time-frequency resources thus other users may locate within side-lobe when the narrow main beam is aimed at that worst-case user. It is clearly not optimum from the view of average system performance improvement. 
3) Under both cases, e.g., for transmit diversity when HARQ is used and for max-min beam-forming, how to determine which one is worst-case user, both need all users to feed back some channel information, e.g., short-term channel state information or long-term channel correlation matrices information etc. to e-NB. Thus, uplink signaling is overloaded. 
In this contribution, various possibly beam-forming schemes are proposed and tried to overcome the above drawbacks. 

3. Enhanced schemes for single-cell E-MBMS
Our proposed enhanced schemes for single-cell E-MBMS could be classified into two kinds based on with/without HARQ. 

In virtue of HARQ, a “hybrid scheme” is proposed and it can be seemed as the combination of open-loop transmit diversity, beam-forming and HARQ. 

Not using HARQ, there are two typical kinds of beam-forming operation in LTE. One is downlink beam-forming based on uplink estimation, here,  a “DoA based beam-forming” is proposed for single-cell E-MBMS and the other is downlink beam-forming based on uplink feedback, here, a “GoB based beam-forming” is proposed. 

3.1. Hybrid scheme for single-cell E-MBMS (with HARQ)

For that existing SFBC with HARQ under 2 transmit antennas, users feedback NACK to e-NB once detecting wrong packets and e-NB re-transmit those packets. Some users, e.g., locating at cell edge or in deep fading could not recover received packets even after HARQ combining due to possibly high BLER. Some users, e.g., near to cell center or in good receiving condition, their receiving performance, e.g., BLER have satisfied target thus need not any HARQ combining. Under both cases, large re-transmission probabilities and thus low system throughputs are resulted from those unnecessary NACK feedbacks. 

In order to overcome above drawback, one dual-threshold mechanism or in other words, conditional uplink signaling feedback trigger mechanism is designed. Some long-term measurement parameters, e.g., average SINR etc. should be pre-signaled to all interested E-MBMS users. At receivers, only those users whose measured values are within thresholds should need feedback. 

It is different with previous still SFBC operation during re-transmission that beam-forming is exploited here to aim at that worst-case user among those signaled back users. In other words, beam-forming is just used during re-transmission and aimed at those un-satisfied target users. 

From above description, the hybrid scheme is the combination of open-loop transmit diversity, beam-forming and HARQ. Multi-antenna configuration for hybrid scheme is showed in Figure 1. Here 4 transmit antennas with equal spacing, i.e., half wavelength are depicted. It is similar for 8 transmit antennas. 
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Figure 1: Antenna configuration for initial and re-transmission under 4 transmit antennas

The main algorithm procedure for the hybrid scheme is described as follows: 
(1) For the initial transmission, full rate orthogonal SFBC is used. Those antennas with red color in Figure 1 are selected out for the initial transmission. 

(2) Dual SINR thresholds are pre-signaled by e-NB to all interested E-MBMS users. 
(3) At receivers, only those users whose decoded post-SINRs are within thresholds need to signal back to e-NB. 

(4) At e-NB, use all receive antennas to estimate DoAs of those signalled back users. 

(5) During re-transmission, i.e., HARQ process, use DoA based beam-forming to aim at that worst-case user among those signalled back users. Beam-forming is operated on all transmit antennas. Other beam-forming algorithms are not excluded. 

(6) Once maximum re-transmission number is arrived or there are not any users within thresholds, transmit new E-MBMS content. 
Main advantages of this hybrid scheme are summarized as: 

i. For initial transmission, impact of spatial correlation on transmit diversity is efficiently decreased due to larger antenna spacing from Figure 1. 
ii. Uplink signaling overhead may be largely decreased due to dual pre-determined thresholds. 
iii. Beam-forming is just used during re-transmission, i.e., HARQ process and it may largely improve system average performance. 
3.2. GoA based beam-forming for single-cell E-MBMS (without HARQ)
Due to uniform and random distribution of users within one cell, it is a better choice if multiple implicit beams could be formed and aimed at those users or possible user groups as shown in Figure 2. Thus a composite beam-forming scheme based on user grouping using DoA information obtained from long-term uplink estimation is proposed. 
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Figure 2: DoA based beam-forming

The main algorithm procedure for the DoA based beam-forming is described as follows: 
(1) DoAs of all e.g., K E-MBMS users can be firstly obtained through long-term uplink estimation.

(2) Total K independent beam-forming weight coefficients, i.e., w1,…,wK can be derived using, e.g., FFT algorithm.

(3) If K is small, the next updating beam-forming weight is directly composed from wc = Σwi, i = 1,…,K. 

(4) When K is large, user grouping is considered. Assume still K groups. Those users with similar DoAs should be put into one user group as possible. How to determine the beam direction if one user group has more than one user? There are possible two methods. One is the beam is aimed at that worst-case user within that group and the other is to point at any random user. For the former, all users within that group need feed back their decoded post-SINRs to e-NB otherwise the worst-case user could not be selected out. Here, the second method is preferred since on the one hand, need not any feedbacks, on the other hand, performance loss resulted from random selection is negligible since all users within that group have similar DoAs. The next updating beam-forming weight is still composed from wc = Σwi, i = 1,…,K, K denotes number of user groups. 

Main advantages of DoA based beam-forming are summarized as: 

i. Does not need any uplink feedbacks.
ii. It is more efficient from the perspective of power saving since total transmission power is only radiated at those directions with users or user groups located in virtue of multiple implicit beams formed at e-NB. 
3.3. GoB based beam-forming for single-cell E-MBMS (without HARQ)
The GoB based beam-forming has been introduced for unicast in WINNER project [9]. Here try to push this idea into single-cell E-MBMS transmission. The GoB pattern under 4 transmit antennas as shown in Figure 3 is pre-determined at e-NB and all E-MBMS users. 
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Figure 3: GoB based beam-forming

The main algorithm procedure for the GoB based beam-forming is described as follows: 
(1) Random PMI is selected out from GoB pattern at the beginning. 

(2) At receivers, the optimum PMI is obtained based on, e.g., the maximum average SINR measurement and feedback the selected PMI to e-NB.

(3) At e-NB, all PMIs from all users are classified into, e.g., K groups. Here one PMI corresponds to one user and the same PMI values are put into one group. Thus, the group size denotes the feedback user number. 

(4) Based on user groups at e-NB, the two following policies may be used for the next beam-forming weight updating. 

i. 1st: user group with the most PMI number is selected out and the corresponding PMI is used for the next updating. As a special case, any user group has just one PMI if E-MBMS user number is smaller than or equal to the size of GoB pattern. Under this case, use still max-min beam-forming operation. 

ii. 2nd: total K weights of user groups are composed into one composite weight wc = Σwi. Any weight of one user group is determined from random selection and the resulted performance loss is negligible from above description in section 3.2. 

Main advantages of GoB based beam-forming are summarized as: 

i. Complex DoA estimation in section 3.2 is substituted for simple PMI feedback.
ii. It is still efficient from the perspective of power savings and good performance gain is anticipated.  
3.4. Impacts of various schemes on interface signaling 
Impacts of above various schemes on interface signaling are summarized in Table 1. It includes downlink/uplink signaling needed, common/dedicated RS needed and DoA estimation etc. 

Table 1: Impact of various schemes on interface signalling

	
	Hybrid scheme
	DoA based
	GoB based

	
	
	
	1st
	2nd

	Signalling

needed


	DL
	Dual thresholds 
	i>final BF weight signalled to all UEs without dedicated RS 

ii>none with dedicated RS
	i>selected PMI signalled to all UEs without dedicated RS

ii>none with dedicated RS
	i>final BF weight signalled to all UEs without dedicated RS

ii>none with dedicated RS

	
	UL
	SINR
	Net needed
	optimum PMI and possible SINR especially under small UE number
	optimum PMI

	RS needed
	Common RS
	needed
	needed
	needed

	
	Dedicated RS
	Possible defined
	possibly defined
	possibly defined

	DoA estimation
	needed
	needed
	not needed


From Table 1, dual thresholds, e.g., average SINR values need pre-signal to all users and those users within thresholds need feedback their decoded post-SINR to e-NB for selection of worst-case user under hybrid scheme. Here DoA based beam-forming is used during re-transmission thus need DoA estimation at e-NB. When per user feedbacks its optimum PMI to e-NB, the GoB based beam-forming does not need that complex DoA estimation an more. Therefore, GoB based beam-forming has more attractive characteristic from implementation view compared with DoA based beam-forming.  

4. System simulation scenario and results

In this section, various beam-forming schemes are compared via system-level simulations. For simplification, “BF w HARQ” is used to denote “hybrid scheme”, “DoA based BF” is used to denoted “DoA based beam-forming”. “GoB based BF w max-UEs” and “GoB based BF w comp” are used to denote the 1st and 2nd policy respectively under “GoB based beam-forming”. For reference, “SFBC w HARQ/SFBC wo HARQ” and “BF w max-min” are also proposed in simulations. 

Receivers always use 2 antennas. The 2 transmit antennas are just used for transmit diversity and all enhanced schemes use 4 transmit antennas. In the simulations, use “2x2/4x2” to denote multi-antenna configurations. 

4.1. System simulation parameters 
Case 1 is used in the simulations and other relevant system and link level simulation parameters are given in Table 2.

Table 2: Simulation parameters and assumptions
	Parameters
	Values

	Macro-cell system level simulation baseline parameters

	Cellular layout
	hexagonal grid, 3-sector per cell

	Distance-dependent path loss
	L=128.1 + 37.6log10(R), R in kilometers

	Shadowing correlation between e-NB
	0.5

	Shadowing standard deviation
	8 dB

	Antenna pattern (horizontal)

(For 3-sector cell with fixed antenna patterns)
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	System bandwidth
	10 MHz

	Total e-NB TX power
	46 dBm

	Spatial channel mode
	SCM

	UE number per sector
	6 and 10 UEs

	Macro-cell link level simulation baseline parameters

	Carrier frequency
	2.0 GHz

	Sample frequency
	15.36 MHz

	OFDM symbols per TTI
	12

	FFT size 
	1024

	CP length
	16.67 us

	Modulation and channel coding
	16 QAM, 1/2 turbo

	HARQ
	synchronous and non-adaptive

	Maximum re-transmission number
	3

	System level to link level mapping

	EESM algorithm

	Parameters at e-NB

	Transmit antenna number
	2 and 4

	Antenna spacing
	10 wavelengths for 2 antennas

half wavelength for 4 antennas

	Antenna gain
	14 dBi

	Parameters at UEs

	Receive antenna number
	2

	Antenna spacing
	half wavelength

	Noise figure
	9 dB


In the simulations, all users are assumed to be distributed randomly and uniformly in the whole cell. Neighbor cells’ interferences are not considered. For the HARQ, synchronous and non-adaptive HARQ is operated at e-NB. There are various algorithms to estimate DoAs but ideal DoAs are used in the simulations. Total transmission power keeps constant and is not increased with the increase of transmit antenna number. 

4.2. System simulation results 
In this section, relevant system-level simulation results are presented. They include the performance of “BF w HARQ”, comparisons of “DoA based BF” and “GoB based BF” and which one is preferred under some conditions. 

4.2.1. Performance of “BF w HARQ”
Figure 4 and Figure 5 show the CDF comparisons of effective SINR between “4x2: BF w HARQ” and those existing schemes under 6 and 10 users per sector. The scheme “2x2: SFBC wo HARQ” is basis and it is clearly shown that the working interval of effective SINR are between [-10 0]dB at 90% coverage operation point. Thus the dual SINR thresholds are set to be [-10 -1]dB here and they could be easily semi-statically modified according to the different coverage requirement and MCS configuration. 
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Figure 4: CDF comparisons of effective SINR for “BF w HARQ” and those existing schemes
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Figure 5: CDF comparisons of effective SINR for “BF w HARQ” and those existing schemes

Observed at 90% coverage operation point from Figure 4 and Figure 5, the performance gains of the proposed scheme compared with SFBC are clearly given in Table II.

Table 3: Performance gains of “BF w HARQ”

	UE/per cell
	90% coverage operation point

	
	Compared with “4x2: BF w HARQ”

	
	Average re-transmission number
	Effective SINR gain

	
	2x2: SFBC w HARQ
	Decreased by %
	2x2: SFBC wo HARQ
	Gain by dB

	6 
	 1.22 (1.87)
	34.8%
	-0.8 (-5.13)
	4.33dB

	10 
	 1.68 (2.13)
	21.1%
	-0.95 (-5.13)
	4.18dB


From Table 3 and both figures, the following conclusions can be obtained.

(1) When compared with “2x2: SFBC w HARQ”, the average re-transmission number is largely decreased, e.g., 21.1% and 34.8% under 10 and 6 users per cell respectively. This is since beam-forming is just used during re-transmission process thus system transmission power is more efficient exploited. At a result, re-transmission probability is largely decreased. 
(2) When compared with “2x2: SFBC wo HARQ”, 4dB or so gains have been achieved. It is same due to that the receiving performance of the worst-case user is largely improved in virtue of beam-forming operation during re-transmission but at the same time not incur loss of others, thus, system average SINR is improved.

(3) When compared with “4x2: BF w max-min”, the SINR gain is more clear at 90% coverage operation point.  
4.2.2. Comparisons of “DoA based BF” and “GoB based BF”

Figure 6 and Figure 7 show the CDF comparisons of effective SINR among “4x2: DoA based BF”, both GoB based BF schemes and those existing schemes without HARQ under 6 and 10 users per sector. 
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Figure 6: CDF comparisons of effective SINR for “DoA based BF/GoB based BF” and those existing schemes
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Figure 7: CDF comparisons of effective SINR for “DoA based BF/GoB based BF” and those existing schemes

From Figure 6 and Figure 7, the following conclusions can be obtained.

(1) Under both user number cases, “4x2: BF w max-min” and “4x2: GoB based BF w max-UEs” are always inferior to “2x2: SFBC wo HARQ” but “4x2: DoA based BF” and “4x2: GoB based BF w comp” always outperform it at 90% coverage operation point. For the former both, the receiving performance of that worst-case user or partial users can be greatly improved but at the cost to the deterioration of other users’ due to their locations possibly within the side-lobe. For the latter both, system average performance could be improved in virtue of implicit multiple beams aiming at multiple users or user groups thus the latter both have better system average performance. 

(2) Comparing “4x2: DoA based BF” with “4x2: GoB based BF w comp”, both have similarly same performance at 90% coverage operation point. But for the GoB based beam-forming operation, it has more attractive characteristic due to unnecessaries of complex DoA estimation. 

4.2.3. Which one is preferred? 
Figure 8 and Figure 9 show the CDF comparisons of effective SINR between “4x2: BF w HARQ” and “4x2: GoB based BF w comp” under 6 and 10 users per sector. 
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Figure 8: CDF comparisons of effective SINR for “with HARQ” and “without HARQ”
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Figure 9: CDF comparisons of effective SINR for “with HARQ” and “without HARQ”

From those conclusions in 4.2.1/4.2.2 and those comparisons in Figure 8 and Figure 8, the following conclusions can be easily arrived.  

(1) When HARQ exists for single-cell E-MBMS transmission in LTE-A, “hybrid scheme” is preferred. 

(2) When HARQ does not exist, prefer to use the 2nd policy of GoB based beam-forming operation, i.e., “GoB based BF w comp” scheme. 

5. Conclusions
In this contribution, various enhanced beam-forming schemes have been proposed for single-cell E-MBMS transmission in LTE-A. Performance gains of various enhanced schemes have been verified compared with those existing schemes via system-level simulations. Impacts of various schemes on interface signalling are also analyzed. The following conclusion can be finally arrived. 

· With HARQ: 

Due to 

a) 1st: higher SINR gains compared with “SFBC wo HARQ” and “BF w max-min”, 

b) 2nd: decrease of average re-transmission probability compared with “SFBC w HARQ”, 

Thus, “hybrid scheme” is preferred. 

· Without HARQ:

Due to

a) 1st: always outperforming “SFBC wo HARQ” and “BF w max-min”, 

b) 2nd: similarly same SINR performance but with unnecessaries of complex DoA estimation compared with “DoA based beam-forming”, 

Thus, “GoB based beam-forming w comp” is preferred. 

6. Text Proposal

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

For the single-cell E-MBMS transmission in LTE-A, some advanced physical layer technologies, e.g., HARQ, link adaptation, MIMO and beam-forming etc. should be supported. 

For the beam-forming, two kinds of typical operations should be considered. 

· With HARQ

a) It is more efficient for beam-forming operated during HARQ re-transmission process from the perspective of power saving. 

· Without HARQ

a) Grid-of-beams (GoB) based beam-forming is preferred compared with DoA based beam-forming. 

-----------------------------------End of text proposal-------------------------------------
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