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1 Introduction
In this contribution, we present a candidate technology for LTE-Advanced that efficiently utilizes the DL power resources: superposition of DL unicast and broadcast. In interference-limited scenarios, increasing transmission power does not improve the geometry of the DL unicast signals much. Giving a portion of the power for the unicast signals to the broadcast signals by superimposing broadcast signals upon unicast signals, we may achieve broadcast throughput on top of the unicast throughput. As suggested by the system-level simulation provided in the appendix, despite the power sharing with broadcast signals, the unicast throughput loss is only marginal. 
2 Superposition of DL Unicast and Broadcast
Under the proposed approach, at eNodeB we superimpose the broadcast signal over the unicast traffic, and at each UE, we cancel the broadcast signal before unicast demodulation and decoding. The resource for the broadcast signal is derived from the excess unicast power available in interference limited scenarios, for example, Case I. Thus, the unused power is transformed into useful capacity by superposition coding of unicast and broadcast signals. The superposition at eNodeB and interference cancellation operation at a UE is illustrated in Figure 2 and Figure 3 respectively.
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Figure 2: Broadcast/Unicast Superposition at eNodeB
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Figure 3: E-MBS/Unicast Interference Cancellation at a UE
We first demonstrate that excess power is available at the base station carrying only unicast traffic and operating in interference limited situation. The Geometry or SINR for unicast traffic can simply be written as,


[image: image3.wmf],

0

N

P

f

P

SINR

i

i

unicast

+

=

å


where 
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 represents the ratio between the desired signal power and the interference signal power from another cell, or cell 
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.  In an interference limited situation, as is the case for most cellular micro-cell deployments, we have  
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, especially for cell-edge UEs.  Therefore, increasing power P does not help in improving 
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However, in the case of broadcast traffic, the signals received from multiple synchronized base stations are combined in the air as long as the relative delays of the received signals are within the OFDM symbol cyclic prefix length. Therefore, there is no interference when the same broadcast content is transmitted system-wide apart from the background noise. The average SINR in an OFDM-based broadcast approach is then given as,
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Thus, increasing transmit power results in linear increase (within practical receiver limits) of 
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The broadcast and unicast geometry for various values of base station transmit power are shown in Figure 4 for an interference limited situation with 2 Km cell-site to cell-site distance without assuming any additional path loss. It can be observed that increasing transmit power does not change the unicast geometry. However, increasing transmit power for broadcast traffic result in linear increase in broadcast geometry. The above discussion indicates that the overall system spectral efficiency can be improved if broadcast and unicast traffic are transmitted simultaneously and power is shared between the two traffic types. The power allocated to the unicast traffic can be lowered without affecting the unicast SINR. The additional available power can then be allocated to broadcast traffic.  The broadcast/unicast superposition and interference cancellation approach can be viewed in two different ways:

· The broadcast signal is transmitted over the unicast resources without affecting unicast performance while allowing for additional “free” capacity for broadcast as illustrated in Figure 5.

· As depicted in Figure 6, we can transmit additional unicast traffic in parallel with broadcast on resources reserved for broadcast. Significant unicast capacity advantage can be obtained with little or negligible reduction in broadcast capacity.  
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Figure 4: Unicast and Broadcast Geometry for various BS transmit powers
The broadcast superposition and interference cancellation approach allows to trade-off power allocation between unicast and broadcast traffic for certain performance and capacity targets. A similar power allocation strategy is also possible when broadcast and unicast traffic are frequency multiplexed using OFDM. However, in this case, the frequency resource needs to be shared between broadcast and unicast traffic as well. However, in the proposed approach full frequency resource is available to both broadcast and unicast.

It should be noted that UEs receiving only broadcast traffic need not be aware of the underlying unicast traffic because broadcast simply assumes unicast transmission as background interference. Also, unicast traffic can be transmitted in parallel with broadcast on a separate broadcast carrier if such an approach is employed. This scheme provides flexibility to schedule only such UEs with an SIC receiver to receive such superimposed traffic. The UEs that are not equipped with an SIC receiver can be scheduled on resources orthogonal to those used for broadcast traffic. 
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Figure 5: The MBMS signal transmitted over the unicast resources without affecting unicast performance while allowing for additional “free” capacity for MBMS

[image: image12.emf]Full Unicast

Capacity

SFN

MBMS

SFN

MBMS

Unicast Unicast

Cancelled

MBMS

signal

Small reduction

in MBMS

capacity

Total

Node-B

Power


Figure 6: Additional unicast traffic transmitted in parallel with MBMS providing significant unicast capacity advantage with little or negligible reduction in MBMS capacity
In the appendix, we present system-level simulation results that show the performance of the superposition of unicast and broadcast.
3 Conclusion
In the interference limited scenarios such as Case I in 25.814, the geometry for unicast transmissions does not improve much as we increase the transmission power of eNodeB’s. By superimposing broadcast signals over unicast signals in such scenarios, we may achieve broadcast throughput as well, spending the same amount of power and resource, without sacrificing the unicast throughput much.
Appendix. System-level simulation results for the superposition of unicast and broadcast

To evaluate the throughput performance of the superposition of unicast and broadcast, a system-level simulation has been conducted. The major parameter for this simulation is summarized in Table 1, where these parameters are in line with Case I in 25.814. For the broadcast transmissions, two-codeword QPSK symbols encoded with rate-2/3 channel code (2.67 bits/sec/Hz) are superimposed on the unicast signals and transmitted by the eNodeB’s.
The unicast sector throughputs achieved with and without superposition of broadcast signals are summarized in Table 2. There, we can see that the unicast throughput loss is marginal, while we achieve broadcast throughput on top of the unicast throughput. Figure 7 shows the fairness curve of the unicast part with and without superposition.
Table 1 Major simulation parameters
	System bandwidth
	10 MHz

	Sub-frame length
	1 msec

	Number of subcarriers
	600

	Subcarrier spacing
	15 kHz

	Carrier frequency
	2.0 GHz

	Speed
	3 km/h

	Pilot and control channel overhead
	29%

	MIMO configuration
	(Tx, Rx) = (2,2), Closed-loop with LTE precoders.

	MIMO receiver
	MMSE-SIC receiver for extracting unicast signals from the superimposed signals with broadcast signals.

MMSE receiver for unicast signals.

	Broadcast to unicast power ratio
	10 dB

	Node-B Tx power
	43 dBm

	Cellular layout
	hexagonal grid, 19 cell sites, 3 cells per site

	Inter-site distance
	500 m

	Minimum distance between UE and cell site
	3 dB

	Distance-dependent path loss
	128.1 + 37.6log10(r)

	Channel model
	TU-6

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5 (inter site) / 1.0 (intra site)

	Number of UEs
	10 UEs per cell

	Unicast HARQ
	IR-ARQ, Synchronous + Adaptive

	Scheduler
	Proportional Fair

	Link-to-system mapping
	EESM


Table 2 Unicast throughput with and without superposition
	
	Superposition
	Unicast without superposition

	Sector Throughput (bits/sec/Hz)
	1.45
	1.51

	5% Throughput (bits/sec/Hz)
	0.0508
	0.0551
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Figure 7 Fairness curve for the unicast part with and without superposition









_1275483738.unknown

_1275483867.unknown

_1275484191.unknown

_1275484243.unknown

_1275483921.unknown

_1275483800.unknown

_1211888768.vsd

_1212239582.vsd

_1275483637.unknown

_1212239449.vsd

_1211888751.vsd

_1211623775.doc

[image: image2.png]CDF

100

il

il

70

60

50

0

0

Eil

10

Geornetry COF

Unicast (W BS Power)
Broadcast (GW BS Power)
Unicast (20W BS Power)
Broadeast (20W BS Power)
Unicast (B0W BS Power)

Broadcast (B0W BS Power)
T

T
Eil
Geornetry (4E)

Eil a0 Eil






[image: image1]
