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1. Background
When deploying MIMO with two transmit antennas, supporting legacy devices by means of transmit diversity seems to be a natural approach. However, lately there has been some focus on the performance of open loop transmit diversity, STTD, deployments in real networks. There have been concerns with the performance in STTD mode for non-MIMO UEs [1]

 REF _Ref244418221 \r \h 
[2]. An alternative way to deploy MIMO is to utilize the option of having an S-CPICH as a phase reference for the second antenna. In this case, legacy channels would be transmitted from the first antenna alone. This alternative has been proposed as the reference configuration for MIMO cells according to the current specification [3].

One drawback with such a solution is that, if separate power amplifiers (PA) are used for the two transmit antennas, the total power resource is not utilized to its full extent. Non-MIMO traffic will only utilize half of the available power, while MIMO traffic will utilize the total installed power resource. One way to overcome this problem would be to use a power balancing network (a.k.a. Butler matrices) and place the PA in beam-space as depicted in Figure 1 below. In this way both power amplifiers will be fully utilized even for signals only transmitted from the first antenna.

[image: image1]
Figure 1: Example of installation with power balancing Butler matrices.

2. Discussion
The MIMO transmitter itself also contains a power balancing network, the MIMO precoder, that would be applied before the Butler matrix used for power balancing of legacy channels, see Figure 2 below. 

[image: image2]
Figure 2: Example of MIMO installation with power balancing for legacy channels.

The power balancing network can be implemented in many ways. In principle, any unitary transform can be used, but as will be shown here some implementations may have certain drawbacks. 
Let us assume that the power balancing matrix, B, is chosen as
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and where W is the MIMO precoder with (k= exp(i(2k+1)(/4), with k=0, 1, 2, 3, as specified in TS 25.214 chapter 9. (The normalization with 1/(2 is dropped for increased readability).
It can be shown that for MIMO UEs the load on the PAs will be equal if a dual-stream transmission occurs. For a single stream MIMO transmission however, this will in general not be the case. Assuming that the four possible precoder vectors are given by wk it is can be seen that the power amplifier load will vary with precoder index k. In this particular example the load will be the same for k=0 and 3, while for k=1 and 2 only one of the amplifiers will be active and the power utilization is then poor:
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(balanced)
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(not balanced)
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(not balanced)
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(balanced)
It can be noted that choosing e.g. the DFT matrix [1 1;-1 1] as a power balancing matrix, B, would result in unequal PA load for all available single-stream precoder vectors. In fact, it can be shown that there will be a 7.65dB difference for all k=0, 1, 2, 3:
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(~7.65 dB imbalance)
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(~7.65 dB imbalance)
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(~7.65 dB imbalance)
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(~7.65 dB imbalance)
To overcome this problem of power balancing, not only a suitable Butler matrix is needed, but also the network will be constrained when it comes to scheduling. Only single stream precoders leading to power balancing can be used if the power balance should be retained. This restriction can be implemented in NodeB but this would mean that the NodeB doesn’t take the recommended precoder vector (PCI) into account. Furthermore, since the UE has derived the CQI under the assumption that the recommended PCI is used, scheduler decisions based on this CQI may result in degraded performance. However, this problem could be reduced if the UE was aware of which precoders that give rise to the power imbalance and performs the appropriate restriction. Note that in LTE there exists a possibility for “codebook subset restriction” [4] that can be used to narrow the effective codebook. By introducing this functionality also for HSDPA MIMO, it would be possible for the network to restrict the UE from using certain precoder vectors, and hence avoid the problem of unbalanced PA load.
3. Numerical example

To illustrate the potential problem with power imbalance and precoder restriction, we provide some system simulation results. The Butler matrix B given above is used to balance the PA load. Some simulation parameters are listed in Table 1. Figure 3 below shows the resulting throughput for 3 different cases. 

Table 1: System simulation parameters

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 21 cells (7 sites with 3 sectors), with wrap-around

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation: 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation: 1.0
Correlation Distance: 50m 

	Max BS Antenna Gain
	14 dBi 

	Channel Model
	SCM Suburban Macro

	CPICH Ec/Ior
	-10 dB for P-CPICH
-10 dB for S-CPICH

	HS-DSCH 
	Up to 15 SF16 codes for HS-PDSCH

	HS-DPCCH 
	CQI quantization is modeled

Error-free PCI, CQI and ACK decoding

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	UE capabilities
	15 SF16 codes capable per carrier

	UE Receiver Type
	Type 3

	Maximum Cell 

Transmit Power
	43 dBm 

	Traffic model and Scheduler
	Full buffer, Proportional Fair scheduler

	Number of UEs per cell
	0.06,  0.40,  2.30
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Figure 3: System simulation results.

The curve “Optimal” shows the performance that could be obtained if perfect power balancing is achieved with all 4 possible weight vectors available in the codebook. Note that this can not be achieved in practice when a fixed precoder is used. The two other curves indicate the performance of the case when the weights are restricted to a set giving power balancing and the case when all four weights are used and hence imbalance in power occurs. The resulting portion of single-stream transmissions were approximately 17, 23 and 32 percent respectively for the 3 different scenarios numbers of UEs per cell. The performance improvement from the weight restriction would be more significant in a scenario where single-stream transmissions are more dominant, e.g. in a scenario with a larger inter-site distance as can be seen in [5].
4. Conclusions
To fully utilize the total installed PA resource in the case when MIMO is deployed using an S-CPICH for the second antenna, a power balancing network can be used. In this case it is found that the power may still be unbalanced for certain precoder vectors at single stream transmission for MIMO UEs. To overcome this, the network scheduler can use only precoders that keep the power balanced. However, this would mean that a non-optimal weight is used and hence would lead to some performance degradation.
To solve this problem it is proposed to include a “codebook subset restriction” similar to what exists in LTE also for HSDPA MIMO. In this way the network can restrict the UE from reporting precoder vectors that give rise to unequal power utilization between the two branches.
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