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1 Introduction
In [1], the PBCH and PDCCH channels can be transmitted using TxD.  As pointed out in other contributions (e.g. [2]), TxD schemes in its current form under-utilise available power due to the nulling of subcarriers.  This can be mitigated by having unequal data power scaling for different antennas and was shown to improve link level performance.
However, for TxD, it is essential that the UE knows the scaling factors to successfully demodulate data.  To this end, it was agreed in [3] that some scaling factor would be signalled to the UE in order for the UE to derive the appropriate scaling.  Typically this information resides on the control or even broadcast channels although the exact details of this are still undecided.
Hence, if TxD is used to transmit broadcast channels, and unequal and unknown (to the UE) data scaling is used, the UE demodulation performance may be degraded due to loss of orthogonality.
To mitigate such scenarios, it is proposed that when the PBCH and PDCCH are transmitted using TxD, equal power scaling across antennas is applied.
2 Problem derivation
Analysis of the TxD scheme with unequal power scaling shows that if the scaling factors are unknown, then orthogonality between the two transmitted symbols is lost.
Consider a 2Tx-2Rx TxD system with scaling factor 
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Figure 2‑1: 2Tx-2Rx Space-Frequency Block Coded Transmission

Ignoring noise for simplicity, the received symbol can be represented as:
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Eq. 1
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Eq. 2
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Eq. 3
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Eq. 4
A typical method of combining the received signals is to use the following equations:
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Eq. 5
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Eq. 6
From Eq. 5, the following can be derived: 
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 Eq. 7
From Eq. 7, if 
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 are unequal and unknown (as in the PBCH and PDCCH case), then the cross terms do not sum to zero resulting in a loss of orthogonality.  
Note that for the PBCH and PDCCH, only QPSK modulation is used.  Therefore, as long as 
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, the absolute value of either data scaling values are not necessarily needed for demodulation.

To illustrate the problem, a short link level simulation was performed.  The results are presented in Figure 2‑2 where a degradation of ~0.5dB is observed.  Simulation conditions can be found in Section 5.
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Figure 2‑2:  BLER of equal and unequal scaling with unknown scaling factors at the UE
3 Proposed solution
Based on the above analysis and results, equal scaling is proposed for control and broadcast channels when SFBC is used.
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5 Annex

The simulation conditions used to obtain the results presented in Section 2 are listed in the table below.

	Parameter
	Value

	Bandwidth
	10MHz

	Modulation
	QPSK

	Transport block size
	4392

	Number of transmit antennas
	2

	Number of receive antennas
	2

	Mode
	Transmit diversity (SFBC)

	Channel model
	TU6

	Mobile speed 
	30kmph
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