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1 Introduction
In RAN1 #52 meeting, Sorrento, the way forward on PDSCH power control in [1] has been agreed. However, while there have been some email discussions in the past, there is no agreement on which physical channel
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 , defined as the ratio of PDSCH EPRE of Type A OFDM symbols and RS EPRE, should be signaled. Note that we define Type A OFDM symbols as OFDM symbols that do not contain RS, to be consistent with the definition in [1] instead of [2]. Definitions of parameters which we assume here can also be found in Annex I.
In this contribution, we propose that 
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 which is UE-specific and semi-static, to be signaled on PDCCH.

2 Physical Channel for P_A Signaling
In our opinion, PDCCH is the most appropriate physical channel for 
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 signaling due to the following reasons:
1. 
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 signaling would not require excessive resources from PDCCH. This is because it is only signaled semi-statically. Furthermore, 
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 needs not be signaled when PDSCH symbols are QPSK modulated. Although the range and resolution of
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 are yet to be decided, we do not expect a large range and very fine resolution for
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.
2. 
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 should be QPSK modulated, since UE is supposed to decode this information reliably without prior knowledge about the data-to-pilot power ratio.  PDCCH satisfies this requirement as the modulation scheme specified for PDCCH is QPSK.
3. eNodeB should be able to signal 
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 with all transmission modes specified for LTE system, including precoding with transmit diversity (SFBC for 2Tx and SFBC+FSTD for 4Tx). Without any prior knowledge about the data-to-pilot power ratio at UE, SFBC decoding for 4TX can only be done provided that the same data-to-pilot power ratios are assumed for different TX antennas and that the symbols are QPSK modulated, otherwise performance loss will occur due to loss of orthogonality. For details, please refer to Annex II. These two requirements would be satisfied if 
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 is transmitted on PDCCH. 
On point 3 above, note that the assumption of same data-to-pilot power ratios for different TX antennas would not be true for PDSCH, thus implying that PDSCH may not be suitable for 
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 signaling, if optimal power utilization across different TX antennas is allowed for PDSCH. 
Based on the above reasons, we propose to signal 
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 on PDCCH.
3 Annex I
There are three types of OFDM symbols that can exist in a slot. They are:

Type A: OFDM symbols that do not contain RS
Type B: OFDM symbols that contain RS (and “antenna holes” for 4 antenna ports)

Type C (only for 4 antenna ports): OFDM symbols that do not contain RS but contain “antenna holes” 

The following parameters are defined:
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where 
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 =  EPRE of PDSCH REs of Type A 
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 =  EPRE of PDSCH REs of Type B 
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 =  EPRE of PDSCH REs of Type C 


[image: image19.wmf]RS
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 =  EPRE of RS REs
4 Annex II - Problem with Power Optimisation for 4 Tx Precoding for Transmit Diversity
We illustrate the problem of unequal data-to-power ratios for different Tx antenna in the case of 4 Tx when the ratios are not known. The precoding operation for transmission on four antenna ports is given by [2]
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Since the above 4Tx transmit diversity (TxD) system can be seen as two separate 2Tx TxD systems, we illustrate the problem of 
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 with 2Tx-2Rx TxD system without loss of generality. 

Assuming different data-to-power ratios for different Tx antenna is essentially the same as assuming that different power scalings are applied to symbols transmitted from different Tx antennas. Consider a 2Tx-2Rx TxD system with scaling factor 
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 for Tx1 and 
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 for Tx2 as shown in Figure 1.  Let, 
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 on antenna 
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 and let 
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 denote the received symbol on antenna 
[image: image29.wmf]m

 on the same subcarrier.  The assumption 
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Figure 2‑1: 2Tx-2RxSpace-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

[image: image34.wmf](

)

*

)

2

,

(

2

)

2

,

2

(

2

1

,

1

)

1

,

2

(

1

2

,

f

f

f

x

h

x

h

y

a

a

-

=





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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 and 
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 are unequal, then the cross terms do not sum to zero resulting in a loss of orthogonality. Given that 
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 and 
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 are not known a priori at UE, it is not possible to compensate for its effect. 
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