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1 Introduction
In the latest LTE spec ‎[1], the definition on power setting for downlink is captured as follows:
For each UE, the PDSCH-to-RS EPRE ratio among PDSCH REs in all the OFDM symbols not containing RS is equal and is denoted by
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The UE may assume that for 16 QAM or 64 QAM or RI>1 spatial multiplexing 
[image: image2.wmf]A

r

 is equal to
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 which is a UE specific semi-static parameter signalled in dB by higher layers in the range of [3, 2, 1, 0, -1, -2, -3, -6] using 3-bits.
During Warsaw meeting, some clarification was raised on email reflector to under the true meaning of PDSCH-to-RS EPRE ratio. From majority responses, it seems that the common understanding for such ratio is that it is per antenna based rather than a ratio of accumulated energy across all antennas. However, such understanding would lead to a potential issue as it will only allow RS power boosting of 3 dB relative to total PDSCH power for a 2-tx system. For a 4-tx system, such goal could not be achieved based on current setting for the ratio. . 
In this short contribution, this subject was further discussed. To resolve this, namely, to allow 3 dB RS power boosting for 4-tx, we feel that the range of this ratio may need to be modified by adding one more value of -9 dB. 
2 Power Setting for RS power boosting in-4-tx system
From the email reflector, it seems that the common understanding of PDSCH-to-RS EPRE ratio is that the ratio is per antenna based, not based on accumulated energy across all transmit antennas. Based on such interpretation, as the range of such ratio is agreed in ‎[1] as [3, 2, 1, 0, -1, -2, -3, -6],  the minimum value the ratio 
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 could get is -6 dB. This means that RS power could be 6 dB (4 times) over the PDSCH power transmitted on each antenna. 
As RS is only transmitted on its designated antenna (namely RS is only transmitted from one antenna), while traffic (PDSCH) are transmitted from all antennas, the ratio of accumulated energy of PDSCH-to-RS could varies, which depended on the number of transmit antennas in a system. 

In a 2-tx system, as there are two transmit antennas, the total transmitted PDSCH energy is doubled that transmitted on a single antenna, however, the total energy of RS is the same as it is transmitted on a single antenna. This leads to the ratio of accumulated energy of PDSCH-to-RS becoming –3 dB if 
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 = - 6 dB, which implies that 3 dB RS power boosting relative to total energy of PDSCH can be achieved.  However, in a 4-tx system the conclusion will be different. In a 4-tx system, as PDSCH will be transmitted on all four antennas while RS is only transmitted on one antenna,  the ratio of accumulated energy of PDSCH-to-RS could only reach 0 dB if 
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 = - 6 dB. That means the total RS power could only reach the total energy of PDSCH at its maximum, In another word, the RS power boosting relative to total PDSCH energy, could not be achieved in a 4-tx system based on current range of ratio.  
As RS power boosting in conjunction with RS frequency shift would lead to improvement on channel estimation performance, especially for noise dominant system, it is worth to support such feature in a 4-tx system as well, the same as it is supported this in a 2-tx system. This will help maintaining consistent performance throughout systems with 2 and 4 transmit antennas. 
In order to allow 3 dB RS power boosting for a 4-tx system, a simple solution is to add one value of -9 dB to the ratio. As current ratio already has 8 values to choose which will need 3-bit to signal, to avoid extra bandwidth for the signalling, one way is to define a separate ratio range for 4-tx system such as [2, 1, 0, -1, -2, -3, -6, -9]. The current range agreed in the spec as [3, 2, 1, 0, -1, -2, -3, -6] could be used for 1-tx and 2-tx systems only.
3 Conclusions

In this short discussion paper, the lack of RS power boosting for 4-tx system was analysed based on the latest interpretation of PDSCH-to-RS ratio. Our view is that RS power boosted is a very useful feature for 4-tx system and needs to be maintained. To resolve this issue, it is suggested to add one more value of -9 dB to the ratio in addition to those agreed in ‎[1].
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