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1 Introduction
In RAN1#51 some agreement was made on RS power boosting [1].  From the further email discussions, the following was adopted as the specification text in [2]:
· The eNodeB determines the downlink transmit energy per resource element.

· A UE shall assume downlink reference symbol EPRE is constant across the downlink system bandwidth and constant across all subframes until different RS boosting information is received.

· For each UE, the PDSCH-to-RS EPRE ratio among REs in all the OFDM symbols containing RS is equal and is denoted by P_A.

· For each UE, the PDSCH-to-RS EPRE ratio among REs in all the OFDM symbols not containing RS is equal and is denoted by P_B.

· The cell-specific ratio between P_A and P_B is determined by eNodeB based on the cell-specific RS boosting value.
Furthermore, there were additional FFS items that were captured in [1]:
· FFS if other signalling of power ratios is needed in deriving this ratio.
· FFS on the PDSCH-to-RS-EPRE ratio per antenna port for a given RE
· Whether we need to consider potentially different PDSCH-to-RS-EPRE ratio across antenna ports in the OFDM symbol containing RS
· Whether we need to specify/signal the ratio for each antenna port or not.
2 Open issues

Based on these agreements, several open issues still remain:

· The exact definition of RS boosting is undefined.  

· The use of equal or unequal boosting per antenna port is unclear or FFS.

· It is still not clear whether P_B is the same for all antenna ports.

· The exact definition of P_B is ambiguous in the 4Tx antenna case where there are two types of OFDM symbols without RS—one with null subcarriers and one without null subcarriers.

· The exact methodology of obtaining the data scaling factor for demodulation by the UE is still undefined.
In this contribution, we propose to define P_B as the PDSCH-to-RS EPRE ratio for OFDM symbols containing no RS and no null subcarriers.  

Further, we provide equations for calculating the PDSCH-to-RS EPRE ratios for any OFDM symbol using P_B which is UE specific and 
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, a cell-specific value which can be seen as the reference P_B. P_B and 
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 are to be signalled by eNodeB.

3 OFDM symbols without RS
For the 1Tx and 2Tx antennas, ODFM symbols not containing RS symbols do not have any null subcarriers.  However, for 4Tx antennas, OFDM symbols not containing RS symbols can also contain null subcarriers as is shown in Figure 2‑1.
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Figure 2‑1:  RS mapping for 4Tx antenna (Antenna port 1)
From Figure 2‑1, the following is defined for a UE:

· 
[image: image4.wmf]D

P

 is the data power per RE for OFDM symbols with no RS and no null subcarriers

· 
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 is the data power per RE for OFDM symbols with RS (and potentially with null subcarriers)
· 
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 is the data power per RE for OFDM symbols with no RS but with null subcarriers 
· 
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 is the RS power per RE
Using the above definitions, the following ratios can be defined:

· 
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Note that 
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 are defined according to the wording in [2] (i.e. it is UE specific).
Furthermore, the following powers are defined assuming the whole bandwidth is allocated to one UE:

· 
[image: image13.wmf]D

Pbw

 is the nominal data power per RE with no RS and null subcarriers.

· 
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 is the nominal data power per RE for OFDM symbols with RS 

· 
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 is the nominal data power per RE for OFDM symbols with no RS but with null subcarriers 
Note that
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 are cell-specific as they are independent of the UE-specific power control.
4 Proposal
Using the above definitions, the following is proposed:
· We define the PDSCH-to-RS EPRE ratio 
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Note:
· This ratio can be seen as the reference
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· This ratio takes into account any RS power boosting through  
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· This ratio is equal for all antenna ports

· This ratio is to be signalled by eNodeB. Note that this ratio is cell-specific as 
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 and 
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 are both cell-specific.
· The ratio of data to pilot power for OFDM symbols containing RS is defined as:
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An example of how 
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 is derived from 
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 is given in the Annex.

· The ratio of data to pilot power for OFDM symbols without RS but with null subcarriers is defined as:
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An example of how 
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 is derived from 
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 is given in the Annex.

· Assuming that 
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 is known, 
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6 Annex
An example of how to derive 
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 and 
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 is shown below.
The total power for OFDM symbols containing no RS and no null subcarriers is defined as:
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Eq. 1
where 
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 is the number of used subcarriers in the system bandwidth.

Using this relation, 
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 can be expressed as:
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Eq. 2
where 
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 is the number of RS symbols on the OFDM symbol and 
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 is the number of null subcarriers.  Using Eq 1,  
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Eq. 3
Using similar method, 
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 can be determined as
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Eq. 4
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