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1
Introduction
In Rel-10, when CSI-RS is configured for channel measurements, a ratio of PDSCH EPRE to CSI-RS EPRE is assumed by the UE. In this document, we discuss some ambiguity in the definition of the ratio.
2
Discussion
In Rel-10, when CSI-RS is configured for channel measurements, a ratio of PDSCH EPRE to CSI-RS EPRE is assumed by the UE. In particular, in [1], Section 7.2.5, it is specified that:
· UE assumption on reference PDSCH transmitted power for CSI feedback Pc.  Pc is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.

However, PDSCH EPRE is not a constant over different OFDM symbols. Indeed, in [1], Section 5.2, it is specified that:
· The ratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero EPRE) for each OFDM symbol is denoted by either 
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 or 
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according to the OFDM symbol index as given by Table 5.2-2 and Table 5.2-3. In addition,
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are UE-specific. The following figure shows one example for the normal CP case.
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Figure 1 Illustration of per symbol PDSCH EPRE, normal CP, 1 or 2 CRS ports
· The cell-specific ratio 
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 is given by the following table according to cell-specific parameter 
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 signalled by higher layers and the number of configured eNodeB cell specific antenna ports.

Table 1 The cell-specific ratio 
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 for 1, 2, or 4 cell specific antenna ports 
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	One Antenna Port
	Two and Four Antenna Ports 

	0
	1
	5/4

	1
	4/5
	1

	2
	3/5
	3/4

	3
	2/5
	1/2


Now, the question is: in the Pc (the ratio of PDSCH EPRE to CSI-RS EPRE) definition, should PDSCH EPRE (ρA), or PDSCH EPRE (ρA), or a combination of both, be used? That is,
· Alt 1: use PDSCH EPRE (ρA)
· Alt 2: use PDSCH EPRE (ρB)
· Alt 3: use some combination of PDSCH EPRE (ρA) and use PDSCH EPRE (ρB)
One possible Alt 3 design is to take a weighted average of PDSCH EPRE (ρA) and PDSCH EPRE (ρB). For instance, in Figure 1, there are 3 symbols with PDSCH EPRE (ρB) and 8 symbols with PDSCH EPRE (ρA), and the weighted average can be as simple as (3* PDSCH EPRE (ρB) + 8* PDSCH EPRE (ρA))/11. Additional fine-tuning is also possible, e.g., by further taking into account the number of available REs for PDSCH under each symbol.
As can be seen from Table 1, depending on the configuration of PB, we can have PDSCH EPRE (ρA) ≠ PDSCH EPRE (ρB). When there is 1 CRS port,  the ratio PDSCH EPRE (ρA) and PDSCH EPRE (ρB) can be up to 2/5 or a 4dB difference. Similarly, when there are 2 or 4 CRS ports, the difference can be up to 3dB. This leads to up to 4dB difference in the definition of Pc between Alt 1 and Alt 2. Such a difference is not desirable for CSI-RS based channel feedback, and can lead to different UE behaviors. Such ambiguity needs to be clarified.
Comparing the three alternatives, Alt 1 is simple and also aligned in the symbols containing CSI-RS. As a result, Alt 1 is recommended in the definition of Pc. Based on this, the standard text can be changed as follows:
· UE assumption on reference PDSCH transmitted power for CSI feedback 
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is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size, where the PDSCH EPRE corresponds to the symbols for which the ratio of the PDSCH EPRE to the cell-specific RS EPRE is denoted by 
[image: image13.wmf]A

r

, as specified in Table 5.2-2 and Table 5.2-3.
3
Conclusions 

In this paper, we discussed some ambiguity in the definition of Pc for the CSI-RS based channel measurements. A few possible alternatives were discussed, and such ambiguity can lead to different UE behaviors. It is proposed to clarify that in the definition of Pc, PDSCH EPRE corresponding to ρA is used.
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7.2.5
Channel-State Information – Reference Symbol (CSI-RS) definition

The following parameters for CSI-RS are configured via higher layer signaling:

· Number of CSI-RS ports.  The allowable values and port mapping are given in Section 6.10.5 of [3].
· CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

· CSI RS subframe configuration 
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· Subframe configuration period 
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· Subframe offset 
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· UE assumption on reference PDSCH transmitted power for CSI feedback 
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is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size, where the PDSCH EPRE corresponds to the symbols for which the ratio of the PDSCH EPRE to the cell-specific RS EPRE is denoted by 
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, as specified in Table 5.2-2 and Table 5.2-3.

A UE should not expect the configuration of CSI-RS and/or zero-power CSI-RS and PMCH in the same subframe of a serving cell. 
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