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1 Introduction
In LTE Advanced (LTE-A) systems, CSI-RS is responsible for providing LTE-A UEs with a reliable signal for estimating channel state information which supports enhanced multi-antenna technologies such as Single-user MIMO (SU-MIMO), Multi-user MIMO (MU-MIMO), and Coordinated Multipoint (CoMP) transmission. During RAN#61bis following were agreed upon [1]:
· CSI-RS patterns for FDD and TDD for normal CP and extended CP subframes
· CSI-RS patterns for TDD only (optional) for normal CP and extended CP subframes
One issue still left open is the power allocation on the CSI-RS. The agreement so far concerning the CSI-RS transmission power has been during RAN1#60:
· Same data RE power between a data RE in the OFDM symbol containing CSI-RS and a data RE in the OFDM symbol without CSI-RS/Rel-8 CRS is assumed within a subframe

In order for the UE to accurately measure the downlink channel status and perform channel feedback, it is beneficial for the UE to have information on the transmission power of the CSI-RS. This contribution describes how the transmission power of the CSI-RS can be defined for LTE-A.
2 CSI-RS Transmission Power
CSI-RS is a cell specific channel designed to allow UEs to efficiently measure the downlink channel. In order for the UE to accurately measure the downlink channel and generate the necessary channel feedbacks, it is beneficial for the UE to have an idea of how the received energy level on the CSI-RS corresponds to the received energy level on the PDSCH. For example, if a UE has measured the CSI-RS to obtain an SNIR of x dB, it should be aware of how to translate this value to the SNIR for PDSCH in order to generate an accurate CQI value. One might argue that even without such information, the outer loop at the UE or a smart compensation algorithm at the eNB may be able to handle the channel adaptation. However, we think that while the cost of this indication is not significant, having such information can provide a clear idea on how the link adaptation should be performed at the UE and the eNB. Note that such information is cell specific that is semi-statically configured value. 

There are two alternatives in defining the transmission power of CSI-RS as a function of the existing downlink channels.
2.1 As a Function of CRS Transmission Power

One alternative is to define the EPRE of CSI-RS as a function of the EPRE of CRS. Since both CRS and CSI-RS are cell specific channels with constant power levels within a subframe and across the system bandwidth, a single variable, ρC , can be used to define their relationship. Specifically, ρC can be expressed as:
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Since the above value is cell specific, it can be conveyed to the UE as a part of the CSI-RS configuration related information in a broadcast manner. Once the UE receives the ρC value, it can determine the relationship between the EPRE of CSI-RS and PDSCH using the existing ρA and ρB values. 
2.2 As a Function of PDSCH Transmission Power

The other alternative is to define the EPRE of CSI-RS as a function of the EPRE of PDSCH. Since the transmission power level of PDSCH is UE specific, the resulting value would be UE specific. This variable can be a function of either the EPRE of PDSCH in an OFDM symbol with CRS or the EPRE of PDSCH in an OFDM without CRS. Therefore, the variable defining the transmission power of CSI-RS can be expressed as either 
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Since the PDSCH EPRE is UE specific, ρD is a UE specific value as well. Therefore, the indication of this value needs to be individually to the UEs. Upon receiving either (2) or (3), the UE can determine the relationship between the CSI-RS, PDSCH, and CRS using ρA and ρB values accordingly.
Comparing the alternatives outlined in Subsections 2.1 and 2.2, it can be observed that both alternatives achieve the objective. However, from an operation point of view, the first alternative which defines the EPRE of CSI-RS as a function of the EPRE of CRS can be conveyed to the UE using RRC signalling in a broadcast manner while the second alternative which defines the EPRE of CSI-RS as a function of EPRE of PDSCH requires RRC signalling in a unicast manner. For this reason, we prefer the first alternative.
Proposal: Define a new parameter ρC as the ratio of CSI-RS EPRE and CRS EPRE.
3 Conclusions
In order for the UE to accurately measure the downlink channel status and perform channel feedback, it is beneficial for the UE to have information on the transmission power of the CSI-RS. We have identified two different approaches that both achieve this objective equally. From an operation point of view, the first alternative which is to define a new parameter that is the ratio of CSI-RS EPRE as a function of CRS EPRE seems more preferable.
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