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1. Introduction
The following has been agreed in RAN1#60 with regards CSI-RS design for Release 10 –

· Full-power utilization is the design target.
· Send an LS to RAN4 asking about the feasibility of 9 dB boosting. 

· Drafted by George Jöngren (Ericsson) and Moon-il Lee (LGE). Revisited on Friday
· 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
· Resource elements (REs) of CSIRS are configured and/or tied to system parameters for inter-cell orthogonality, i.e, no collision between CSIRS.
· Partial collision of CSI RS for inter-cell randomization is not precluded.
· CSI RS pattern for {2,4,8} CSI-RS ports
· Port 0 is fully configured (subframe, OFDM symbol, frequency location) by L3 signaling and/or tied to system parameters 

· The other ports follow port0 (implicit)

· FFS if all ports have the same shift or different shift in time and frequency

· For intra-cell CSI-RS, FDM/TDM/CDM/CSM needs further study.
· Study RE muting, i.e., no collision between CSIRS and data, for multi-cell CSI measurement
· Consider the impact of muting on UE interference measurement

· Consider the impact on Rel-8 UE

· Power reallocation of muted REs is FFS
2. Inter-cell Aspects of CSI-RS
Subframes with CSI-RS: The density of CSI-RS has been agreed to be 1 RE/port/PRB. To enable a high quality channel estimation (and potentially multi-cell channel estimation in future), inter-cell orthogonality with muting may be beneficial. To counter the increased overhead, an approach is to spread CSI-RS from multiple cells across multiple subframes. We, however, believe that this approach of spreading the interference across subframes is not beneficial for system performance. We prefer to contain the CSI-RS from all cells in a single subframe.
Orthogonality of CSI-RS: We believe inter-cell orthogonality is beneficial for Rel-10 as well as for future releases to enable a better estimate of CSI at the UE. According to the agreement, inter-cell orthogonality will be supported. We prefer designs that enable CSI-RS from multiple sectors to be completely orthogonal. The number of such orthogonal patterns will be limited by the intra-cell pattern design constraints – full power utilization, simplicity of channel estimator. In an earlier contribution [2] we also observed that a large reuse factor is beneficial (of the order of 6-9 for 4 CSI-RS ports). We prefer a design with 3 or more orthogonal patterns for 8 CSI-RS ports per cell. Inter-cell orthogonality using TDM/FDM/CDM may be considered [2].
RE muting for CSI-RS: The objective of RE muting (with or without power utilization from muted REs) with inter-cell orthogonality is to obtain a cleaner estimate of CSI at the UE. This translates to a better precoder selection and more importantly makes the design forward compatible to spatial interference measurement (for CoMP) or a high resolution spatial channel feedback. It has also been pointed out in several contributions that RE muting is beneficial for inter-cell CSI measurements. The effect of muting on Release-8 UEs is also a factor for consideration. We, however, believe that the performance of Release-8 UEs can be controlled by a scheduler (with a higher overhead of ~24 RE per PRB with muting) and the additional flexibility of CSI-RS muting is desirable.
Results: In this section results are given for CSI-RS with and without muting in a 10 MHz LTE-A downlink.  The CSI-RS format used is the FDM format shown in [1].The eNodeB has MT=4 antennas (ULA with (/2 spacing) and the UE has MR=2 antennas.  The SCM-E channel model (urban macro with 15 degree angular spread) is used with a mobile speed of 3 kph.  The mobile uses a DFT-based channel estimator with a Bayesian weighting applied to the time-domain channel estimate before returning to the frequency domain.  A 131 cellular reuse scenario is considered.  When muting is applied, muting is only done between the three sectors in one base station.  When not muting, the downlink data is single-stream beamformed with a different weight (corresponding to a different mobile) being applied on each group of 72 subcarriers.
Figure 1 shows CDFs of the channel estimation MSE (averaged across all 600 subcarriers) with and without muting.  Figure 2 shows CDFs of the SINR on the REs with CSI-RS with and without muting.  From the results presented in these figures it is clear that muting does improve the performance.
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Figure 1: normalized MSE of the channel estimates with and without muting
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Figure 2: CDF of the SINR on the REs with CSI-RS with and without muting
3. Conclusions 
In this contribution we studied the inter-cell aspects of CSI-RS design. We draw the following conclusions from our study
· We envision CSI-RS from all cells in a single subframe 
· We prefer a design with 3 or more completely orthogonal patterns for 8 CSI-RS ports per cell. Inter-cell orthogonality using TDM/FDM/CDM may be considered. We observed a large reuse factor to be beneficial (of the order of 6-9 for 4 CSI-RS ports).

· The additional flexibility of CSI-RS muting can be beneficial and will provide future readiness to the design. This should be considered.
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