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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. In order for CSI-RS to meet its role as a pivotal component within the LTE-A specification, it must be designed to be flexible enough to adequately support different transmission modes under different deployment conditions.
One of the key areas that require carefully consideration in designing CSI-RS is its inter-cell aspects. In a multi-cell deployment scenario, UE are subject to inter-cell interference and in order to provide sufficient measurement accuracy, the CSI-RS should be designed such that it can be transmitted with higher energy compared to other resource elements (i.e. reference signal power boosting), similar to the case of CRS. In doing so, the CSI-RS from neighbouring cells should be carefully positioned such that collision between CSI-RS from different cells is minimal.
In this contribution, different approaches to avoid collision between CSI-RS from different cells are discussed.
2 Orthogonal CSI-RS

A number of different approaches can be taken to avoid collisions of CSI-RS from different cells. One obvious method is to allocate a cell specific time offset for the transmission of CSI-RS in units of subframes and thereby separating the CSI-RS from different cells in the time domain. While such an approach is simple to apply there are some limitations:
· The number of applicable time offsets is dependent on the duty cycle of the CSI-RS. For example, if the duty cycle is 5 msec, the applicable time offsets are 0, 1, 2, 3, and 4 msec.

· In certain TDD configurations, the number of downlink subframes is limited. For example, TDD configuration 0 has only 2 downlink subframes (subframe 0 and 5) within a frame.

Another method is to use PRB sparse CSI-RS transmission with different cell specific frequency offsets in units of RB. PRB sparse CSI-RS transmission is where CSI-RS is transmitted in 1 PRB out of N PRBs [1], [2]. By combining PRB sparse CSI-RS transmission with adequate frequency offsets, different cells can be allocated non-colliding REs for CSI-RS transmission. However, there are still some limitations:
· In wireless channels with high degree of frequency selectivity, PRB sparse CSI-RS transmission might not be applicable.

Therefore, while the application of time and/or frequency offsets to avoid CSI-RS collision from different cells is viable, it is not enough. For this reason, we recommend the adoption of multiple CSI-RS patterns that are orthogonal to each other within a single PRB-pair.
Figure 1 shows an example of how multiple orthogonal CSI-RS patterns can be realized within a PRB-pair.
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Figure 1. An example of multiple orthogonal CSI-RS patterns within a PRB-pair.

Note that the CSI-RS patterns depicted in Figure 1 is one of many possible options. Different set of orthogonal CSI-RS patterns can be created based on different design philosophies. For example, the CSI-RS patterns in Figure 1 were designed with the following constraints in mind:
· Avoid control region: OFDM symbols 0, 1, 2
· Avoid OFDM symbols with CRS: OFDM symbols 0, 1, 4, 7, 8, 11

· Avoid OFDM symbols with PSS and SSS: OFDM symbols 2, 13

· Avoid OFDM symbols with DM-RS: OFDM symbols 5, 6, 12, 13

· As much non-pairwise puncturing as possible considering LTE performance with SFBC

Up to now, the main design guidelines that were agreed up on within RAN1 are on the CSI-RS duty cycle and the CSI-RS pattern’s density. It was agreed that CSI-RS will be transmitted with a duty cycle of 5 msec or multiple of 5 msec. In addition, it was agreed that CSI-RS will be transmitted with a CSI-RS pattern of density 1. As the next step of progress in defining CSI-RS for LTE-A, it is recommended that RAN1 discuss and agree upon a set of specific design guidelines for defining multiple orthogonal CSI-RS patterns and inter-cell application of CSI-RS. Some of the important areas that need to be determined at this point include:
· REs within a PRB-pair that can be used for CSI-RS transmission (or REs to avoid)
· Multiplexing scheme for different antenna ports within a CSI-RS pattern (time, frequency, code, etc)
· Orthogonalization between different cells (number of orthogonal patterns, method of orthogonalization, etc)
· Support of blanking/muting

· Allocation of CSI-RS patterns to cells
· CSI-RS EPRE definition and indication

3 Summary
In this contribution, the need for inter-cell CSI-RS orthogonalization and different approaches for achieving the orthogonalization is discussed. In order to guarantee CSI-RS orthogonalization under different conditions, it is recommended that multiple orthogonal CSI-RS patterns be defined within a single PRB-pair. In addition, as the next step in CSI-RS design, it is recommended that RAN1 agree upon specific design guidelines for defining multiple orthogonal CSI-RS patterns and inter-cell application of CSI-RS. Some of the important areas that need to be considered are:
· REs within a PRB-pair that can be used for CSI-RS transmission (or REs to avoid)

· Multiplexing scheme for different antenna ports within a CSI-RS pattern (time, frequency, code, etc)

· Orthogonalization between different cells (number of orthogonal patterns, method of orthogonalization, etc)

· Support of blanking/muting

· Allocation of CSI-RS patterns to cells

· CSI-RS EPRE definition and indication
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