TSG-RAN WG1 Meeting #60
R1-101357
San Francisco, USA
February 22 - 26, 2010
Source: 
LG Electronics
Title:
Inter-Cell CSI-RS design and Inter-Cell measurement consideration
Agenda Item:
   7.2.2
Document for:
Discussion/Decision
1. Introduction
CSI-RS is new reference signal port designed to enable UEs to estimate the channel for cells for enhanced MIMO technology for LTE Release 10 and beyond. Creating a common new reference signal for different UEs into existing specification will always have impact on legacy specification. Before we agree on CSI-RS detailed design we should try to analyze any side-effects with this new RS deployment. Additionally, when we try to design the CSI-RS, we should try to design the RS so that the reference signal can be used for any further enhancement in the near future releases and should be robust enough to accommodate any additional features in the near future releases. In this contribution we discuss design factors to be considered when taking inter-cell channel measurements and inter-cell CSI-RS design.
2. CSI-RS design for other cell channel measurement
CSI-RS was primary introduced to support of higher number of transmit antennas, while keeping the legacy cell common RS fully compatible with any legacy release 8 and 9 UEs. The main goal for CSI-RS is to enable efficient channel estimation for UEs designed for release 10 and beyond. This efficiency comes from the fact that CSI-RS density is much lower compared to cell common RS in release 8, which was used for both channel measurement and data demodulation. This low density for CSI-RS may be suitable for single cell SU-MIMO channel measurements, but in case of channel measurements for other cells considering more enhanced MIMO features such as Coordinated Multi-Point Transmissions (CoMP) there could be issues with channel measurement performances. This may be primary due to the fact that more enhanced MIMO features require higher channel measurement resolutions.
Considering CoMP technologies, we can design the CSI-RS to be relatively higher density compared to density required to support single cell SU-MIMO, but this comprises the overhead required to only support single cell SU-MIMO and add legacy performance impact due to high density of CSI-RS effecting legacy UEs. One efficient method of supporting higher channel measurement quality for other cells is to specify muted REs in CSI-RS (or potential CSI-RS) RE positions of other cells. Considering the fact that cell cooperating in CoMP transmissions will be cells in which have the greatest interference/signal power to UEs, if we transmit nothing (mute) in RE position in which cooperating cells transmit CSI-RS, we can cleanly take measurements from the channel without the strongest interfering signals. This technique can help reduce the channel measurement quality gap required for CoMP transmissions while keeping the same density for single cell transmission MIMO techniques. Figure 1 shows a conceptual drawing of CSI-RS insertion and RE muting coordination for other cell channel measurements. The ‘RS’ denotes CSI-RS, whereas the ‘x’ mark denotes REs which are muted.
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Figure 1. Conceptual drawing of CSI-RS insertion and RE muting coordination
The muted REs for a serving cell should be positioned so that it is placed on the same time/frequency RE as CSI-RS from other coordinating cells. This also means that for coordinating cells the CSI-RS RE positions should not overlap in time/frequency domain. We will denote this as orthogonal CSI-RS design, where RE orthogonality between coordinating cells is achieved by cross product of different CSI-RS position between cells and RE muting in CSI-RS positions.
Certain factors need to be accounted for when designing orthogonal CSI-RS for a number of cells. The probably most important factor may be number of orthogonal CSI-RS transmission from a single serving cell point of view. The number of orthogonal CSI-RS transmission affects how the CSI-RS RE are positioned within the coordinated cells and how the muted RE is positioned. Large number of orthogonal CSI-RS transmission may require high RE muting overhead and complex CSI-RS RE positioning coordination, while low number of orthogonal CSI-RS transmission results in restrictive grouping of coordinating cells. For this we propose to target the number of orthogonal CSI-RS transmission from a serving cell point of view to 3. Note that this does not mean only 3 cells are transmitting CSI-RS in coordinated fashion out of 504 cells. This only means that from a single cell point of view only 3 orthogonal CSI-RS transmission is considered, and there could be multiple of CoMP clusters where each CoMP cluster will coordinate the CSI-RS transmission in orthogonal way.
Table 1 shows system level simulation performance comparison between Joint Transmission CoMP for orthogonal CSI-RS and non-orthogonal CSI-RS. The results assumed ideal feedback for JT CoMP. Detailed simulation assumptions are shown in reference [1].
Table 1. Comparison of Joint Transmission CoMP performance with orthogonal CSI-RS and non-orthogonal CSI-RS for feedback channel estimation
	
	Cell Average

Spectral Efficiency
	Cell Edge (5%)

Spectral Efficiency

	Orthogonal CSI-RS

(i.e. with RE muting)
	3.58 bit/Hz
	1.49 bit/Hz

	Non-orthogonal CSI-RS
	3.28 bit/Hz
	1.32 bit/Hz


3. Summary
In conclusion, we propose to adopt following design principles and guidelines for further discussion on the inter-cell CSI-RS design.
· Support of RE muting (No signal transmission) configuration in potential CSI-RS RE positions for other coordinating cell.

· Orthogonal CSI-RS design for ‘N’ cells
· Orthogonal CSI-RS design means CSI-RS for coordinating ‘N’ cells are positioned in different time/frequency REs

· Target the number of orthogonal CSI-RS design to N=3

· Note that exact number of orthogonal CSI-RS transmission should be further studied for FDD/TDD normal and extended CP subframes. N = 3 should be the initial target number to strive for in the design stages of CSI-RS.
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