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1. Introduction
CSI-RS design is an important aspect of the system in which effects not only transmission schemes of current standardized release (i.e. Release 10) but transmission schemes for the next releases (e.g. Release 11,12,etc). Thus it is important to consider measurement enhancements for the serving cell and intercell measurement to future-proof the LTE Advanced system for potential multi-antenna transmission techniques such as CoMP. In this contribution, we discuss issues regarding RE muting and intercell CSI-RS aspects.

2. RE muting and intercell CSI-RS

General RE muting design

To ensure effective LTE evolution and support any future designs utlizing multi-antenna transmission techniques, we must design the CSI-RS so that it is not the limiting factor potential future feedback mechanisms and multi-antenna transmission techniques such as coordinated beamforming and joint processing CoMP. One efficient method of supporting higher channel measurement quality for other cells is to specify muted REs in CSI-RS RE positions of other cells (or antenna group transmission points). 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 take measurements from the channel without the strongest interfering signals. This technique can help increase CSI-RS measurement performances and allow better feedback accuracy for future multi-antenna transmission 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.

Additional CSI-RS set and RE muting
Even although LTE Release 10 UE will not support standardized CoMP transmission and feedback techniques, muted REs should be informed to all UEs and data RE should be rate-matched around them. This is because the transparent RE muting/erasure at the eNB side heavily affects transmission performance which has been studied in numerous contributions [6][7]. Additionally in order for coordinated CSI-RS transmission to work effectively, UEs with the muted RE knowledge should not use RE muting for interference measurement purposes. This is because if Release 10 UEs are implemented so that it takes interference measurements from muted RE, then it may be difficult to transmit CSI-RS for other potential group of transmission points without causing artifacts in interference measurements. In order to insure to all LTE Release 10 UE do not misuse muted REs for other purposes and allow full coordination between group of CSI-RSs, we propose to specify multiple group of CSI-RS configuration from a single cell.
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Figure 2. RE muting and multiple CSI-RS group configuration
The additional group of CSI-RS RE positions shall be muted from serving cell effectively standardizing RE muting. At the same time the additional group of CSI-RS does not need to be actually transmitted from the serving cell, which allows full coordination of CSI-RS between cells if needed. This also forbids wrongful interference measurement implementation at the UE side, by strongly tiding RE muting and CSI-RS transmission from other groups of cooperating transmission points. Figure 2 shows an example of multiple CSI-RS transmission group configuration and it’s relation to RE muting from a single cell point of view. This is essentially the similar definition as CSI-RS TDM/FDM intra-cell mapping, where RE for other antenna port CSI-RS is muted. In cells where CSI-RS coordination is not required, the additional CSI-RS group configuration should be turned off, effectively turning off any muted REs. In release 10, the UEs do not necessary need to feedback CSI from configured additional CSI-RS groups. The serving cell only needs to inform the UEs one set of CSI-RS in which the CSI feedback measurements are being processed.
RE muting signaling flexibility
The relationship between CSI-RS transmission subframes for the serving cell and inter-cell CSI-RS RE muted subframes is important for UEs. This is because non-usable REs (whether the REs are muted or transmitting CSI-RS) effects performance of Data transmission in the same subframe. More subframes with non-usage REs, which the UE is not aware of, affects total achievable throughput for legacy release 8 UEs. Related simulation results in [3] show that it is beneficial to keep the RE muting subframes and serving cell CSI-RS transmission subframe to be the same. RE muting in the same subframe as the serving cell CSI-RS transmission subframe also allows the UE to jointly estimate the channel for other cells along with the serving cell which may be beneficial for certain CoMP transmission schemes. Thus it seems critical to design RE muting so that it is able to co-inside with serving cell CSI-RS transmission in the same subframe. This does not mean that muted RE subframes should always be in the same subframe as serving cell CSI-RS transmission subframes.
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Figure 3. RE muting in different time periodicity
From the interference measurement point of view coordinated RE muting from other coordinating cells can result in erroneous interference measurements (assuming UE is doing interference measurements from serving cell CSI-RS REs). This is because muted REs from other coordinating cells do not reflect the data transmission load of that particular cell in the REs in which the serving cell is transmitting CSI-RS. In order to mitigate this problem we propose to allow subframe-level partial RE muting in which RE muting duty cycle could be longer than serving cell CSI-RS duty cycle so that a UE may measure the inter-cell interference from the CSI-RS in the subframe not containing muted RE. Note that the inter-cell interference should be measured from the CSI-RS in the subframe without muted RE to avoid well-known pessimistic CQI. Therefore, it should be possible to configure RE muting duty cycle separately from serving cell CSI-RS although RE muting configuration is restricted to the subframe containing CSI-RS. By separating RE muting duty cycle from the serving cell CSI-RS duty cycle, the coordinating cell only need to have synchronized RE muting cycle and the CSI-RS duty cycles of coordinating cells could be set differently according to their system scenarios and channel environments.
Orthogonal CSI-RS design for intercell measurements
General CSI-RS design should consider RE muting and potential CSI-RS set coordination. This results in orthogonal CSI-RS set pattern which may be used for different cells. Considering orthogonal re-use factor (e.g. time/frequency-RE and time-subframe re-use) achievable with 1 RE/RB/port CSI-RS design the need for non-orthogonal (or quasi-orthogonal) intercell CSI-RS pattern support seems limited. Therefore we propose to only support orthogonal intercell CSI-RS set patterns and allow potential CSI-RS coordination with any given group of cells.
3. Performance benefits of RE muting

We show throughput performance comparison of RE Muting versus No RE Muting for 3 cell coordinated beam-forming, where the UE reported the best precoding matrix index for the serving cell and the worst precoding matrix index for the other cooperating cells. In the simulations LTE Release-8 4-Tx codebook was used. The simulations take into account CSI-RS measurement inaccuracies by performing real channel estimation of CSI-RS in link level. The x-axis denotes SINR where the signal strength of the serving cell was S, combined signal strength of other 2 cells and noise was I and N. The power between other 2 coordinating cells and noise was split equally for simplification of the simulation. The rest of the simulation assumptions are based on CSI-RS simulation evaluation guide in reference [2] and described in detail in the Annex of this contribution.
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Figure 2. Performance comparison between RE Muting vs. No RE Muting in CBF CoMP
Table 1 shows system level simulation performance comparison between Joint Transmission CoMP for RE muting versus non-RE muting. In this simulation we have used a modeled the CSI-RS channel estimation inaccuracies using Gaussian noise taken from link level simulations. 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


From the simulation results, we can see that RE muting gives potential benefits up to 20% in terms of throughput enhancement for CBF and JP CoMP. This shows that CSI-RS measurement can be a bottleneck for enhanced multi-antenna transmission schemes, and any enhancement to CSI-RS measurement accuracy can potentially improve system performance.
4. Conclusion and Summary

From the simulation results, we see that RE muting is beneficial and should be considered as part of CSI-RS design in release 10 in order to future-proof the system for potential multi-antenna techniques. In light of observations mentioned above, we propose the following;
· Support of RE muting configuration by means of configuring additional CSI-RS set

· Fundamentally forbids misuse of muted REs for other than CSI-RS measurement enhancements. Uniform UE behavior across different vendors is possible, when later on CoMP is enabled at the serving cell.
· CSI-RS measurement should not be the bottleneck for performance enhancements of potential CoMP techniques in the future releases.
· Additional CSI-RS set defined for a UE does not necessary restrict CSI-RS transmission from coordinating non-serving cells.
· Only support orthogonal CSI-RS set patterns for intercell CSI-RS design

· RE muting (additional CSI-RS set) periodicity should be separately defined from the serving cell CSI-RS
· RE muting duty cycle needs to have longer duty cycle than serving cell CSI-RS duty cycle to allow inter-cell interference from the serving cell CSI-RS without RE muting configuration.
· RE muting (additional CSI-RS set) subframes should be able to co-inside with serving cell CSI-RS transmission subframes
· RE muted subframe could potential be in different subframes of CSI-RS transmission subframes, but RE muting should be at least supported in serving cell CSI-RS transmission subframes.
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6. Annex Simulation Parameters and Assumptions
The following are simulation parameters used for the CBF-CoMP link level simulation evaluations.
Table 2. Simulation Parameters for CBF-CoMP
	Parameter
	Value

	Carrier Frequency
	2.0 GHz

	Bandwidth
	10MHz (50RB)

	Allocated RB size
	5 RB

	Channel Model
	LTE-ETU (uncorrelated)

	Fading Speed
	3 km/Hr

	Antenna configuration
	4 Tx eNB, 2 Rx UE

	HARQ Combining
	IR Combining

	Receiver Algorithm
	MMSE

	Feedback measurement RS
	Cell Common RS

	Scheduling + CSI feedback delay
	10ms

	Interference Estimation
	Ideal interference power estimation

	Demodulation channel estimation
	Real channel estimation

	Target block error rate
	10%

	Outer loop link adaptation
	Yes,

modified MCS to received CQI mapping according to actual long term BLER








