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1 Introduction
In RAN1#60, the following were agreed with respect to PDSCH RE muting for inter-cell CSI-RS [1]:
· 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

Currently, there is an ongoing evaluation process in RAN1 to investigate the impact of PDSCH muting on Rel.8 UEs and the performance enhancement on Rel.10 UEs. In parallel to the PDSCH muting evaluation process, CSI-RS patterns are being proposed by various companies for adoption into LTE-A. For the most part, these two issues are studied and discussed separately in RAN1. However, we believe that the issue of PDSCH muting and CSI-RS pattern designs are closely related and should be studied jointly.

One such issue is the reallocation of the transmission power of the muted off REs. We have observed the reallocation of the transmission power of the muted off REs can be done more efficiently for certain CSI-RS designs compared to others. In this document, we discuss how the transmission power of muted off REs can be utilized and how CSI-RS patterns can be designed to facilitate this. In addition, we provide some evaluation results to verify the gain of such utilization.
2 Reallocation of Muted off TX Power
When PDSCH REs are muted off, transmission power for muted off REs is wasted, if it is not redistributed onto other RE position. Theoretically, the transmission power of the muted off REs can be reallocated to one of the following:

· PDSCH RE which have not been muted off

· DM-RS

· CSI-RS

Reallocation to the PDSCH is not attractive since it would add another PDSCH transmission power level to the currently existing levels and might increase the complexity at the UE. In addition, the overall performance benefit from such an approach is expected to be very small. Reallocation to the DM-RS is also not attractive since DM-RS can change in density and existence depending on eNB scheduling. The natural alternative for reallocation of transmission power of the muted off REs is CSI-RS. Since CSI-RS is always transmitted periodically, the transmission power of the muted off REs can be used to increase the transmission power on the CSI-RS by a constant offset. 
In order to facilitate the reallocation transmission power of muted off REs, CSI-RS should be designed such that muted off REs and CSI-RS RE coexist in a common set of REs as much as possible. An example is shown in Figure 1.
In Figure 1, there are 2 different CSI-RS patterns. Let’s assume CSI-RS REs of adjacent antenna port numbers are CDMed for both of patterns. Then, both of patterns can utilize transmission power as much as possible in one set of REs. However, among different sets of REs, pattern (a) can not reallocate transmission power of pat.1(red colored) onto pat.0(yellow colored) when REs in pat.1 are muted off, but pattern (b) is possible to reallocate muted off pat.1 REs power onto pat.0.
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Figure 1. An example of muting for a reuse factor of 3.
3 Evaluation Results

3.1 Simulation Scenario
In order to accurately assess the impact of power reallocation with different CSI-RS reuse factors on the performance of LTE-A, link simulation was performed in a multi-cell environment. The simulation was conducted in a 57-cell environment with an inter-site distance of 500 m. The downlink performance was evaluated for a rank 1 beamforming using 8 transmit antennas. It was assumed that there is no coordination among any of the 57 cells and that all cells other than the serving cell were always generating inter-cell interference. The inter-cell interference was modelled with 6 strongest interferers generating interference using random precoding subject to time variant Rayleigh fading for a flashlight effect and the remaining 50 interferers generating Gaussian distributed random noise.

In the simulation, muting of PDSCH REs for inter-cell CSI-RS is applied for all cases, and link throughput was evaluated for a reuse factor of 3 and 6 with power boosting and without power boosting for various UE positions. When power boosting is not applied, the transmission power of CSI-RS is only implicitly power boosted. In other words, for the 8 antenna port CSI-RS as shown in Figure 2, the transmission power per antenna port is boosted by 9 dB to fully utilize the transmission power allocated for CSI-RS. So the saved power from muted off REs is wasted. When power boosting is applied, in addition to the implicit 9 dB power boosting, the transmission power of CSI-RS is explicitly power boosted to utilize the transmission power on the muted off REs
Link throughput was evaluated for different UE locations which are determined by the angle and distance from the eNB as shown in Figure 2.
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Figure 2. Determination of UE position.

Additional details of the simulation setup and assumptions can be found in the Appendix.
3.2 Simulation Results

In Table 1, in the low geometry region, we summarized the link throughput gain of the power boosted case compared to the non-power boosted case for a reuse factor of 3. Additionally, link throughput gain for all simulated UE positions is shown in Figure 3 in the Appendix.
Table 1. Relative gain of link throughput for power boosted case compared to non-power boosted case
	Reuse factor
	Angle [degree]
	UE distance from serving eNB [m]

	
	
	160
	180
	200
	220
	240
	260

	3
	-90
	0.89 [%]
	0.98 [%]
	1.57 [%]
	2.19 [%]
	3.85 [%]
	4.90 [%]

	
	-75
	0.88 [%]
	1.18 [%]
	1.93 [%]
	3.07 [%]
	4.70 [%]
	5.60 [%]

	
	-60
	0.99 [%]
	1.82 [%]
	3.07 [%]
	4.26 [%]
	5.75 [%]
	7.81 [%]

	
	-45
	3.28 [%]
	4.48 [%]
	5.06 [%]
	8.52 [%]
	13.69 [%]
	31.25 [%]


From Table 1, following observations can be made:
· When UEs are close to the eNB, relative link throughput gain obtained with power boosting is small.
· Relative link throughput gain increases as UE distance increases.

· Power reallocation is beneficial at low geometries but not at high geometries. (It is more clearly shown in the figure in the Appendix.)
At close distances to the eNB, estimated channel is already sufficiently accurate, since the geometry is sufficiently high. So the improvement of channel estimation accuracy with power boosting of CSI-RS brings no gain in the link throughput. On the contrast, at the cell edge, improvement of channel estimation accuracy has much more impact on the link throughput than the case at close distances to the eNB, because channel estimation is inaccurate to degrade link throughput due to low geometry. 
4 Summary
In this contribution, we discussed how the transmission power of muted off REs could be used to increase the transmission power of CSI-RS. In order to do so, it was observed that the CSI-RS patterns be designed such that muting can occur in the same OFDM symbols as the ones used for CSI-RS transmission.

Link simulation results in a multi-cell environment were provided to study the performance enhancement by reallocating the transmission power of muted REs to increase the transmission power of CSI-RS. Simulation results were provided for CSI-RS reuse factors of 3 with and without transmission power reallocation to increase the transmission power on CSI-RS. It was observed that reallocating the transmission power of muted off REs was produced enhanced performances throughout the cell. In particular, it was observed that low geometry UEs can be significantly benefited from such an approach.
Given the observation, it is our recommendation that the CSI-RS pattern designs be done such that different reuse patterns coincide with each other as much as possible such that muting and CSI-RS transmission may occur in the same set of OFDM symbols.
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Appendix
A. Relative link throughput gain
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Figure 3. Relative link throughput gain of power boosting case compared to non-power boosting case for reuse factor 3
B. Simulation environment

	Parameters
	Values

	Channel model
	3GPP-TU

	Velocity [km/h]
	3

	Antenna configuration
	8 Tx antennas, 2 Rx antennas

	Transmission scheme
	Rank 1 precoding [2]

	UE position
	Angle [degree]
	-90, -75, -60, -45
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	Distance [m]
	from 20 to 260
	

	Interference modelling
	19 sites (57 cells)

	
	6 major interfering cells are modelled by random precoding and flat fading

	
	the other 50 cells are modelled by Gaussian distributed uncorrelated random noise

	Antenna pattern
	2D model

	Inter site distance(ISD) [m]
	500

	Reuse factor
	3

	Power boosting for CSI-RS
	Implicit boosting for non-power boosting cases

Explicit 4.77 dB boosting by reallocating transmission power of muted off REs

	CSI-RS duty cycle [ms]
	5

	Number of CSI-RS ports
	8
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