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1. Introduction

At the RAN1 #67 meeting, agreement was reached on the following regarding interference measurement.

· Specify in RAN1 specifications the possibility to UE-specifically configure specific REs for interference measurement. 

· Study further until RAN1#68 which REs to use.

In this contribution, we present our views on the enhanced interference measurement mechanism for each transmission point (TP) in Rel-11.
2. Enhanced Interference Measurement Mechanisms

As investigated in [1], the following candidates are considered as an enhanced interference measurement mechanism in Rel-11 as shown in Fig. 1.

· Alt. 1: CSI-RS based interference measurement with increased CSI-RS density
· Considering the problem of current sparse CSI-RS density with 12 sub-carrier spacing, an increase in the CSI-RS density would be a straightforward solution to achieve accurate interference measurement.
· Alt. 2: Interference measurement-specific CSI-RS (one antenna port per TP without CDM )
· Serving point(s) (and/or coordinating point(s)) set an additional CSI-RS antenna port as for an interference measurement region. Note that this interference measurement-specific CSI-RS resource should be a single antenna port without CDM in order to utilize time-domain contiguous REs for accurate interference measurement.
· Alt. 3: Zero-power CSI-RS based interference measurement (PDSCH hole) [2]
· Serving point(s) (and coordinating point(s)) mute a set of REs and set those REs as an interference measurement region.

· Alt. 4: Zero-power CSI-RS (or CSI-RS) hopping among multiple TPs
· Serving point(s) (and coordinating point(s)) mute a set of time/frequency hopping REs (or set CSI-RS) and set those REs as an interference measurement region
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Figure 1 – Example of enhanced interference measurement mechanism
Proposal 1: The following alternatives are considered as enhanced interference measurement mechanisms in Rel-11.

· Alt. 1: CSI-RS based interference measurement with increased CSI-RS density
· Alt. 2: Interference measurement-specific CSI-RS (one antenna port per TP without CDM)
· Alt. 3: Zero-power CSI-RS based interference measurement (PDSCH hole)
· Alt. 4: Zero-power CSI-RS (or CSI-RS) hopping among multiple TPs
2.1. Performance Evaluation

In this section, we present our preliminary evaluation results for each enhanced interference measurement mechanism based on a multi-cell link level simulator. The mean absolute SINR estimation error is considered as the performance metric, which is defined as the mean absolute value of the difference between the ideal SINR and measured SINR on a decibel scales. The ideal SINR is derived from an actual received signal and interference power on PDSCH REs assuming an ideal measurement. The measured SINR is derived from the measured signal power on the non-zero power CSI-RS and measured interference power using each of the above alternatives. We assume a homogeneous network (Scenario 2), and evaluate both for single-point and CoMP transmission (assuming a nine-cell CoMP cooperating set) performance. In the CoMP transmission, the received power is estimated using the non-zero power CSI-RS which the corresponding REs within the CoMP cooperating set are muted, and the interference power is estimated outside of the CoMP cooperating set. Detailed simulation assumptions are summarized in the Appendix.
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(a) Single-point transmission
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(b) CoMP transmission

Figure 2 – Mean absolute SINR estimation error distribution
Figs 2(a) and 2(b) show the CDFs of mean absolute SINR estimation error for single-point and CoMP transmission, respectively. We see from these results that Alts. 3 and 4 can achieve the best and almost the same performance among all alternatives. The results also show that the performance of Alts. 1 and 2 is slightly degraded compared to that of Alts. 3 and 4 both for the single-point and CoMP transmission.
2.2. Impact on Rel-10 UEs

For Rel-10 UEs, by configuring a zero-power CSI-RS to increase the number of CSI-RS RE regions, degradation in the Rel. 10 UE PDSCH demodulation could be avoided without an additional specification for Alts. 1, 2, and 3. However, for Alt. 4, by applying random hopping, some performance degradation may occur for Rel-10 UEs. In addition, for Rel-11 UEs, additional rate matching may need to be specified by applying random hopping within PDSCH regions. To avoid impact on legacy Rel-10 UEs and defining additional rate matching for Rel-11 UEs for Alt. 4, restricting random hopping within Rel-10 zero-power CSI-RS configurations could be considered as an another alternative for Alt. 4 (simplified Alt. 4 hereafter) as shown in Fig. 3.
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Figure 3 – Simplified Alt. 4
2.3. Number of reuse factors and overhead
For Alt. 1, the increased CSI-RS density also yields higher received signal power and, therefore, higher estimation accuracy for the CSI. However, an increased number of CSI-RSs yields a limited number of reuse factors and increased overhead. For Alt. 2, interference measurement REs can be frequency-shifted among multiple TPs, and if a larger number of reuse factors is required, different scrambling sequences among multiple TPs can be applied to achieve large reuse factors. Then, compared to Alt. 1, a larger reuse factor and smaller overhead could be achieved by flexibly assigning interference measurement REs. For Alt. 3, only frequency-shifted interference measurement REs can be applied among multiple TPs, so the number of reuse factors would be smaller than Alt. 2. For Alt. 4 and simplified Alt. 4, by applying random hopping (within restricted REs), a non-limited reuse factor can be achieved although the randomization effect is limited in simplified Alt. 4.

Table I shows an example of the number of reuse factors for Alts. 1 and 3. We assume the following based on the Rel-10 (zero-power) CSI-RS configurations, and assume the optimum density of interference measurement resources for Alts. 1 and 3 as N and M RE/PRB/port, respectively.
· Frame structure type 1

· Normal CP

· Number of CSI-RS ports: 1, 2, 4, and 8

· Duty cycle: T msec

For example, if we assume the duty cycles, N and M, of 5, 1, and 1, the respective numbers of minimum reuse factors for Alts. 1 and 3 become 25 and 100. Based on this, we believe that the number of required reuse factors for the enhanced interference estimation mechanism should be carefully investigated considering scenarios that require a larger number of reuse factors such as HetNet deployments.

Table I – Number of reuse factors for Alts. 1 and 3
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Proposal 2: The required reuse factors for the enhanced interference estimation mechanism should be carefully investigated considering scenarios that require a high reuse factors such as HetNet deployments.

Table II shows a summary of the above investigation for Alts. 1, 2, 3, and 4. Based on the investigations, we have a preference toward Alt. 2, Alt. 3, or simplified Alt. 4 considering the required reuse factor and overhead. To determine the final preference, further investigation considering the performance and cell planning effort is needed.
Table II – Comparison of Enhanced Interference Measurement Mechanisms
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Observation 1: We prefer Alt. 2, Alt. 3, or simplified Alt. 4 as an enhanced interference estimation mechanism in Rel-11 considering the required reuse factor and overhead.
3. Multiple Signal/Interference Measurement Mechanisms

To support multiple sets of CSI in Rel-11 CoMP such as CoMP and non-CoMP CSI, or intra-/inter-CoMP measurement CSI, the following configurations should be investigated to define the enhanced interference measurement mechanism.
· Multiple interference measurement resource configurations, e.g., multiple zero-power / non-zero-power CSI-RS configurations
· Association among multiple measurement resource configurations
In this section, we investigate these configurations considering multiple signal/interference measurement mechanisms in Rel-11.
3.1. Multiple measurement resource configurations
At the RAN1 #66bis meeting, multiple non-zero-power CSI-RS resource configurations were agreed upon for a Rel. 11 UE at least for CSI feedback [3]. By introducing multiple CSI-RS resources for signal measurement resource (SMR) and multiple interference measurement resource (IMR) configurations, multiple/flexible CSI could be achieved. For example, by signaling different SMR configurations for a UE as shown in Fig. 4, the UE could estimate an aggregated signal across multiple CSI-RS resources and a per-CSI-RS-resource signal. 
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Figure 4 – Multiple measurement resource configurations

3.2. Association among multiple measurement resource configurations
If multiple measurement resources can be configured for Rel-11 UEs, we should consider how to define a feedback mechanism for multiple sets of CSI. As shown in Fig. 5, if multiple SMRs and IMRs exist and are configured in different and/or the same subframe, some association mechanism for multiple measurement resource configurations would be useful to achieve multiple/flexible CSI feedback. One example is to define association information for SMRs and IMRs, and signal some association information to the Rel-11 UEs for each CSI reference resource in a UE-specific manner.
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Figure 5 – Association of multiple measurement resource configurations
Proposal 3: To support multiple sets of CSI in Rel-11 CoMP such as CoMP and non-CoMP CSI, or intra-/inter-CoMP measurement CSI, the following configurations should be investigated to define the enhanced interference measurement mechanism.
· Multiple interference measurement resource configurations, e.g., multiple zero-power / non-zero-power CSI-RS configurations
· Association among multiple measurement resource configurations
4. Conclusion

In this contribution, we presented our views on the enhanced interference measurement mechanism for Rel. 11. 
Proposal 1: If we define an enhanced interference measurement mechanism in Rel-11, the following alternatives are considered.

· Alt. 1: CSI-RS based interference measurement with increased CSI-RS density
· Alt. 2: Interference measurement-specific CSI-RS (one antenna port per TP without CDM)
· Alt. 3: Zero-power CSI-RS based interference measurement (PDSCH hole)
· Alt. 4: Zero-power CSI-RS (or CSI-RS) hopping among multiple TPs
Proposal 2: The required reuse factors for the enhanced interference estimation mechanism should be carefully investigated considering scenarios that require a high reuse factors such as HetNet deployments.
Observation 1: We prefer Alt. 2, Alt. 3, or simplified Alt. 4 as an enhanced interference estimation mechanism in Rel-11 considering the required reuse factor and overhead.
We also investigated how to support multiple sets of CSI in Rel-11.
Proposal 3: To support multiple sets of CSI in Rel-11 CoMP such as CoMP and non-CoMP CSI, or intra-/inter-CoMP measurement CSI, the following configurations should be investigated to define the enhanced interference measurement mechanism.
· Multiple interference measurement resource configurations, e.g., multiple zero-power / non-zero-power CSI-RS configurations
· Association among multiple measurement resource configurations
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Appendix: Simulation Assumptions for Evaluations in Section 2.1
Tables A.I gives the simulation parameters used in the evaluation. We assume a homogeneous network (Scenario 2), and evaluate both for single-point and CoMP transmission performance. In the CoMP transmission, the received power is estimated by a non-zero power CSI-RS in which the corresponding REs within the CoMP cooperating set are muted, and the interference power is estimated outside of the CoMP cooperating set. Figure A.1 shows the assumptions for SMR and IMR in our evaluations for each interference measurement mechanism. After the estimation of the received signal and interference power for all alternatives, averaging over one subband (6 PRBs) is calculated. For the conventional scheme, in a single-point transmission, the received signal and interference power are estimated from the non-zero power CSI-RS and CRS (with 3 dB power boosting), respectively. In the CoMP transmission, the received signal and interference power are estimated from the non-zero power CSI-RS. For Alt. 1, both the received signal and interference power are estimated from the non-zero power CSI-RS with a two times larger overhead (2 REs per PRB per antenna port) compared to Rel-10. For Alt. 2, the received interference power is estimated from the interference specific non-zero power CSI-RS. Making full use of the strong correlation between the two successive REs in the time domain, the interference equals the subtraction of a descrambled received signal from time-domain contiguous REs. We assume a different scrambling sequence for the interference specific non-zero power CSI-RS among all TPs in the single-point transmission, while we assume the same scrambling sequence among CoMP cooperating set. For Alts. 3 and 4,  the received interference power is estimated from the interference specific zero-power CSI-RS. 
Table A.I – Simulation Assumptions
	Carrier frequency
	2 GHz

	Cell layout
	Hexagonal grid, 19 cell-sites,
3 sectors per cell-site

	Inter-site distance (ISD)
	500 m

	Antenna configuration 
	Cross-polarized antenna
eNB: 0.5 wavelengths, 2 Tx: X  (+45/-45)

UE: 0.5 wavelengths, 2 Rx:  X (+45/-45)

	Antenna pattern at eNodeB 
(antenna gain)
	70-deg. sectored beam with tilt 
(14 dBi, etilt = 15 deg.)

	Subframe (TTI) length
	1 msec

	Transmission bandwidth 
	10 MHz

	RB bandwidth
	180 kHz (12 subcarriers)

	Subband bandwidth
	1.08 MHz (6 PRBs)

	Distance-dependent path loss
	128.1 + 37.6log10(r) dB

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Transmission power of eNodeB/ RRH
	46 dBm

	Channel model
	SCM-UMa with high angular spread, 3 km/h

	UE speed
	3 km/h

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1: Wideband PMI, subband CQI

	Number of CoMP coordination sets
	9 transmission points

	Handover hysteresis
	3 dB

	CSI-RS channel estimation
	Non-ideal as in [4] without a priori PDP information

	UE receiver assumption
	MMSE – option 1

	Threshold for cell-edge UE decision
	10 dB

	Modeling of interference outside area
	Gaussian distributed

	Propagation delay error
	Ideal

	Transmission mode
	TM 9 rank 1

	Configuration between CoMP cooperating sets
	Asynchronous
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(a) Single-point transmission
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Figure A.1  – Signal/interference measurement resource assumption
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