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Discussion
1
Introduction
Issues with DL MIMO performance have been discussed in the context of real-life network deployments of MIMO. These issues have included; timing misalignment, rank reporting, and interference measurement. As pointed out from the contributions [1]-[2], interference measurement capability at the UE receiver becomes more significant for DL MIMO performance when new deployment scenarios, such as scenario C, are considered.

This contribution investigates the interference measurement capability available in the legacy LTE network, and potential improvements which may be considered in Rel-11. 

2
Interference measurement in Rel-11

Interference measurement at the UE receiver is required for CSI feedback such as CQI/PMI, and Rank Indication (RI). It has been reported [3] that an inaccurate estimation of inter-cell interference leads to serious throughput loss due to either pessimistic or optimistic CQI, and/or RI, reporting. This loss may be more significant for an interference limited situation. Therefore, an enhanced interference measurement capability has been considered as one of the more important UE receiver design objectives.
CRS-based interference estimation

Interference estimation based on the CRS may perform well in a homogenous network with relatively large ISD (Inter-Site Distance). For this scenario, CRS collisions between the neighbouring cells may be mitigated by utilizing a v-shift in the cell planning. However, there may be a high possibility of significant interference occurring from the CRS of neighbour cells when considering new deployment scenarios including heterogeneous, and small cell deployments. This can be attributed to the limited availability of v-shift’s in these scenarios (e.g., v=3 in 2Tx CRS ports). This may result in an interference imbalance between the CRS, and PDSCH, so that the CQI mismatch could be significant as discussed in previous releases [4], furthermore the impact from CQI mismatch could get more significant in new network deployment scenarios in Rel-11. 

In addition, the CRS couldn’t be used for interference estimation in a specific network deployment scenario such as geographically separated antenna ports with same cell-ID since antenna port level interference couldn’t be separated from CRS assuming that CRS ports are transmitted in all antenna ports in the same cell to achieve SFN gain, and the geographically separated antenna ports are differentiated by CSI-RS port.

Observation 1:

CRS-based interference estimation may not work properly due to its limited number of pattern reuse in new deployment scenarios.

CSI-RS-based interference estimation

CSI-RS can be considered for interference measurement since it provides a large pattern reuse. This is supported by noting that CSI-RS is transmitted with a high duty cycle, and the possible CSI-RS pattern reuse may be up to 20 in a subframe using Frame Structure 1. Considering this at least 100 cells may have CSI-RS patterns which do not collide in a synchronous network deployment with 2Tx CSI-RS ports, and assuming a 5ms duty cycle. Note that a 5ms duty cycle is the shortest duty cycle defined in Rel-10. Therefore, the CSI-RS may overcome the drawback of the CRS, which has a very limited reuse pattern when considering the new deployment scenarios.

However we note that the number of CSI-RS samples for interference measurement is quite limited, since the CSI-RS has been designed for a minimum reference signal overhead in order to increase downlink resource utilization. Note that one RE per PRB-pair is only available for a CSI-RS port so that a CSI-RS port is transmitted with 12 subcarrier spacing which is much larger than the coherence bandwidth of an ETU channel [5]. Therefore, a proper signal separation between CSI-RS signals, and neighbour cell interference, is not even possible if the channel delay spread is large. In addition, time samples are also not enough if long duty cycle is configured.

Observation 2:

The number of CSI-RS samples for interference measurement may not be sufficient especially in channels with large delay spread.
Null RE-based interference estimation

RE muting can be used for the inter-cell interference measurement to enhance the measurement accuracy. Since there is no serving cell signal in the muted REs, the inter-cell interference measurement will be accurate while UE receiver design could be simpler. In order to avoid legacy UE impact, a zero-power CSI-RS can be reused for interference measurement purpose. However, it should be ensured that the RE muting patterns do not collide with each other so that the UE can measure the interference.  

Observation 3:
The null RE (e.g., zero-power CSI-RS) can be considered for interference measurement in Rel-11.

3
Performance evaluation

In this section, we investigate the performance of the three different interference measurement methods as discussed in the previous section, i.e.

· CRS-based interference estimation

· CSI-RS based interference estimation

· ZP CSI-RS (i.e., zero-power CSI-RS; Null RE) based interference estimation

In this study, the MSE of each estimator is used as the performance metric for interference measurement accuracy comparison. Detailed link level simulation assumptions are listed in Appendix.

Figures 1 and 2 show the MSE performance of various interference measurement schemes for ETU and SCM channel models, respectively. In these figures, for both CSI-RS and ZP CSI-RS-based schemes, the MSE performances for various duty cycles are shown.

As seen from the results the CSI-RS-based interference measurement approach shows the worst performance among the three schemes regardless of the duty cycle. This implies that interference measurement based on the CSI-RS is too inaccurate that even time domain averaging may not help to improve the accuracy. The inferior performance of the CSI-RS based scheme can be attributed to the time/frequency sparse nature of the CSI-RS samples that results in availability of insufficient statistics for measurement. 

Also note from the results that the interference measurement scheme based on the zero power CSI-RS shows the best performance even for duty cycles of up to 20ms. As for the CRS-based interference measurement scheme, it provides a reasonable performance which implies that the density of CRS is sufficiently high to allow proper interference covariance matrix estimation. However, the UE may not be able to rely on the CRS in the new scenario with geographically separated antennas sharing the same cell ID wherein the PDSCH is being transmitted from a subset of the transmission points.
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Figure 1: The MSE performance of various interference measurement schemes for ETU channel
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Figure 2. The MSE performance of various interference measurement schemes for SCM-C channel

Observations:

· Interference measurement based on the CSI-RS performs worst regardless of the duty cycle due to its time/frequency sparse pattern.

· The CRS-based interference measurement scheme provides reasonable performance as long as the UE can confidently rely on CRS.

· Interference measurement from ZP CSI-RS provides the best performance as long as the duty cycle is equal or less than 20ms.

4
Conclusions

In this contribution, we investigated the potential improvement of the interference measurement accuracy in Rel-11. From the discussions and the performance results, our conclusions are as follows:

· The CRS may not be used for interference measurement in new deployment scenarios due to the limited number of reuse patterns.

· Interference measurement based on CSI-RS may not provide the desired level of accuracy due to the lack of CSI-RS samples.

· Interference measurement based on ZP CSI-RS can be considered as a candidate to achieve an accurate interference measurement in Rel-11.
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Appendix

Table 1 Simulation Assumptions

	System Bandwidth
	10MHz

	Antenna configuration
	2x2

	Number of CRS port
	2

	Number of non-zero power CSI-RS port
	2

	Number of zero power CSI-RS port
	4 (one configuration)

	Duty cycle for (ZP) CSI-RS
	5, 10, 20, 40 [ms]

	Serving cell channel models
	TU (ULA) and SCM-C (X-pol)

	Interfering cell channel model
	Same as the serving cell

	Number of interfering cell
	1

	Velocity
	3Km/h


