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1
Introduction
In RAN1 #67 meeting, the followings have been captured in Chairman’s note as an outcome for the study of interference measurement in Rel-11:
Conclusions:

· The support provided in Rel-10 for interference measurements is not satisfactory for Rel-11.

· Interference measurements using CRS REs alone are not satisfactory for Rel-11.

Agreement:

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

In this contribution, we further investigate the potential candidates for the UE-specifically configurable REs for interference measurement.

2
Interference Measurement in Rel-11
So far, several reference resource candidates for interference measurement have been proposed including:
· CRS REs

· CSI-RS REs

· Modified CSI-RS REs (i.e., doubled frequency granularity)

· ZP-CSI-RS REs

As CSI-RS and zero-power CSI-RS can be configurable in a UE-specific manner, the CSI-RS or zero-power CSI-RS REs could be considered as potential candidates in line with the agreement.

CSI-RS REs
The CSI-RS REs specified in Rel-10 can be used as it is for interference measurement since it provides a large pattern reuse with its duty cycle and time/frequency configuration. However, it has been shown that the interference measurement accuracy from CSI-RS is significantly degraded as compared with that from CRS due to its frequency sparse granularity. As this problem has been reported and observed since Rel-10 from contributions [1]-[4], it is natural to preclude the Rel-10 CSI-RS REs from the candidates in order to allow proper interference measurement at a UE receiver.
Proposal-1: the Rel-10 CSI-RS REs should be narrowed down from the candidates of reference resource for interference measurement.

Modified CSI-RS REs
As the Rel-10 CSI-RS REs may not provide proper interference measurement accuracy due to its frequency sparse pattern, the increased frequency granularity of Rel-10 CSI-RS has been proposed as a modified CSI-RS. Since the frequency granularity is increased, the interference measurement accuracy as well as channel estimation performance becomes better especially in highly frequency selective channels. However, during Rel-10 CSI-RS study, it has been observed that the channel estimation accuracy with 6 subcarrier spacing (modified CSI-RS) may not provide noticeable gain as compared with 12 subcarrier spacing (Rel-10 CSI-RS), since CSI feedback granularity even for subband reporting is relatively coarse to enjoy the accurate channel estimation performance. Therefore, in this study we may focus on the aspect of interference measurement accuracy only.
Since modified CSI-RS requires doubled overhead as compared with Rel-10 CSI-RS, the available number of CSI-RS pattern reuse will be decreased. Also, if multiple types of interference due to different interfering transmission point set need to be measured, the modified CSI-RS requires higher overhead as well. Therefore, the modified CSI-RS seems to be inappropriate as a reference resource for interference measurement unless it provides significant improvements of interference measurement.
Proposal-2: the increased CSI-RS overhead should be also precluded unless it provides significant interference measurement accuracy improvement.
ZP-CSI-RS REs
It has been shown that the null RE based interference measurement provides reasonable performance even with small number of null REs [3] since the serving cell signal doesn’t need to be filtered out for interference measurement, thus resulting in simpler UE receiver implementation as well. To enable null RE based interference measurement with minimal legacy performance impacts and specification efforts, the zero-power CSI-RS seems to be the proper choice as a starting point as it is already available in the specification.
Proposal-3: the zero-power CSI-RS should be considered as reference resource for interference measurement as a starting point.
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Simulation Results
In this section, we evaluate the performance of the reference resource candidates for interference measurements in link-level. Two interfering cells are assumed and one of interfering cell has no traffic for PDSCH and the same v-shift of CRS as for the CRS in the serving sell and the other interfering cell has full buffer traffic with different v-shift of CRS. For the ZP CSI-RS, CSI-RS and modified CSI-RS, 10ms duty cycle is assumed with 4 antenna ports. Further details of the simulation assumptions are listed in the table 2.
Table 1. NMSE of interference measurement performance [dB].

	
	EPA 5
	ETU 5

	ZP CSI-RS
	-8.5
	-11

	CSI-RS
	-7.1
	-8.5

	Modified CSI-RS
	-7.4
	-8.5

	CRS
	0.6
	0.8


ue to tmistic interference measurement accuraycment from CRS REs ble 2. with 4 antenna ports.  the serving sell while 11. l. es
As seen in the table 1, the CRS based interference measurement performs worst due to pessimistic interference reception at the CRS REs since one of interfering cell CRS has the same v-shift with no PDSCH traffic. The ZP CSI-RS provides overall best performance and the gap gets more significant as the frequency selectivity becomes higher. In addition, minor gain is observed from the increased CSI-RS overhead as well.
4



Conclusions

In this contribution, we discussed and evaluated the potential reference resources for interference measurement in Rel-11. From the discussions and observations, we propose followings:

Proposal-1: the Rel-10 CSI-RS REs should be narrowed down from the candidates of reference resource for interference measurement.

Proposal-2: the increased CSI-RS overhead should be also precluded unless it provides significant interference measurement accuracy improvement 
Proposal-3: the zero-power CSI-RS should be considered as reference resource for interference measurement as a starting point.
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Appendix

Table 2 Simulation Assumptions

	System Bandwidth
	5MHz

	Antenna configuration
	4x2

	Number of CRS port
	4

	Number of non-zero power CSI-RS port
	4

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

	Duty cycle for (ZP) CSI-RS
	10 [ms]

	Serving cell channel models
	ETU and EPA

	Interfering cell channel model
	Same as the serving cell

	Number of interfering cell
	2

	Velocity
	3Km/h


