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1 Introduction

The agreements on Interference Measurement (IM) for CoMP from the RAN1#68bis meeting are as follows [1]:
	· At least one Interference Measurement Resource (IMR) can be configured for a Rel-11 UE

· FFS whether a maximum of only one or multiple IMRs can be configured for a Rel-11 UE

· Each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources

· FFS whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources

· FFS whether an IMR can have finer granularity than 4 REs/PRB

 


In this contribution, we will discuss the details of Interference Measurement Resource (IMR) for Rel-11 CoMP.
2 Resource for interference measurement

It was agreed at the RAN1#68bis meeting that each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources [1]. This means that two types of CSI-RS resources can be considered as IMR:
· Alt-1: Non-zero-power CSI-RS (NZP-CSI-RS) resources;

· Alt-2: Zero-power CSI-RS (ZP-CSI-RS) resource.

In the following, we will discuss in more details the two alternatives for IMR.
2.1 Alt-1: Non-zero-power CSI-RS resources
For NZP-CSI-RS based IM, UE can cancel the contribution from the CSI-RSs of target Transmission Points (TP) among the overall detected interference by performing some advanced algorithms (e.g. SIC). This is achieved after the channel estimation process invoked at the NZP-CSI-RS REs of the target TP(s).
Although no additional overhead is required for NZP-CSI-RS IM, the IM accuracy is subject to the performance of the channel estimator, in which the output may contain interference outside the CoMP measurement set. This may in turn have an impact on the CQI calculation. For example, if the estimated interference is lower than the actual interference level, the UE may report an over-optimistic CQI, which may lead to degraded BLER performance at UE. By contrast, an over-pessimistic CQI results in reduced spectrum efficiency. In order to tackle such issues, the requirements for UE have to be much more stringent than those for Rel-10, which increases the UE complexity and cost.
2.2 Alt -2: Zero-power CSI-RS resources
Another alternative is to use ZP-CSI-RS for IM. Since no signal is transmitted on the ZP-CSI-RS REs within the CoMP measurement set, the received transmission power measured on those REs can be considered as the actual interference outside the CoMP measurement set. In this case, as the IM results are independent from the channel estimator, more accurate measurement results can be obtained in comparison to the case of employing NZP-CSI-RS.
However, the issue of additional overhead should be carefully considered in Alt-2. It was agreed that the maximum size of CoMP measurement set is 2 or 3 [1], the associated overhead may be acceptable. For example, an overhead of about 0.48% for the smallest CSI-RS period of 5 ms per TP can be expected, which is further discussed in section 3.
2.3 Performance evaluations
In this section, we investigate the performance of the two IM methods mentioned. In this simulation, the throughput results were calculated with CSI-RS estimation errors and overhead taken into account. The CSI-RS channel estimation error was modeled as AWGN. More details of simulation assumptions can be found in the Appendix. 
The simulation results are summarized in table 1, it is observed that ZP-CSI-RS based IM outperforms the NZP-CSI-RS based IM.
Table 1. Simulation results for different IM schemes.

	IM schemes
	Cell average throughput (bits/s/Hz)
	5% cell edge throughput (bits/s/Hz)

	Alt-1: ZP-CSI-RS
	1.598
	0.042

	Alt-2: NZP-CSI-RS
	1.455
	0.033


Proposal 1: Zero-power CSI-RS is used for interference measurement in Rel-11.

3 IMR configuration 

In order to standardize a common feedback framework supporting various CoMP operations including joint transmission (JT), dynamic point selection (DPS), and coordinated scheduling/beamforming (CS/CB), a common IM framework should be designed. In this section, we will discuss the detail design of IMR configuration.

Without loss of generality, let us consider a case where a CoMP measurement set of two TPs (TP1 and TP2) is used. Let 
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 be the estimated channel matrix and the precoder matrix at TPi, respectively. Define R as the measured interference outside the CoMP measurement sets, and N as the noise. Different SINR corresponding to different CoMP scheme for a UE can be described as follows:
· For JT, as the interference comes only from outside the measurement set, the SINR can be defined by:
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· For DPS, if blanking is enabled for TP2, the interference only comes from other TPs outside the measurement set as JT. Otherwise, the signal from TP2 serves as interference. Thus, the SINR for DPS can be categorized into two cases:
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· For CS/CB, the interference within the CoMP measurement set may be eliminated to some extent. With a parameter 
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 representing the effect of  interference elimination, the SINR of  CS/CB can be defined as:
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From the above, it can be seen that the meaning of interference may be interpreted differently in the context of different CoMP schemes. The IMR should be able to support all kinds of interference measurement needed by various CoMP techniques.
Alt 2-1: Multiple ZP CSI-RS IMRs

The Multiple ZP CSI-RSs scheme in [2] is illustrated in Fig.1a, in which configuration -1 (CFG-1) and CFG-2 are use to estimate the channels of TP1 and TP2, respectively, while in addition CFG-3 and CFG-4 are used to measure the interference from TP2 and TP1, in case of blanking is not enable, and finally, CFG-5 is used to measure the interference outside the CoMP measurement set if TP1 and TP2 is blanking, or JT is applied.

Alt 2-2: One ZP CSI-RS IMR 

Alt 2-2 is showed in Fig.1b, in which CFG-3 is used to measure the interference outside the CoMP measurement set, while CFG-1 and CFG-2 can be used for channel estimation and IM simultaneously. More specifically, the signal received in CFG-1 can be considered as interference in cased of blanking of TP1 is not enabled, and the signal in CFG-1 can also be used for channel estimation at the same time.     
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Fig.1a Multiple IMRs configuration                               Fig. 1b One IMR configuration
The overhead of the above mentioned alternatives are listed in Table 1, by assuming the number of antenna ports for both TP1 and TP2 are  4.

Table 2. Overhead comparison with different IM alternatives

	
	Channel estimation
	Interference measurement
	Total

	Multiple IMRs
	8REs
	12REs
	20REs

	One IMR
	8REs
	4REs
	12REs


As shown in Table 2, one IMR scheme  may require lower overhead, while may achieve the similar performance as multiple IMRs configurations, more specially, only an overhead of 0.48% for CSI-RS with 5ms period per TP. Therefore, one IMR scheme is preferable
Proposal 2: Only one IMR per UE is configured for Interference measurement
4 IMR granularity

The granularity of ZP-CSI-RS is 4REs/PRB in Rel-10. It has been demonstrated in [3] that 2 REs/PRB may provide a similar performance as 4 REs/PRB, while the overhead can be further reduced. However, this will impact the current specification, and at the same time, signalling overhead of the ZP-CSI-RS will also increase. Furthermore, as mentioned above, the overhead of 4REs/PRB is already in an acceptable level. Therefore, it is better to keep the granularity of IMR as 4REs/ PRB.
Proposal 3: The granularity of IMR remains 4REs/ PRB
5 Conclusion

In this contribution, resource configuration methods for IM were analyzed and their system-level performances were compared. Our proposals are summarized as follows:

Proposal 1: Zero-power CSI-RS is used for interference measurement in Rel-11..
Proposal 2: Only one IMR per UE is configured for Interference measurement
Proposal 3: The granularity of IMR remains 4REs/ PRB
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Appendix

A.1 Simulation assumptions

	Parameter
	Values used for evaluation

	Performance metrics
	Average user throughput, cell-edge user throughput

	Deployment scenarios
	Homogeneous network with high Tx power RRHs

	Simulation case
	3GPP case 1

	High power RRH Tx power 
	46 dBm in a 10 MHz carrier

	Number of UEs per cell
	30

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	JT

	Impairment modelling
	- No CRS-PDSCH collision

- Timing error = 0 us

- Zero frequency offset


	CSI/CQI delay
	6 TTIs

	Overhead 
	3 OFDM symbols for DL CCHs, 2 CRS ports outside PDCCH region, 20 REs/RB every 10ms for CSI-RS, 24 REs/RB for DM-RS

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	4

	Number of antennas at UE
	2

	Antenna configuration
	2 columns, cross-polarized on each column, closely-spaced: X X

	Antenna pattern
	3D for macro eNB and high-power RRH

	eNB antenna tilt
	12 degrees for macro eNB and high-power RRH

	Antenna gain
	For macro eNB and high-power RRH: 17 dBi in 3GPP Case 1

	Feedback scheme
	Unquantized spatial channel feedback

	Channel estimation
	Non-ideal

	UE receiver
	MMSE
-IRC receiver

	Traffic model
	Full buffer

	Backhaul assumptions
	Point-to-point fibre, zero latency and infinite capacity
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