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1. Introduction
The CQI related interference measurement has been discussed in recent RAN1 and RAN 4 meeting [1,2,3,4]. Beside some conceptual confusion on “reference period”, a general agreement has been achieved between RAN 1 and RAN 4, which is the “Approach A” will be adopted, i.e. in [1]

Approach A: The reference period of CQI in frequency is given by CQI reporting bandwidth. The reference period of the interference part in frequency may be implicitly specified by RAN4 test on CQI. 
However, following this decision, a consensus on interference measurement is necessary in RAN 4. In this paper, we first clarify the conceptual confusion on “reference period” and “observation interval”. After that, we suggest a new interference measurement over a number of subbands. 

2. Definition clarification of reference period and CQI
In recent RAN 1 and RAN 4 contributions on CQI signal and interference measurement, the term, reference period, is used to defined the time/frequency window where the signal power and interference level are measured. Based on these measurements, the CQI is calculated. However this is different from the terminology in the specifications [5]. In Clause 7.2.3 in [5], the CQI is defined as:

Based on an unrestricted observation interval in time and frequency, the UE shall report the highest tabulated CQI index for which a single PDSCH sub-frame with a transport format (modulation and coding rate) and number of REs corresponding to the reported or lower CQI index that could be received in a 2-slot downlink subframe aligned, reference period ending z slots before the start of the first slot in which the reported CQI index is transmitted and for which the transport block error probability would not exceed 0.1.
So the signal and interference is assumed to be measured in so called “observation interval”, but not “reference period”. Even though, the above definition is hard to read.  Motivated by the CQI definition in [6], we suggest rephrasing the above sentences as:

Based on an unrestricted observation interval in time and frequency, the UE shall report the highest tabulated CQI index for which a single PDSCH sub-frame with a transport format (modulation and coding rate) and number of REs corresponding to the reported (or lower) CQI index could be received with individual transport block error probability not exceeding 0.1 in a downlink subframe (also referred to as a reference period) ending z slots before the start of the first slot in which the reported CQI index is transmitted.
For convenience, the CQI definition in [6] is given below.

Based on an unrestricted observation interval, the UE shall report the highest tabulated CQI value(s) for which a single HS-DSCH sub-frame formatted with the set of transport block size(s), number of HS-PDSCH codes and set of modulation(s) corresponding to the reported CQI value(s) could be received with individual transport block error probabilities not exceeding 0.1 in a 3-slot reference period ending 1 slot before the start of the first slot in which the reported CQI value(s) is/are transmitted.
3. Comments on interference measurement
As shown in [3], the RS in one cell will always be hit by other cells’ RSs in a synchronized network. In a realistic network, cells will not be fully loaded with data meaning the data symbols will see less interference than the RSs. Hence, if the interference level is estimated on the RSs, it will overestimate the interference seen by data. To solve this issue, it was suggested to allocated a number of empty REs hopping over the RE grid, on which the interference measurement could be performed. However, this idea can be seen as an optimization and as input to the Release 9 work. 

To alleviate the issue of RSs being interfered by RSs in other cells, RSs can be shifted in frequency. However, interference is expected to be very varied over the frequency band and over time due to the bursty nature of packet traffic. Options to make the interference measurement more stable are averaging either over time or frequency. These issues has been addressed in [2,4]. It was claimed that a gain in UE throughput can be seen by averaging the interference over the whole bandwidth comparing to interference measurement in the subband, although the gain is only significant at lower UE throughput level and it decreases as the loading in the interference cells decreases. System-level simulation results shown in Figure 1 question this result by showing that frequency-domain averaging over the entire bandwidth gives very similar system and user performance to the case of averaging interference only per subband. The performance varies with the system load, but no overall conclusion on superiority of frequency-domain averaging can be seen. 

Figure 1 refers to a synchronized network where interference is measured on the shifted cell RSs. Detailed simulation assumptions are found in Table 1.
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Figure 1: Simulation results comparing no interference filtering with interference filtering over the whole bandwidth.

Table 1: Simulation assumptions.

	Traffic and Mobility Models

	User distribution
	Uniform

	Terminal speed
	3 km/h

	Data generation
	File download traffic model, each user downloads one file of size 2 MBit.

	Radio Network Models

	Distance dependent path loss
	L = 15.3+20+37.6*log(d), d = distance in meters

	Shadow fading
	Log-normal, 8dB standard deviation

	Multipath fading
	SCM Suburban Macro

	Cell layout
	Hexagonal grid, 3-sector sites, 21 sectors in total

	Inter-Site Distance (ISD)
	500m

	General System Models

	Spectrum allocation
	5MHz

	Base station power
	20W

	Max antenna gain
	14dBi

	Modulation and coding schemes
	QPSK, 16QAM, and 64QAM, Rel-6 turbo codes, rates 0.07 0.09 0.11 0.13 0.16 0.20 0.24 0.29 0.35 0.41 0.49 0.56 0.64 0.72 0.79 0.86 0.91 0.95 0.97

	Channel estimation
	Ideal

	Channel quality estimation
	Measurement period of 5ms, measurement error N(0,0.5) in dB-scale independent between RBs

	Reuse
	Uncoordinated reuse 1

	Traffic load
	User arrival intensities of [0.25 0.5 1 1.5 2] user/s/cell, which together with a file size of 2MBit/user gives offered loads of [0.25 0.5 1 1.5 2]*2 = [0.5 1 2 3 4] Mbps/cell.  

	HARQ
	Yes

	CQI and PMI granularity
	CQI subband size 4 RB, wideband PMI

	Feedback delay
	3 subframes

	E-UTRA Characteristics

	Transceiver antennas 
	2x2 (antenna separation: tx 10 λ, rx 0.5 λ)

	Receiver
	MMSE  

	Scheduler
	PFTF (not important in low load scenario)

	Link adaptation
	Initial MCS selection with BLER target of 10%


In addition, wideband-only interference estimates destroys future possibilities to do clever intercell interference coordination, allowing eNBs to dynamically avoid highly interfered subbands without X2 signalling. It is therefore suggested not to do frequency-domain averaging over the whole bandwidth.
Another argument that has been brought forward for frequency-domain averaging over the entire bandwidth is that a measurement taken only over one subband might suffer from a large measurement error. To combat this, we open up for discussion on time averaging and/or frequency averaging over parts of the bandwidth. The filtering period in time and the size of the frequency part is FFS. Comments on this idea are welcome.   
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