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1 Introduction

In RAN 4 66 a discussion started in RAN 4 about how to handle the interference averaging for the purpose of CQI computation. 
In Rel-11 the concept of IMR based measurement has been introduced in order allow for, depending on the capability of the UE, CQI reporting based on several interference hypothesis. The UE has the capability to support only single CSI process (single interference hypothesis, according to feature group 7-0) or several interference hypothesis (as for feature group 7-1). IMR should be used to measure the interference rather than CRS which may lead, depending on the scenario to highly erroneous estimated interference level with respect to the interference observed on PDSCH, thus providing suboptimal performance. The support of multiple interference hypotheses is a corner stone in the Rel-11 CoMP feedback design and constitutes one of the main reasons for introducing the new IMR based interference measurements.

The current situation allows for CQI computation based on an unrestricted observation interval; this leaves the UE behavior completely unspecified; i.e. some UEs may use aggressive filtering leading to very stable interference estimates while other UEs may choose to try to better track more rapidly the interference variations. This leads to highly inconsistent UE behavior in the network which in turns makes it impossible to achieve maximal performance in terms of cell/user throughput due to lack in network optimization for all the UEs in the network. This affects both legacy and rel-11 UE. On top of that for Rel-11 UE unspecified averaging may lead to wrong CQI reporting because interference conditions can dynamically radically change. 

So we think that it is important to have a well defined interference averaging behaviour for both legacy and rel-11 UEs. Paper [1] provides more extensive justifications and detailed proposals.
This paper provides simulation results in order to show the impact of filtering on cell throughput.
2 Simulation results

Table 1 provides the simulation assumptions:

Table 1: System level assumptions.

	General parameters

	Carrier frequency
	2 GHz

	Transmission Mode
	TM 10

	Bandwidth
	10 MHz

	Macro cell layout
	Hexagonal grid, 3-sector sites, 57 sectors

	Indoor/Outdoor UEs
	80% indoor, 20% outdoor

	Channel model
	ITU Urban Macro with O to I modeling

	Nr of RBs per subband
	6

	Traffic Model 
	FTP type 1, 50 kbyte

	Control region overhead
	3 OFDM symbols per subframe

	DMRS overhead
	Yes

	Feedback delay
	6 subframes

	Feedback periodicity
	Every 5 subframe 

	Cell selection
	RSRP, 1 dB handover margin

	Scheduling
	PFTF

	Outer Loop Link Adjustment
	Yes, 10 % target BLER

	HARQ
	Yes, max 5 retransmissions

	Receiver filter
	MMSE with non ideal IRC (Wishart matrix model)

	Feedback modes
	3-1

	UE speed
	3 km/h

	UE antenna configuration
	3D isotropic X pole

	Macro antenna configuration
	Cross polarized setup, 11°downtilt

	Macro point transmit power
	40 W

	MU-MIMO
	Not enabled

	CSI feedback impairment modelling
	Realistic CSI-RS and realistic CSI-IM


For these results we have simulated plain per point scheduling (no DPB used).

Figure 1-4 provides the results in terms of served traffic, Normalized user throughput gain, cell edge normalized throughput gain and resource utilization increase for different filter length in the UE and different loads in the cells simulated (30, 50 and 75%). ‘x’% resource utilization means that on average over time, frequency and over macros there are x% of the macros transmitting DL data. We provide relative results wrt the performance obtained when the UE does not do any averaging in time domain (filter parameter 0). The parameter associated with the filter length is a ‘remembering factor’, i.e. 0.9 means that 90% of the interference estimates (x) is kept from previous measurements and only 10% of the new measurement (y) is included, according to the following equation

x(k) = 0.9*x(k-1) + 0.1*y(k)

The feedback delays are 6 ms delay and 5 ms periodicity. It is assumed that mismatch between reported CQI and actual channel conditions due to delay is handled by the OLLA. The OLLA parameterization is fixed and configured to 10% target BLER.
From the figures below it can be seen that the performance loss increases with increasing load (up to 75%). Interference averaging is less problematic in low loads since the interference level is lower and more UEs are noise limited. Only in one case some limited amount of interference averaging (0.5) for 75% traffic load provides some gain, in all other simulated cases interference averaging does not provide any benefit, on the contrary it degrades the performance (up to 25% loss for 75% load and large filtering).  At extreme condition of very large traffic load (in the limit of 100%) or very low load where the interference level is constantly low, then interference filtering does not harm. However, in the situation of medium/high range of traffic loads where the interference levels varies a lot over time and is sufficiently strong to make a majority of the users interference limited, filtering is problematic as shown by these figures.
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Figure 1. Served Traffic.
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Figure 2. Normalized User Throughput gain
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Figure 3. Cell edge Normalized User Throughput gain
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Figure 4. Cell edge Normalized User Throughput gain

3 Conclusions

As it can be seen from these simulations in the case of relatively dynamic traffic, in the range of medium/high traffic loads where the interference levels varies a lot over time interference filtering is problematic.

If the UE behaviour is not well specified there is the risk that end user will experience performance loss.
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