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1. Introduction
In RAN4 2010 AH#4, following LS was received from RAN1 [1] regarding resource specific CSI measurements:
· Patterns are semi-statically updated, i.e. not faster than existing Rel-8/9 X2 RNTP signals 

· One bitmap indicates the subframes which are ABS 

· A second bitmap indicates a subset of the subframes indicated by the first bitmap, which are recommended to receiving node for configuration of restricted RLM/RRM measurements 

· Serving cell indicates actual resources for RLM/RRM and CSI through RRC signaling (details below) 
· ….
· RRC signalling for CSI measurements

· UE is signalled across which resources interference can be averaged for CSI reports
· Details of how to modify the 36.213 CQI definition FFS

· Signalling details FFS in RAN1

· Performance requirements FFS in RAN4
In this contribution, we provide detailed analysis on possible RRC signaling for CSI averaging. In addition we provide candidate patterns for performance evaluation. Finally simulations were carried out to compare the performance of a UE with sliding window interference averaging and a Rel-10 UEs that obeys the resource restriction signaled by the network.
2. Discussion

Resource partitioning scheme allows for quick adaptive partitioning. In a typical mode of operation, UE would be signalled a set of resources where to perform RLM/RRM measurements that are not expected to change during the length of the connection. These resources are expected to have lowest interference level and therefore are suited for RLM/RRM measurements. Interference characteristics on other resources can potentially change quickly. Therefore, in order to provide accurate CSI feedback to the network, it is recommended that UE restricts interference averaging to the resources that are expected to exhibit similar interference characteristics.
Since ABS subframes are defined to follow the HARQ timeline, it is apparent that only interference averaging among subframes that follow HARQ timeline should be allowed. Averaging of interference among subframes with different interference characteristics should not be allowed. To make interference averaging framework generic for both FDD and TDD systems, we propose the following:

· Define groups of subframes where interference averaging is allowed 

· During CSI feedback configuration, include interference averaging group indication to UE
This means that CSI feedback configuration would then include definition of interference averaging groups. If interference averaging groups are not provided, UE can perform unrestricted interference averaging as it is allowed to do in Rel 8/9. However, if interference averaging group is defined, UE can only utilize subframes associated with the interference averaging group, and it is prevented from averaging interference outside the group. In the example shown in Figure 1, 50% of the subframes were signalled for RLM/RRC measurements, i.e., low interference is expected over these group of subframes. Other subframes are partitioned into 4 groups based on HARQ interlaces. A UE would be allowed to average over all subframes of the same group with some maximum averaging window restriction. 
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Figure 1 Interference averaging group for FDD.

In another example, if only 12.5% of subframes are indicated by RRC, i.e., 1 out of 8 HARQ processes, then there will be 8 interference averaging groups. In this case, no averaging of adjacent subframes is allowed by averaging cross the same subframes of the same interlace is allowed.

For TDD, similar interference averaging group could be defined based on the HARQ processes.
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Figure 2 Interference averaging group for TDD based on DL HARQ processes.

In summary, following proposals are made for interference averaging based on RRC signalled RLM/RRM pattern:

Proposal 1: Interference averaging for the purpose of CSI feedback can be restricted with RRC signalling, where interference averaging is only allowed within most recent N subframes of the interference averaging group.

Proposal 2: Interference averaging group is defined with a 40ms bitmap.

Proposal 3: Up to 8 interference averaging groups can be defined per UE.
Note that since interference averaging depends on UE implementation, a UE is allowed but never mandated to perform interference averaging cross interference averaging groups. A UE that that does single subframe Nt estimation should be allowed by this new CSI test. 

3. Candidate patterns
In [3] following bitmaps are proposed for RLM/RRM measurements in a non-MBSFN deployment. 
· FDD_ABS_1/8, with bitmap: [10000000, 10000000, 10000000, 10000000, 10000000]

· FDD_ABS_2/8, with bitmap: [11000000, 11000000, 11000000, 11000000, 11000000]

· FDD_ABS_4/8, with bitmap: [11001100, 11001100, 11001100, 11001100, 11001100]

If one of the three patterns should be considered, FDD_ABS_2/8 should be the prioritized. Due to signalling overhead and potentially battery consumption considerations, this signalled ABS pattern should not be changed quickly. This configuration is chosen since it’s at the low end of typical resources that an interferer gives up in hetnet deployment. 

In general, the true ABS interference pattern used in performance evaluation should be different from the RRC signalled pattern in order to capture the typical scenario of RRC signalling mismatch. For example, in this case FDD_ABS_4/8 could be used, which is a superset of FDD_ABS_2/8. 
In the case of TDD, following patterns could be considered:

· TDD_ABS_1/6, 
·  [0000000001, 0000000001] [also available for MBSFN]
·  [0100000000, 0100000000]
·  [0000100000, 0000100000] [also available for MBSFN]
· TDD_ABS_2/6, 

·  [0000100001, 0000100001] [also available for MBSFN]
·  [1100000000, 1100000000]
·  [0100100000, 0100100000]
·  [0100000001, 0100000001]
· TDD_ABS_3/6
·  [1100000001, 1100000001]
·  [0100100001, 0100100001]
Due to time limitation, no simulations are provided in this contribution for TDD CSI feedback performance.

4. Performance requirements
The purpose of defining CSI feedback performance requirements is to verify accurate feedback of the channel state. In a baseline homogeneous networks, CSI feedback accuracy is either defined based on BLER or throughput. For the BLER test, it’s expected that CQI+1 or CQI-1 should bound the BLER at above and below 10%. Throughput tests have been used over fading channels to check the overall UE performance with respect to channel and interference variation in frequency, time and spatial domain.
eICIC CSI feedback does not need to duplicate existing requirements, but rather need to check the interference averaging behavior. We propose the following setup for time varying interference:

· UE is subjected to AWGN interference and time varying interference from an interfering cell at 15 dB SNR.

· Time varying interference corresponds to ABS pattern of [11001100]

· Channel between both serving and interfering cells are TU3.

· Scheduler select the maximum TBS corresponds to latest CQI, and CQI ±1.

· Both throughput and BLER statistics are logged.

Table 1 Additional simulation assumptions
	Parameter
	Unit
	Baseline
	eICIC

	Bandwidth
	MHz
	10 MHz
	10 MHz

	Transmission mode
	 
	1 (port 0) 
	1 (port 0)

	ABS pattern
	 
	None
	[11001100]

	Noise level
	dB[mW/15kHz]
	-98
	-98

	Interferer level
	dB[mW/15kHz]
	None
	Three levels at [-5, 5, 15] -98

	Signal level
	dB[mW/15kHz]
	Sweep [-5:2:15]-98
	Sweep [-5:2:15]-98

	CQI Reporting period
	ms
	2
	2

	CQI reporting phase
	subframes
	Even
	Even

	CQI reporting delay
	ms 
	4
	4

	Scheduling delay
	 ms
	4
	4

	Reporting mode
	 
	PUCCH 1-0
	PUCCH 1-0

	Propagation channel
	 
	TU3 
	TU3

	Max number of HARQ transmissions
	 
	1
	1

	EVM
	 
	6%
	6%


5. Simulation results

In this section, we compare two receivers that have different Nt averaging implementation: single subframe Nt estimation and sliding window 2 subframe interference averaging. Since the CQI reporting is configured to be on the even subframes, a sliding window Nt estimator is expected to be thrown off due to averaging of 0 and 1 subframes in the designated interference pattern [11001100]. We hope simulation results could differentiate this bad receiver.
In Figures 3 and 4, the BLER and throughput performance for single cell simulation and 15 dB interference are shown. 
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(a) No interference                                                       (b) 15 dB interference
Figure 3 BLER performance
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(b) No interference                                                     (b) 15 dB interference
Figure 4 Throughput performance
Figure 3(a) shows that both single subframe and 2 subframe averaging satisfy the CQI-1, CQI+1 10% BLER limit rule for SNR > -3 dB, below which the MCS selection becomes too limited to lower the BLER. Figure 3(b) shows that single subframe averaging has an increased positive bias, i.e., CQI reporting is more optimistic due residual CRS interference that’s not captured. However the bias is moderate enough that CQI-1 still keeps BLER below 10% for most of the SRN range. On the other hand, 2-subframe averaging CQI reporting is too conservative due to the inclusion of normal subframe. As a result CQI+1 still have negligible BLER and fails the test.
The throughput plots in Figure 4 further capture the UE performance impact with open loop scheduling and no HARQ. In this case, the CQI bias of -1, 0 and 1 are used to calibrate out the inherent bias of the reporting. To evaluate the performance, the best throughput should be compared. In the case of single cell simulation 4(a), the best performance is with 0 bias for both receivers and the throughput difference is minimal. In the case of 15 dB interference  4(b), the best throughput for single subframe averaging corresponds to -1 bias and the best performance for 2 subframe averaging corresponds to +1 bias. In terms of absolute throughput, the single subframe averaging receiver out performs the other receiver by 3+ dB.

Additional simulation results with moderate interference of -5 and 5 dB are also included in the appendix.

6. Conclusions

In this contribution, we proposed the CSI averaging rule with RRC signalled interference averaging pattern, which could be derived from RLM/RRM measurement restriction. More specifically the following rules are proposed:

Proposal 1: Interference averaging for the purpose of CSI feedback can be restricted with RRC signalling, where interference averaging is only allowed within most recent N subframes of the interference averaging group.

Proposal 2: Interference averaging group is defined with a 40ms bitmap.

Proposal 3: Up to 8 interference averaging groups can be defined per UE.
We also provided candidate patterns to use for simulation calibrations. Simulations are provided to compare spec compliant and non-compliant receivers (single subframe Nt average and sliding window 2-subframe Nt averaging). It was shown that both BLER and throughput metrics could be used to differentiate the bad receiver under time varying interference. 

We recommend the group to follow similar methodology for CSI performance requirements definition.
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(c) -5 dB interference                                                       (b) 5 dB interference

Figure 3 Additional BLER performance
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(d) -5 dB interference                                                     (b) 5 dB interference

Figure 4 Additional throughput performance
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