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1. Introduction
In Rel 11, CSI-IM measurement resources where introduced to assist the UE to do better interference estimation and measurements. RAN1 specification (36.213) leaves the measurement interval for CSI-IM resources a UE implementation:
“Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15…”

Several RAN1 contributions (R1-125200 and R1-125051) discussed the option to restrict the UE CSI filtering in time and frequency, and the topic was further discussed in RAN Plenary #58 where it was decided that RAN4 evaluates the performances of different CSI interference averaging implementations. An LS to RAN1 with the findings will then follow.

In this paper, discussion and link level simulation results for CRS-based modes are provided. Interference averaging for CSI-RS and CSI-IM based modes is also discussed.
2. CRS-based Interference Averaging
For CRS-based modes, UE link level simulations below show the gains achieved with CSI filtering. Figures 1 and 2 show link level simulation results (simulation assumptions in Appendix) for AWGN and explicit interferer with 50% loading. It can be seen that interferer filtering (in time domain) increases the performance. Frequency domain filtering is fixed for all scenarios.
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Figure 1: TM2 with AWGN and 50% loaded interference
[image: image3.emf]-5 0 5 10 15 20 25 30

0

5

10

15

20

25

1cell TM6 Serving, EVA5L, HARQ OFF

Serving SNR (dB)

PDSCH Throughput Mbps

 

 

With CQI Filtering

Without CQI Filtering

[image: image4.emf]0 5 10 15 20 25 30 35

0

5

10

15

20

25

2cell TM6 Serving, TM4 Interf 50% Load, EVA5L, HARQ OFF

Serving SNR (dB)

PDSCH Throughput Mbps

 

 

With CQI Filtering

Without CQI Filtering


Figure 2: TM6 with AWGN and 50% loaded interference
In the case of AWGN interferer, filtering is needed to account for channel variations and helps reduce the SNR (CQI) variance. This will help in preventing overshooting the CQI with higher BLER and lower overall performance. 
Same argument can be made with the case with an explicit interferer where filtering helps reducing the variance of SNR (CQI) and prevents CQI overshooting. In the 50% loading case, it helps reducing channel and interference variations. 
Figure 3 shows the CQI histogram for one serving cell SNR point. It can be seen that the high CQI values (which can result in high BLER and impact performance) are reduced. 

Observation 1: For RS-based modes, CSI filtering reduces the channel and interferer variations and helps reduce the SNR (CQI) variance resulting in fewer instances where the CQI can overshoot increasing the BLER and reducing performance.
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Figure 3: TM2 Filtering effect on CQI distribution

3. CSI-RS and CSI-IM based Interference Averaging

For modes using CSI-RS and CSI-IM, UE may be configured to report multiple CSI reports measuring different interference structures. Filtering CSI in these cases rely heavily on the level of transmission point coordination. 
In cases where very tight transmission point coordination is implemented across a large geographical area, UE CSI filtering may not be required. Here, the interference is controlled by the network and the UE can rely on this coordination. In these cases the network needs to know exactly what the interference the UE is seeing per CSI report without any significant time or frequency filtering to better decide on TP scheduling. Filtering in these cases may not give the network a true picture of the interference as the CQI can become noisy and not reflective of the latest measurement. 
Observation 2: UE CSI filtering may not be needed for CSI-RS and CSI-IM based modes where very tight TP coordination and minimal uncontrolled interference exists.
Other cases where tight TP coordination is not implemented or CoMP cluster size is moderate, UE CSI filtering can help with the performance.  In CoMP scenarios 1, 2, 3, 4, the cluster size is limited to 3, 9 or 1 macro cells; hence residual interference outside the CoMP cluster could be significant for many UEs. In these UEs, they can benefit from CSI filtering to control the interference variation. This can be thought of to be similar to the CRS-based modes, where CSI filtering increases the performance by reducing the channel and interferer variations and help control the SNR and CQI sent to the network. 
Observation 3: UE CSI filtering may be needed for CSI-RS and CSI-IM based modes where tight TP coordination is absent or significant uncontrolled interference exists.

From the above argument, it can be seen that the effect of having or not having UE CSI filtering is not the same in all cases. There might be cases where filtering is not needed and cases where it is needed. This can depend on the coordination level as well as the network control on the interference. 

Observation 4: For CSI-RS and CSI-IM based modes, UE CSI filtering can help in certain scenarios, and may not help in others.

Because of this we propose that for CSI-RS/CSI-IM based modes, the network signals the filtering behavior to the UE based on the deployment and the network knowledge of the interference structure. This will help the UE in achieving the maximum performance in all conditions.

Proposal: Network sends signaling information to the UE specifying the filtering behavior needed based on the deployment and the network knowledge of the interference structure.
4. Conclusion
In this contribution we provided simulation results for CRS-based modes showing the performance increase with UE CSI filtering in time domain. 
Observation 1: For CRS-based modes, CSI filtering reduces the channel and interferer variations and helps reduce the SNR (CQI) variance resulting in fewer instances where the CQI can overshoot increasing the BLER and reducing performance.

Observation 2: UE CSI filtering may not be needed for CSI-RS and CSI-IM based modes where very tight TP coordination and minimal uncontrolled interference exists.

Observation 3: UE CSI filtering may be needed for CSI-RS and CSI-IM based modes where tight TP coordination is absent or significant uncontrolled interference exists.

Observation 4: For CSI-RS and CSI-IM based modes, UE CSI filtering can help in certain scenarios, and may not help in others.

Based on the above observations, we recommend taking the following proposal into consideration.
Proposal: Network sends signaling information to the UE specifying the filtering behavior needed based on the deployment and the network knowledge of the interference structure.
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Appendix

Link level simulation assumptions used for CRS-based interference averaging.
	Parameter
	Scenario 1 (TM2)
	Scenario 2 (TM6)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM2
	TM6

	Transmission mode in interfering cell
	TM3
	TM4

	MIMO configuration
	2x2, low correlation

	Channel model and Doppler frequency for serving and interfering cells
	EVA 5Hz

	Number of interfering cells
	(AWGN and 1 interfering cell)

	Network synchronization
	All cells are synchronous

	Geometry
	[-4:2:30] dB

	DIP values (when data is present in interf)
	DIP1=-1.73dB

	CRS configuration
	2 CRS ports per cell with planning, non-colliding CRS

	Resource allocation
	47 PRBs

	Subframes for demodulation
	All subframes except subframe #0 and #5

	HARQ
	8 HARQ processes and max 0 transmissions

	Physical channels transmitted in serving cell
	PSS/SSS/PBCH

	PCFICH for serving cell
	CFI = 3

	PCFICH/PDCCH detection for serving cell
	Not considered

	Physical channels transmitted in interfering cells
	PCFICH

	
	PHICH not transmitted

	
	PDCCH

	
	PDSCH

	
	PSS/SSS/PBCH

	Tx EVM
	0%

	Noc at antenna port
	-98 dBm

	Cyclic prefix
	Normal

	Simulation length
	20000 SF

	Feedback mode
	PUCCH 1-0
	PUCCH 1-1

	CQI feedback periodicity & delay for serving signal
	Feedback periodicity: 5 msec; Feedback delay: 8 msec

	PMI feedback periodicity for serving cell
	N/A
	5 msec

	Interferer: Bursty traffic (50% loading)
	Mean Burst length = 10 SF

	OLLA
	OFF
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