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Introduction 
One remaining issue on CoMP interference averaging is whether or not to restrict UE’s interference average behavior which is currently left as an UE implementation issue in RAN1 specification [1]. In [2], we gave link-level simulation results in static channels to point out the loss due to insufficient interference averaging. In this contribution, we provide more results in fading channels and also investigate the effect of interference averaging under network outer-loop link adaptation (OLLA). 
2
Simulation Setup and Results 
In the following link-level simulations, we consider the CQI reporting mode 3-1 in a 10MHz bandwidth which has 9 sub-bands. Only the 5th sub-band (6 PRBs) is chosen to schedule the desired PDSCH to UE (without any frequency-selective scheduling). When performing cross-subframe (cross-SF) averaging, an 
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 are the measured interference and the averaged interference at IMR occasion 
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 is equivalent to no cross-SF averaging (denoted by single-SF averaging). Network may adopt OLLA to adjust the reported CQI values based on the ACK or NACK feedback by UE. Detailed simulation setups are listed in Appendix. 
2.1. 
Fading channels without OLLA 
Figures 1, 2 and 3 show the throughput performance of blanked interference (single TP), non-blanked interference with fixed PMI and non-blanked interference with random PMI, respectively. With random PMI, the interference TP (TP 2) will choose a PMI randomly for each subband and subframe. Under blanked interference, cross-SF averaging provides an additional suppression of noise, and thus a more stable CQI value will be reported by UE. Figure 1 shows that this additional suppression of noise can bring 21% throughput gain over single-SF averaging at SNR 10 dB (1.43 / 1.18 = 1.21). Under non-blanked interference with fixed PMI, cross-SF averaging can bring a more accurate estimation of the interference power. Thus similar gains can also be observed at Figure 2. When the interference not blanked and uses random PMI, cross-SF averaging, though fail to provide accurate interference estimation, still provides noticeable gain over single-SF averaging, as shown in Figure 3. 
Observation 1: Cross-SF averaging can bring noticeable throughput gain over single-SF averaging, when OLLA is off. 
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Figure 1. Throughput comparison of different interference average behavior under blanked-interference, OLLA-off scenario 
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Figure 2. Throughput comparison of different interference average behavior under non-blanked-interference with fixed PMI, OLLA-off scenario 
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Figure 3. Throughput comparison of different interference average behavior under non-blanked-interference with random PMI, OLLA-off scenario 

2.2. 
Fading channels with OLLA 
Network may adjust the reported CQI from UE through OLLA. Figures 4, 5 and 6 show the throughput performance of blanked interference, non-blanked interference with fixed PMI and non-blanked interference with random PMI, respectively. One key observation is: With OLLA, the throughput performance becomes less sensitive to UE’s interference averaging behaviour. Four different averaging behaviours perform very similar. More precisely, cross-SF averaging still outperforms single-SF averaging, though the gain is no more than 7%. The main reason is that when OLLA is on, network will allocate the MCS according to not only the reported CQI but also the UE’s decoding result. Therefore the quality of the reported CQI becomes less dominant in the final throughput performance. 

Observation 2: With OLLA, the throughput performance becomes less sensitive to UE’s interference averaging behaviour. 
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Figure 4. Throughput comparison of different interference average behavior under blanked-interference, OLLA-on scenario 
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Figure 5. Throughput comparison of different interference average behavior under non-blanked-interference with fixed PMI, OLLA-on scenario 
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Figure 6. Throughput comparison of different interference average behavior under non-blanked-interference with random PMI, OLLA-on scenario 

3
Discussion on Interference Averaging on IMR 
The simulation results in the previous section show that when OLLA is off, cross-SF averaging can provide noticeable gain over single-SF averaging, and when OLLA is on, different interference averaging behaviours achieve almost the same throughput performance. As a result, we do not see the necessity to restrict UE’s interference averaging within single subframe. 

Note that a certain number of subframes of PDSCH transmission are required for the OLLA algorithm to converge. This implies OLLA may be less effective in some scenarios, e.g., for a small packets or for sparse PDSCH transmission over time. In these scenarios, network relies on UE’s accurate and stable CQI report to avoid large throughput loss. One practical solution is to allow cross-SF averaging by UE. Moreover, the more accurate the reported CQI is, the less number of subframes is required for convergence. 

Another concern of cross-SF averaging is when the interference changes very dynamically, e.g., randomly on/off. In this case, network can still configure multiple CSI processes with different IMR configurations to represent different interference conditions. In this way network will obtain different CQI reports to reflect different interference conditions, while still allowing cross-SF averaging at UE for accurate CQI. Will this imply that network is strictly enforced to have static interference on an IMR across subframes? No. Our simulation results show that even under random-PMI interference, cross-SF averaging still provides noticeable gain over single-SF averaging and comparable gain with OLLA-on. 

Based on the above observations and discussions, we propose not to change the specification and leave the interference averaging to UE’s implementation. 
Proposal 1: There is no need to change the current CQI definition or UE behavior. 
4
Summary 
Our conclusions through the study are as follows. 
Observation 1: Cross-SF averaging can bring noticeable throughput gain over single-SF averaging, when OLLA is off. 
Observation 2: With OLLA, the throughput performance becomes less sensitive to UE’s interference averaging behaviour. 
Proposal 1: There is no need to change the current CQI definition or UE behavior. 
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Appendix
	Parameter

	TP1 (desired PDSCH)
	TP2 (Interference)

	Carrier frequency (GHz)
	2
	2

	System bandwidth (MHz)
	10MHz
	10MHz

	Cell ID
	0
	6

	Propagation channel
	EPA5
	ETU5

	Antenna configuration
	2x2, low correlation
	2x2, low correlation

	SNR (seen at UE receivers)
	0:2:20 dB
	6 dB

	PDSCH allocation
	6 PRBs
	50 PRBs

	Subframes for demodulation
	1,2,3,4,6,7,8,9
	N/A

	Transmission mode
	TM9
	TM9

	Cell-specific reference signals
	Antenna ports 0, 1
	Antenna ports 0, 1

	NZP CSI reference signals
	Antenna ports 15, 16
	Antenna ports 15, 16

	Subframe Configuration for NZP CSI-RS
	0
	N/A

	Resource Configuration for NZP CSI-RS
	3
	N/A

	Subframe Configuration for ZP CSI-RS
	N/A
	0

	Bitmap for ZP CSI-RS
	N/A
	0x1000

	Subframe Configuration for IMR
	0
	N/A

	Bitmap for IMR
	0x0400
	N/A

	Reporting mode for CSI process
	PUSCH 3-1
	N/A

	Reporting periodic and offset 
	Periodicity: 5 msec
Offset: 1 msec
	N/A

	Rank
	1
	1

	PMI
	Fixed
	Fixed/Random

	Cyclic prefix
	Normal
	Normal

	Maximum number of HARQ transmission
	1
	N/A

	Number of OFDM symbols for PDCCH
	2
	2

	Timing offset between TPs (us)
	0
	0

	Frequency offset between TPs (Hz)
	0
	0

	Simulation length
	10000 sub-frames
	10000 sub-frames


_1430822189.unknown

_1430822191.unknown

_1430822192.unknown

_1430822193.unknown

_1430822190.unknown

_1430822188.unknown

