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1 Introduction

The need of requirement to guarantee that the UE uses an advanced receiver (e.g. IRC receiver) for both the UE demodulation and CSI reporting is brought up during past RAN4 meeting by some companies. During last RAN4 #64 meeting, framework and WF for this issue were proposed and agreed with initial simulation assumption in [1]. In this contribution, we provide preliminary simulation results for this WF.

2 Discussion

If we adopt advanced receiver using IRC algorithm, we can imagine following 3 types of UE receiver easily.

(1) MRC on CSI reporting + MRC on UE demodulation as MRC/MRC
(2) IRC on CSI reporting + IRC on UE demodulation as IRC/IRC
(3) MRC on CSI reporting + IRC on UE demodulation as MRC/IRC
Until now, there is no way to guarantee that UE using IRC on UE demodulation use IRC on CSI reporting. As we know, the performance metric of IRC algorithm is higher than that of MRC algorithm especially interfering signal is colored noise. UE using IRC on CSI reporting might report higher CQI value than UE using MRC on CSI reporting. Also UE using IRC on demodulation might have lower BLER than UE using MRC on demodulation.

Basically, CQI used link adaptation to get moderate BLER performance on demodulation to maximize the capacity of channel. If CQI reported with lower value demodulator of UE can process, achievable throughput of UE will be reduced since relatively small data is scheduled in response to reported CQI. If CQI reported with higher value demodulator of UE can process, achievable throughput of UE will be reduced due to increased BLER. Therefore we can presume that CSI decision and UE demodulation should use same algorithm.

To identify this issue, proposed initial simulation assumptions from [2] are shown in Table 1 and Table 2. 
Table 1.  Initial simulation setup for evaluation
	SINR(Geometry) [dB]
	[-4:2:10]

	DIP for the only one interfering cell [dB]
	[-0.41, -0.21]

	Corresponding INR(Interference Noise Ratio) from DIP [dB]
	[10, 13.0]

	Corresponding correlation ratio from DIP
	[0.91, 0.95]

	UE CSI/demodulation algorithm
	MRC/MRC, MRC/IRC, IRC/IRC

	Output of simulation
	LER


Table 2.  Fading test for single antenna (FDD)
	Parameter
	Unit
	Cell 1
	Cell 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Cell ID
	
	0
	1

	 SINR (Note 3)
	dB
	TBD
	N/A
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	dB[mW/15kHz]
	-98
	N/A

	Propagation channel
	
	EPA5
	Static (Note 8)

	Correlation and antenna configuration
	
	Low (1 x 2)
	N/A

	Dominant interferer proportion (Note 5)
	dB
	N/A
	TBD

	Reporting mode
	
	PUCCH 1-0
	N/A

	Reporting periodicity
	ms
	Npd = 2
	N/A

	CQI delay
	ms
	8
	N/A

	 Physical channel for CQI reporting
	
	PUSCH (Note 4)
	N/A

	PUCCH Report Type
	
	4
	N/A

	cqi-pmi-ConfigurationIndex
	
	1
	N/A

	Max number of HARQ transmissions
	
	1
	N/A

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink SF not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-1 for Category 2-8 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 and Table A.4-7 for Category 1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2 [3].

Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SINR(s) and the respective wanted signal input level. 

Note 4:
To avoid collisions between CQI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#1, #3, #7 and #9 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#5, #7, #1 and #3.
Note 5:     The respective received power spectral density of each interfering cell relative to 
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 is defined by its associated DIP value [4].

Note 6:
Two cells are considered in which one is the serving cell and the other is the interfering cell. The number of the CRS ports in both cells is the same. Intefering cell is fully loaded.

Note 7: 
Both cells are time-synchronous.

Note 8:     Static channel is used for the interference model. In case for white Guassian noise model Cell 2 is skipped.


In addition to Table 1 and Table 2, we use following assumptions

· No HARQ retransmission is used.

· Dynamic MCS selection based on Table A.4-3 of TS36.101 is used for reported CQI.

· 6 % of Tx EVM for serving and interfering cell are used.

In Figure 1/2/3, Throughput and BLER performance of 3 different type of UE for different interference condition are shown. For the cases of DIP with -0.41 and -0.21, we can see that UE using IRC on UE demodulation have enlarged in terms of T-put performance in Figure 1 and 2. Also, the difference of throughput between IRC and MRC enlarged with DIP level.  For BLER performance, we can see that UE using same receiving algorithm (e.g MRC-MRC or IRC-IRC) have relatively similar performance. From throughput and BLER results, UE type of IRC-IRC has better performance than any other UE type. On the other hand, UE type of MRC-IRC has best BLER performance than any other UE type, but actual throughput is lower than that of IRC-IRC receiver because of lowered MCS level. Also, for the case of AWGN condition, we can see almost same performance in simulation results regardless of receiver type used.
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Figure 1.  Different type of UE throughput and BLER comparison for DIP = -0.41 dB
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Figure 2. Different type of UE throughput and BLER comparison for DIP = -0.21 dB
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Figure 3. Different type of UE throughput and BLER comparison for AWGN

In Figure 4, CDF of evaluated SNR on CSI reporting for various geometry. From all subplot of Figure 4, we can find that evaluated SNR of UE using IRC on CSI reporting is much higher than that of UE using MRC on CSI reporting for DIP of --0.41 and -0.21. Also, the difference of CDF between IRC and MRC enlarged with DIP level.
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Figure 4. CDF of evaluated SNR on CSI reporting for various geometry
In Figure 5, 6 and 7, median value of reported CQI for 3 different type of UE at DIP of -0.41/-0.21 and AWGN condition are presented. Also for this metric, we can similar trend that we already shown.
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Figure 5.  Median value of reported CQI for different type of UE at DIP of -0.41 dB
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Figure 6. Median value of reported CQI for different type of UE at DIP of -0.21 dB
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Figure 7. Median value of reported CQI for different type of UE at AWGN condition
Until now, we present simulation results in terms of throughput, BLER, evaluated SNR on CSI reporting and median value of reported CQI. According to simulation results, some observations are summarized as followed.

· Observation 1: IRC-IRC receiver has best throughput performance within 3 types of receiver for interfering conditions.

· Observation 2: Evaluated SNR statistics and median value of reported CQI on UE using IRC on CSI reporting is much higher than those of UE using MRC on CSI reporting for interfering conditions.

· Observation 3: For interfering condition, the performance metric is enlarged with increased DIP level.
· Observation 4: For AWGN condition, there is no actual performance difference between 3 types of receiver.

From all above results, the feasibility of using IRC on CSI reporting is shown obviously. The importing thing is which metric can represent well to guarantee that UE use IRC on CSI reporting. For demodulation performance, we are already making some requirement to guarantee that UE use IRC on demodulation.

For this issue, certain metric to guarantee that UE use IRC algorithm for both the UE demodulation and CSI reporting is obliged to use link adaptation that might be very hard work to align for both simulation and test. Since IRC on demodulation will be covered in demodulation requirements, we think that the metric guarantying IRC on CSI reporting only instead of the metric guarantying IRC-IRC both is suitable to save test complexity, cost and time. Therefore we propose to use following metric for IRC on CSI reporting.

ΔCQImedian = CQImedianI - CQImedianA
In above metric, CQImedianI represent median value of reported CQI with interference model and CQImedianA represent median value of reported CQI with AWGN model. 
· Proposal 1: Use simple metric to guarantying IRC on CSI reporting only such as ΔCQImedian is sufficient for this purpose.

3 Conclusion

In this contribution, we provide our preliminary simulation results to make progress. According to simulation results, some observations are summarized.

· Observation 1: IRC-IRC receiver has best throughput performance within 3 types of receiver for interfering conditions.

· Observation 2: Evaluated SNR statistics and median value of reported CQI on UE using IRC on CSI reporting is much higher than those of UE using MRC on CSI reporting for interfering conditions.

· Observation 3: For interfering condition, the performance metric is enlarged with increased DIP level.
· Observation 4: For AWGN condition, there is no actual performance difference between 3 types of receiver.
For test metric of IRC on CSI reporting, we propose following;

· Proposal 1: Use simple metric to guarantying IRC on CSI reporting only such as ΔCQImedian is sufficient for this purpose.
ΔCQImedian = CQImedianI - CQImedianA
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