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[bookmark: _Ref298777854]Introduction
In RAN4#78bis meeting, test cases for LAA demodulation are further discussed. One open issue is how to test (e)PDCCH performance. In this paper, we share our view on the (e)PDCCH performance test. 
Discussion on the (e)PDCCH performance test
For control channel performance requirements, there are two options:
· (e)PDCCH performance verification:
· Option 1: Explicitly
· Option 2: Implicitly verify the (e)PDCCH performance via PDSCH tests
One basic question is whether implicitly performance verification can be used to rule out bad UE implementation. For PDCCH decoding, the randomness arrival of CRS will lead to some new problems for legacy implementation, such as AGC adjustment, frequency tracking, time tracking and filter design. There are several possible bad implementations:
· Bad Implementation 1: In order to handle the AGC problem, some algorithm of bad implementation may use the first OFDM symbol for AGC adjustment and other OFDM symbols for PDCCH decoding (just like the receiver used in D2D side link); 
· Bad Implementation 2: Some algorithm of bad implementation may not proper handle the first OFDM symbols, and large clipping error or quantization error may happen due to improper AGC handling. 
· Bad Implementation 3: Some algorithm may use legacy time domain filter for PDCCH decoding 
For all these bad implementations, if explicit (e)PDCCH test is defined, they will fail the test. But in implicit test, these bad implementations are still with high probability to pass the test. 
For example, if TM3 16QAM code rate 1/2 is used for PDSCH and 2 CCE is used for PDCCH Format 1C with two control OFDM symbols, the target SNR for PDSCH is about 10 dB and the target SNR for PDCCH with BLER=1%  is about -2 dB. The corresponding simulation results are shown in Figure 1 and Figure 2. For the first bad implementation, ideally, 3 dB loss will be observed. Hence, the SNR@1%  PDCCH BLER is about 1 dB. At the check point (SNR=10dB), the BLER is very smaller for PDCCH. Hence, the impact of PDCCH on PDSCH performance is negligible. Therefore, for bad implementation 1, it is not so challenge to pass the implicit test. 
The same results will be observed for the second bad implementation. For the second bad implementation, the improper AGC handling will introduce clipping error or quantization error. It will degrade the (e) PDCCH performance. But it will not break out the whole performance. For example, it may have 2~3 dB performance loss. Even with this loss, at the target SNR of PDSCH, the BLER of PDCCH is still quite small. The impact on the final PDSCH performance may be omitted. 
For the bad implementation 3, we will face the same problem as the first two bad implementations. 
One possible way is set the PDSCH the lowest MCS, such as I_MCS=0. In this case, the target SNR is about -5 dB, which is shown in Figure 3. However, this MCS is corresponding to QPSK, which is not sensitive for the AGC adjustment, FTL/TTL tracking. Hence, it is skeptical to verify the AGC/FTL/TTL impact on the PDSCH performance itself. 
Observation 1:  AGC/FTL/TTL problem or other receiver problem for (e)PDCCH can be explicitly reflected in explicit (e)PDCCH performance test and it may not be  fully reflected in PDSCH performance test. 
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[bookmark: _Ref450922971]Figure 1: PDCCH performance
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[bookmark: _Ref450922975]Figure 2: Performance for 16QAM and 1/2 code rate
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[bookmark: _Ref450923851]Figure 3: Performance for I_MCS=0
Observation 2:  The MCS of PDSCH and the number of CCEs, the number of OFDM symbols for control channel shall be tuned carefully for the implicit (e) PDCCH performance test if implicit (e)PDCCH performance verification  is used. Otherwise, the bad implementation can easily pass the test. 
Whether we shall introduce implicit test or explicit test, the general RAN4 principle shall be followed. In our mind, the basic principle to decide whether to have explicitly test or implicit test for (e)PDCCH is based on whether the new setups have disruptive impact on UE behavior for control channel. For example, up to now, we explicitly define control channel performance requirements for:
· eICIC
· FeICIC
· MMSE-IRC receiver for control channel (under discussion)
· CRS-IC receiver for control channel (under discussion)
· ePDCCH for COMP
· [bookmark: _GoBack](e)MTC, etc
We implicitly define performance requirements for control channel for:
· eIMTA
· etc
For LAA, the DL transmission is bursty and can be started at random subframe, and the CRS transmission is also bursty. The bursty CRS transmission will impact on the AGC/FTL/TTL tracking loop and CRS channel estimation, which is fundamental part for demodulation and decoding, especially for control channel. The impact is disruptive. Hence, it is with high value to have explicitly demodulation test for control channel.  
Observation 3: (e)PDCCH performance shall be explicitly specified based on general RAN4 principle
One main concern for the explicit test is about the test number for LAA features. Up to now, only two PDSCH demodulation test cases, and two CSI test cases are formally agreed for LAA. Considering all the possible agreements, at most two test cases for control channel, one for PDCCH and one for ePDCCH, and at most three PDSCH test cases will be introduced according to current discussion. For CSI, at most four tests will be introduced. In Table 1, the test case number for selected features is listed. 
[bookmark: _Ref450660702]Table 1: Summary of test number for selected features
	
	Control channel
	PDSCH test number
	CSI test
	Total test number

	eICIC
	Yes (2)
	3
	2
	7

	FeICIC
	Yes (3)
	4
	3
	10

	CRS-IC and CC-IM
	Yes (9)
	3
	0
	12

	CoMP
	Yes(1)
	3
	3
	7

	NAICs
	No
	7
	3
	10

	LAA
	Formally agreed
	0
	2
	2
	4

	
	At most
	2
	3
	4
	9



Based on Table 1, even consider the maximum test number for LAA, the test number is only 9. To some extended, LAA is purely a new radio interface. The new signal model has great impact on all aspects of the receiver implementation. Obviously, the current discussed test number for LAA is less or comparable with other features. Hence, it is an acceptable number for the group 
Observation 4:  The test number of LAA is reasonable when the explicit test is considered. 
Based on the above observations and the general principle, we have the following proposal:
Proposal 1: Explicitly specify the PDCCH and EPDCCH performance requirements
Conclusion
For (e)PDCCH performance verification,  we have the following observations:
Observation 1:  AGC/FTL/TTL problem or other receiver problem for (e)PDCCH can be explicitly reflected in explicit (e)PDCCH performance test and it may not be  fully reflected in PDSCH performance test.  
Observation 2:  The MCS of PDSCH and the number of CCEs, the number of OFDM symbols for control channel shall be tuned carefully for the implicit (e) PDCCH performance test if implicit (e)PDCCH performance verification  is used. Otherwise, the bad implementation can easily pass the test.
Observation 3: (e)PDCCH performance shall be explicitly specified based on general RAN4 principle
Observation 4:  The test number of LAA is reasonable when the explicit test is considered. 
Based on the above proposals, we propose:
Proposal 1: Explicitly specify the PDCCH and EPDCCH performance requirements in LAA demodulation test
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