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1 Introduction

In the RAN4 78bis meeting, two WF [1][2]  were provided for evaluation purpose on the MMSE-IRC receiver for PCFICH/PDCCH in asynchronous network, but not approved as there were different views on the performance and robustness of PDCCH MMSE-IRC receiver over baseline receiver based on previous discussions. The contribution will perform link level evaluation based on assumptions in WF [1][2], and provide analysis on both performance gain and robustness.
2 Evaluation performance
In the last meeting, as there were different views on the test purposes and evaluation assumptions for WF[1] and [2], so neither of them was approved, For the purpose of showing the overall performance, all the scenarios suggested by WF[1] and [2] were evaluated in this contribution. Generally, we have three cases:

· Case 1: 
· This case was proposed in WF [1][2], which use the Rel-11 Type A receiver asynchronous interference model. 

· Test purpose is verifying the performance gain of MMSE-IRC over baseline receiver.
· Two kinds of interference power profiles are evaluated:
· DIP value (-1.73, -8.66), used in Rel.11 Type-A receiver WI for asynchronous network, proposed by WF[1]

· High INR (13.91 dB, 3.34 dB), used in Rel.12 NAICS receiver WI for synchronous network, proposed by WF[2]

· DIP values are more realistic assumptions to investigate the performance gain, and High INR could be taken for information, because:
· The interference profiles are different in ayn network and syn network. As in synchronous network, with advanced PDSCH receiver, such as CRS-IC and NAICS, it’s possible for UE to still keep working and not changing the serving cell if the signal power of neighbour cell is much higher than the one of serving cell; but in asynchronous network, as the NAICS and CRS-IC is currently infeasible, it’s possible for UE to change the serving cell if the signal power of neighbour cell is higher than the one of serving cell. As a result, synchronous network would have possibly higher interference profiles than asynchronous network.
· DIP based modelling had been agreed in RAN4 to define test case for asynchronous network with, such as section 8.2.1.2.4 and 8.2.1.4.1B in TS36.101.
· The High INR (13.91 dB, 3.34 dB) is used for synchronous network.
· Case 2: 
· This cases was proposed in WF[1][2], in which the neighbour cell PDSCH transmission are PDSCH TM4 rank1.
· Test purpose is verifying the robustness of MMSE-IRC over baseline receiver, as the interferences observed by serving cell CRS tones actually come from two adjacent subframe of neighbour cell.

· Both medium and low interference power profiles are evaluated to serve the robustness purpose. 
· Case 3: 

· This case was discussed in [3], in which the CRS is not well planed and the neighbour cell PDSCH transmission is absent.

· Test purpose is verifying the robustness of MMSE-IRC over baseline receiver, as the interference observed by serving cell CRS tone may come from neighbour cell CRS tone, which doesn't match the neighbour cell PDSCH tone.

· Both medium and low interference power profiles are evaluated to serve the robustness purpose. 

With respect to the time-offset between adjacent cells, it should be mentioned that the actual time-offset is up to operator’s deployment, so here we use different values of time-offset for case 2 and case 3 to get better understanding on the robustness issues, and also the performances of synchronous network are also provided for comparing.
As the interference profiles are the major disagreement between WF[1] and [2], ideally there should be thorough study on the interference profiles themselves based on system level simulation. However, since this meeting is supposed to be the last meeting before the closing of the WI, to save time and hopefully to conclude this discussion, we just reuse the two interference profiles in WF[1][2] for case 1 to investigate the performance. 
The others detailed evaluation assumptions are provided in Table 1. Based on those assumptions, the link performances are provided in figures 1.
Table 1 Link level simulation assumptions for PDCCH MMSE-IRC receiver

	Parameters
	Case 1
	Case 2
	Case 3

	System bandwidth
	10MHz for both serving cell and interfering cells

	Duplexing mode
	FDD

	Cyclic prefix
	Normal

	CRS ports
	Port 0 and 1

	Antenna configuration
	2x2 with Low correlation

	Propagation channel
	EVA20

	CFI
	CFIS = 1, CFII = 1

	Serving cell PDCCH 
	AL 4, DCI payload 31

	PDCCH interference modeling
	neighbour cell PDCCH always on

	PDSCH 

interference modeling
	interference number
	2 interference cell 
	1 interference cell 
	1 interference cell 

	
	interference profiles
	1) High: 13.91 dB, 3.34 dB
2) DIP: (-1.73, -8.66)
	1) INR=0dB

2) INR=5dB
	1) INR=0dB
2) INR=5dB

	
	Cell ID
	(0,1,2)
	(0, 1)
	(0,6)

	
	time-offset
	1/3 and 2/3 subframe time-offset


	0/7 subframe time-offset

1/7 subframe time-offset

3/7 subframe time-offset
	0/14 subframe time-offset

3/14 subframe time-offset

4/14subframe time-offset

7/14subframe time-offset

	
	PDSCH TM
	TM3 rank 2, full loading
	TM4 rank 1, random PMI, full loading
	PDSCH interference absent
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Case 1, High INR and DIP interference 
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Figure 1 Demodulation performance of MRC and MMSR-IRC receiver for PDCCH

Based on above results, it could be observed that:
· For case 1, the performance gains of MMSE-IRC over MRC are around 0.9dB and 2.4dB for DIP-based interference level and NAICS-high based interference level. So, it's confirmed that the gain of MMSE-IRC receiver is high up to interference profiles. 
· For case 2, with both low and medium interference level, the MMSE-IRC could provide 0.2dB~0.5dB and 1.3dB~2.3dB performance gain than MRC receiver, depending on the interference profiles and timing-offset values. So, it's confirmed that there isn’t the robustness issues with given assumptions that the interference conditions observed by different CRS symbol are different and the neighbour cell PDSCH is full loading.
· For case 3, with both low and medium interference level, if synchronous network, the MMSE-IRC could perform better than MRC with 0.5dB~1.8dB gain, but if asynchronous network with given time-offset, the MMSE-IRC will perform worse than MRC receiver with 0.2dB~1.0dB loss. The reason is that the interference observed by CRS tone doesn't match the interference on serving cell PDCCH region. So, it’s confirmed that there will be the robustness issues if the interference conditions observed by serving cell CRS tones is actually from neighbour cell CRS tone, and the neighbour cell PDSCH is not full loading.
Based on above analysis, some observations could be reached that:
Observation 1: With respect to performance, different interference profiles result in different performance gain:
· The interference profiles play a big role in verifying the gain of PDCCH MMSE-IRC receiver, and the need for test cases.

· With assumptions for syn network (high INR values used by Rel.12 NAICS receiver), the gain of MMSE-IRC over MRC would be bigger than 2 dB

· With assumptions for asyn network (INR values used by Rel.11 PDSCH type-A receiver), the gain of MMSE-IRC over MRC would be small than 1 dB
Observation 2: With respect to robustness, there are robustness issues of PDCCH MMSE-IRC receiver for some scenarios, in which the interference observed serving cell CRS doesn’t match the interference on serving cell PDCCH region.
3 Conclusion
In this contribution, link level evaluation results are provided for PCFICH and PDCCH in asynchronous network. Based on results and analysis, it could be observed that:
Observation 1: With respect to performance, different interference profiles result in different performance gain:

· The interference profiles play a big role in verifying the gain of PDCCH MMSE-IRC receiver, and the need for test cases.

· With assumptions for syn network (high INR values used by Rel.12 NAICS receiver), the gain of MMSE-IRC over MRC would be bigger than 2 dB

· With assumptions for asyn network (INR values used by Rel.11 PDSCH type-A receiver), the gain of MMSE-IRC over MRC would be small than 1 dB

Observation 2: With respect to robustness, there are robustness issues of PDCCH MMSE-IRC receiver for some scenarios, in which the interference observed serving cell CRS doesn’t match the interference on serving cell PDCCH region.
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