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Introduction
In work item RP-151107 [1], it was proposed to use advanced receiver architectures for control channel interference mitigation. So far, most of the discussion has been around the choice of advanced reference receiver for PDCCH/PCFICH/PHICH in synchronous network scenarios. The following reference receivers have emerged as possible candidates [2]
· MMSE-IRC + CRS-IC
· E-MMSE-IRC 
· E-MMSE-IRC + CRS-IC
In this contribution, we provide views on the choice of reference receivers based on simulation results and complexity.
Discussion
0. Non colliding CRS scenario
First of all, we note that for a given SNR, INR condition, among the control channels (PDCCH, PCFICH and PHICH), the BLER of PDCCH will be the highest. Hence, while comparing advanced receivers for control channel, we will consider PDCCH BLER as evaluation metric with higher precedence. In the following discussion, we use PDDCH performance as a metric of evaluation.
MMSE-IRC + CRS-IC vs. E-MMSE-IRC + CRS-IC: To compare MMSE-IRC + CRS-IC receiver with E-MMSE-IRC + CRS-IC receiver for non-colliding CRS scenario, we allude to results submitted by various companies in RAN4 #77 [4, 5]. From the results, it easy to conclude that in non-colliding CRS scenario, MMSE-IRC + CRS-IC receiver’s performance is as good as E-MMSE-IRC + CRS-IC receiver. There are multiple factors contributing to this phenomenon
· No gain for symbol 0: The gains for E-MMSE-IRC (type 2) receiver hinge on eliminating the Rank2 interference by jointly processing serving tones and interference tones after RE pairing. However, such joint processing gain is not available to symbol 0, if the dominant interferer is non-colliding. In fact whenever the CFI of the interferer is 1, then in non-colliding CRS scenarios, E-MMSE-IRC is receiver should have little or no gain over MMSE-IRC receiver. 
· Poor quality interfering cell channel:  In order to jointly process and eliminate Rank2 interference, E-MMSE-IRC receiver requires interfering cell channel estimate. For non-colliding CRS scenario, interfering cell channel estimate is significantly corrupted by control channel tones of the serving cell. Hence, even for symbol 1 & 2, where E-MMSE-IRC receiver can possibly provide gains, they are limited by quality of interference channel estimates. 
Gains from CRS-IC: The gain from CRS-IC is common to both MMSE-IRC + CRS-IC receiver and E-MMSE-IRC + CRS-IC receiver. In non-colliding CRS scenario, large portion of the performance improvement to control channel will come from CRS-IC, especially when either the serving cell or interfering cell CFI is 1 (see Figure 1). In addition, as the interference loading level reduces, the proportion of interference to serving cell control channel tones due to interfering cell’s CRS tone increases.  Hence, the gain from CRS-IC becomes dominant.
Non-colliding CRS scenario can be more common: Non-colliding CRS scenario is likely to be more common. This is so, because even with random cell IDs, the likelihood of non-colliding CRS scenarios is 2 out of 3. Considering that non-colliding CRS scenario can be more common, we should pay special attention towards defining reference receivers for non-colliding CRS scenario.
Improvements over baseline receiver: Rel8-12 baseline receiver for control channels is MMSE-MRC receiver. The performance of MMSE-IRC + CRS-IC receiver is significantly better than MMSE-MRC receiver (see Figure 1). Since MMSE-IRC + CRS-IC receiver bring in sufficient performance improvement over the baseline receiver, and since its performance (for non-colliding CRS scenario) is as good as E-MMSE-IRC + CRS-IC receiver, while its complexity is significantly lower, we propose that the MMSE-IRC + CRS-IC receiver should be considered as the reference receiver for non-colliding CRS scenario.
Proposal 1: MMSE-IRC + CRS-IC should be considered as the reference receiver for PDCCH/PCFICH/PHICH for non-colliding CRS scenario. Performance requirement should be accordingly set.
0. Colliding CRS scenario
In case of colliding CRS scenario, E-MMSE-IRC receiver applies to symbol 0, but not always to symbol 1 and 2. E-MMSE-IRC receiver is significantly more complex to implement compared to MMSE-IRC receiver. The increase in complexity is easy to see as E-MMSE-IRC receiver requires a full 4x4 covariance matrix estimation, rather than a block-diagonal 4x4 covariance matrix estimation required for MMSE-IRC implementation. Furthermore, it is important to remember that UE needs to implement both E-MMSE-IRC and MMSE-IRC receiver to handle the case of serving cell CFI being higher than interfering cell CFI (even with neighbour cell PCFICH detection). In fact, in the absence of PCFICH detection of dominant neighbour, UE has to use MMSE-IRC receiver as long as serving cell CFI > 1 (captured as “conservative processing” in the way-forward [2]).  Implementing two receivers for control channel adds to hardware costs (as processing blocks of E-MMSE-IRC cannot be reused for MMSE-IRC) at the UE, and is not preferred.  Finally, since MMSE-IRC + CRS-IC is sufficient for non-colliding CRS scenario, we favour reusing MMSE-IRC + CRS-IC as baseline receiver even for colliding CRS scenario.
Proposal 2: MMSE-IRC + CRS-IC should be considered as the reference receiver for PDCCH/PCFICH/PHICH for colliding CRS scenario. Performance requirement should be accordingly set. 

0. EPDCCH
In Figure 2, we compare the performance of MMSE-IRC and MMSE-IRC + CRS-IC receiver against baseline MMSE-MRC receiver for EPDDCH. We note that, while MMSE-IRC receiver provides reasonable improvement over MMSE-MRC receiver, additional gain from CRS-IC is limited. This is understandable as most of interference is not due to CRS tones of the interfering neighbor. Since CRS-IC gain is limited, we propose to define MMSE-IRC receiver as the reference receiver for EPDCCH. Note that, if MMSE-IRC receiver is used as a reference receiver for EPDCCH, we will not need to define additional tests for EPDCCH in asynchronous network scenarios.
Proposal 3:  MMSE-IRC receiver should be considered as the reference receiver for EPDCCH.

Conclusion
In this contribution, we make the following proposals
Proposal 1: MMSE-IRC + CRS-IC should be considered as the reference receiver for PDCCH/PCFICH/PHICH for non-colliding CRS scenario. Performance requirement should be accordingly set.
Proposal 2: MMSE-IRC + CRS-IC should be considered as the reference receiver for PDCCH/PCFICH/PHICH for colliding CRS scenario. Performance requirement should be accordingly set. 
Proposal 3:  MMSE-IRC receiver should be considered as the reference receiver for EPDCCH.


	Synchronous network. Non-Colliding CRS scenario in High INR 

	High INR, CFIS =1, CFII =1, AL2, 100% loading
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	High INR, CFIS =1, CFII =1, AL2, 50% loading
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	High INR, CFIS =3, CFII =3, AL2, 100% loading
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	High INR, CFIS =3, CFII =3, AL2, 50% loading
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Figure 1. PDCCH BLER in Non-colliding CRS scenario, High INR scenario, INR1 = 13.94dB, INR2 = 3.34dB, with various interference loading levels with uniform power distribution




	Synchronous network, localized and distributed EPDCCH

	High INR, AL=2, localized
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	High INR, AL=4, distributed 
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	Medium INR, AL=2, localized
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	Medium INR, AL=4, distributed
[image: ]


	
	

	
Figure 5. EPDCCH BLER for AL = 2, 4 in high and medium INR conditions with various receivers




<more simulation results will be added later>
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