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1 Introduction

The control channel interference mitigation WI for Rel-13 is approved in [1] with the following objectives.
· The candidate advanced receivers to be considered for demodulation requirements are the existing PDSCH receiver structures defined in Rel-11/Rel-12, with capability of

· Linear suppression of control channel interference of interfering cells such as

· MMSE-IRC

· E-MMSE-IRC


And

· Cancellation of CRS interference of interfering cell
· Identify the scenarios and evaluation assumptions (including the reference receiver(s) for defining performance requirements depending on the gain for each of the control channels listed below) during the works

· Specify requirements on demodulation of PCFICH/PDCCH with above identified advanced receivers 

· Specify requirements on demodulation of EPDCCH with above identified advanced receiver with capability of MMSE-IRC and CRS-IC 

· Specify requirements on demodulation of PHICH with above identified advanced receivers 

· Realistic interference models for the downlink control channels should be considered. 

· CRS assistant information (CRS-AssistanceInfo IE) from Rel-11 can be reused for this WI without additional signalling and network restriction.

· The work for E-MMSE-IRC is prioritized over that for MMSE-IRC.
In this contribution we discuss different receiver types for different test configurations and deployment scenarios for different control channels and provide 1st-step evaluation results accordingly with conclusions.
2 Properties of PDCCH/PCFICH/PHICH
Different control channels stand for different properties in terms of interference mitigation. We need to firstly understand them in order to better adjust different receiver types for a better performance.
As shown in Figure 1 an example on how the PDCCH/PCFICH/PHICH and CRS are spreaded in time and frequency domain. Furthermore PDCCH and PCFICH are modulated in QPSK as an Alamouti pair for each RE pair with Tx diversity. PHICH is instead using BPSK as modulation order.
Such Tx diversity can be explored by E-LMMSE-IRC for a better performance.
[image: image1.emf]
Figure 1 Resource allocation for control channels
3 Definition of different receiver types 
The simulation results use agreed random interference model with NC PDCCH load as 100%. Blind receiver of SLIC is used as NAICS receiver compared to baseline IRC receiver. CFI and time and frequency offsets are set according to agreements made before. 6% Tx EVM is assumed for all tests.
3.1 MMSE-IRC
The MMSE-IRC receiver is defined from Rel-11 for PDSCH in [2] already and taken as well known and mature UE implementation to mitigate interference for neighboring cells, which calculate the noise and interference covariance matrix with both diagonal and non-diagonal elements instead of only diagonal for MMSE-MRC. Such receiver type can be easily extended from PDSCH to control channels without much more complexity from UE side.
3.2 E-MMSE-IRC
The E-LMMSE-IRC is firstly discussed under NAICS SI with descriptions as following in [3].
· Enhanced LMMSE-IRC (E-LMMSE-IRC): 
· MMSE-IRC that explicitly considers interferer channel estimates and other interferer knowledge.
· Interference parameters that can enable interferer channel estimation are needed, including, for example, its DMRS or CRS with PMI/RI.
But there is no clear definition on such more advanced linear receiver except considering the interferer channel estimations and so on. There could be different understanding of such type of receiver depending on different conditions with different complexity from UE implementation. So by taking the assumption as defined above the E-IRC can be extended to different receiver types as following.
3.2.1 Parametric MMSE-IRC over one RE (EIRC1)

The UE estimate the neighboring cells channels and from the estimates build up the interference and noise covariance matrix. The matrix should reflect the interference structure seen over one RE.
3.2.2 Parametric MMSE-IRC over two REs (EIRC2)

Similar to 2.2.1, but the matrix becomes twice as large, since it should reflect the interference structure seen over 2 REs. The interference matrix in this case should capture that the same modulation symbols are transmitted over 2REs. This receiver can take advantage of the dependency between REs that is the results of Alamouti transmission.
3.2.3 Parametric MMSE-IRC over three REs (EIRC3)

Similar to 2.2.1 but the matrix becomes three times as large since it should reflect the interference structure seen over 3 REs. The interference matrix in this case should capture that the same modulation symbols are transmitted over 2REs plus one RE contain CRS. This receiver can take advantage of the dependency between REs that is the results of Alamouti transmission in case of non-colliding CRS between SC and NC. In this case the dependency will cover 3REs.
3.2.4 Parametric MMSE-IRC over four or six REs (EIRC4)

Similar to 2.2.1 but the matrix becomes four or six times as large since it should reflect the interference structure seen over 4 or 6 REs. This is needed when either SC or NC has 4CRS ports and the other has 2 CRS ports. In this case the dependency between REs is spread over 4 or 6 REs, and is 4REs when colliding CRS and 6 when non-colliding CRS.
3.3 CRS-IC
CRS-IC is firstly introduced for FeICIC scenario with requirements specified in [2] since Rel-11 but there is also a new WI in Rel-13 in [4] with the goal to define proper requirements of using CRS-IC under homegenuous network as more typical deployment scenarios. 
3.4 Combinations of different receiver types

CRS-IC can always be combined with MMSE-IRC or E-LMMSE-IRC receiver when the CRS-assistance-info is provided. If CRS assistance info is not provided by the network side it can be taken that CRS-IC is not applied to the combination of other receiver type. Moreover the CRS assistance info is more detailed discussed in [8].
4 1st step evalution results for different receiver types on PDCCH/PCFICH
The following results are based on CCE=1, CFI=1, full load on NC, no time/frequency offset, only 1 NC, EVA70 low, and different receiver types as stated in Chapter 2, where the DIP value from IRC work is used as DIP=-0.5dB.  The results of PDCCH are shown without dependence from PCFICH.
4.1 Ideal channel estimation

4.1.1 Non-colliding CRS without CRS-IC
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(a) PCFICH










 


(b) PDCCH

Figure 2 BLER of PCFICH and PDCCH under ideal channel with non-colliding CRS w/o CRS-IC
4.1.2 Non-colliding CRS with CRS-IC
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(a) PCFICH










 


(b) PDCCH

Figure 3 BLER of PCFICH and PDCCH under ideal channel with non-colliding CRS w CRS-IC

4.1.3 Colliding CRS without CRS-IC
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(a) PCFICH










 


(b) PDCCH

Figure 4 BLER of PCFICH and PDCCH under ideal channel with colliding CRS w/o CRS-IC

4.2 Practical channel estimation

4.2.1 Non-colliding CRS without CRS-IC
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(a) PCFICH










 


(b) PDCCH

Figure 5 BLER of PCFICH and PDCCH under practical channel with non-colliding CRS w/o CRS-IC

4.2.2 Non-colliding CRS with CRS-IC
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(b) PDCCH

Figure 6 BLER of PCFICH and PDCCH under practical channel with non-colliding CRS w CRS-IC

4.2.3 Colliding CRS without CRS-IC
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(a) PCFICH










 


(b) PDCCH

Figure 7 BLER of PCFICH and PDCCH under practical channel with colliding CRS w/o CRS-IC

4.3 Iterative channel estimation
4.3.1 Non-colliding CRS without CRS-IC
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(a) PCFICH










 


(b) PDCCH

Figure 8 BLER of PCFICH and PDCCH under iterative channel with non-colliding CRS w/o CRS-IC

4.3.2 Non-colliding CRS with CRS-IC
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(a) PCFICH










 


(b) PDCCH

Figure 9 BLER of PCFICH and PDCCH under iterative channel with non-colliding CRS w CRS-IC

4.3.3 Colliding CRS without CRS-IC
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(b) PDCCH

Figure 10 BLER of PCFICH and PDCCH under iterative channel with colliding CRS w/o CRS-IC

5 Choice of receiver type for different control channels

From the above results there are following observations made for PDCCH/PCFICH.
Observation 1: For non-colliding CRS EIRC3 gives the best performance with ideal channel estimation but similar performance with EIRC1 with CRS-IC and practical channel estimation with sufficient gain compared to MRC receiver. 
Observation 2: For non-colliding CRS EIRC1 gives the best performance without CRS-IC and practical channel estimation with sufficient gain compared to MRC receiver. 
Observation 3: For colliding-CRS EIRC2 gives the best performance under all conditions, with no need of CRS-IC and sufficient gain compared to MRC receiver. 
Observation 4: For non-colliding CRS the iterative channel estimation can further improve the performance.

Also as analysized in [7] EIRC only works fine for synchronous network with timing aligned within CP length, however asynchronous network could still be considered with MMSE-IRC.

Observation 5: MMSE-IRC can be considered for asynchronous network.

Based on the results and observations the following proposal is provided for the receiver types for different control channels.

Proposal 1: EIRC2 without CRS-IC can be used for colliding CRS case and EIRC3 with CRS-IC or EIRC1 without CRS-IC can be used for non-colliding CRS case under synchronous network. MMSE-IRC can be used for asynchronous network for PDCCH/PCFICH.
For PHICH it uses BPSK so either EIRC1 with or without CRS-IC can be applied for PHICH if it’s synchronous network and MMSE-IRC can be used for asynchronous network.
Proposal 2: EIRC1 with and without CRS-IC can be used under synchronous network and MMSE-IRC can be used for asynchronous network for PHICH.

For ePDCCH as the interference may vary a lot as discussed in [5] it’s difficult to further apply more Tx diversity aware type of E-LMMSE-IRC receiver so to simplify the work it’s recommended to use MMSE-IRC with or without CRS-IC for ePDCCH, with results shown in [6] proved with sufficient gain.

Proposal 3: MMSE-IRC with or without CRS-IC can be used for ePDCCH.

6 Conclusion

This contribution provides definition of different receiver types and results with observations and proposals as following.
Observation 1: For non-colliding CRS EIRC3 gives the best performance with ideal channel estimation but similar performance with EIRC1 with CRS-IC and practical channel estimation with sufficient gain compared to MRC receiver. 
Observation 2: For non-colliding CRS EIRC1 gives the best performance without CRS-IC and practical channel estimation with sufficient gain compared to MRC receiver. 
Observation 3: For colliding-CRS EIRC2 gives the best performance under all conditions, with no need of CRS-IC and sufficient gain compared to MRC receiver. 
Observation 4: For non-colliding CRS the iterative channel estimation can further improve the performance.

Observation 5: MMSE-IRC can be considered for asynchronous network.

Proposal 1: EIRC2 without CRS-IC can be used for colliding CRS case and EIRC3 with CRS-IC or EIRC1 without CRS-IC can be used for non-colliding CRS case under synchronous network. MMSE-IRC can be used for asynchronous network for PDCCH/PCFICH.

Proposal 2: EIRC1 with and without CRS-IC can be used under synchronous network and MMSE-IRC can be used for asynchronous network for PHICH.

Proposal 3: MMSE-IRC with or without CRS-IC can be used for ePDCCH.
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