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Introduction
In work item RP-151107 [1], it was proposed to use advance receiver architectures for control channel interference mitigation. In this contribution, we describe two flavors of advanced receiver architectures (a) MMSE-IRC+CRS-IC and (b) eMMSE-IRC + CRS-IC, that can be used for control channel interference mitigation. We focus on possible challenges in reasonably implementing the advanced receiver architectures and discuss their scope for practical control channel mitigation.
Receiver architectures
In this section, we describe system equations for various receiver architectures for control channel interference mitigation. The NRx ×1 received signal vector at the UE in the kth sub-carrier and the lth OFDM symbol is given by
[image: C:\Users\sahaia\Desktop\Capture.JPG]  
where represents the NTx ×1 transmitted signal vector from j-th cell base-station and   represents the (NRx × NTx) channel matrix between the j-th cell base-station and the UE containing the contribution from all the receiver branches. In particular,  represents “own-signal”, i.e., signal transmitted by the serving cell base-station and   represents the channel from the serving cell base-station to the UE. The NStream × 1 recovered signal vector,  is obtained by the NStream × NRx receiver weight matrix W(k; l) as follows
[image: ]
Baseline MMSE receiver
The baseline MMSE receiver recovers the desired signal vector assuming that noise is AWGN. The MMSE receiver is given by
			[image: ]
where  and  are the estimated channel and noise power respectively. P1 is the transmission power of the serving cell and is given by .
MMSE-IRC + CRS-IC receiver
The first enhanced receiver that we describe is an MMSE-IRC+CRS-IC receiver. MMSE-IRC receiver attempts to mitigate dominant interference by handling it separately from the noise. The receiver weight matrix for MMSE-IRC receiver is given by

			[image: ]

While the structure of the MMSE-IRC receiver is similar to the baseline MMSE receiver, the covariance matrix is estimated differently. The covariance matrix estimation used in the MMSE-IRC receiver for CCH-IM will be similar to be the one used for PDSCH-IM. Following [2] (that describes MMSE-IRC receiver for PDSCH-IM), UE can estimate the covariance matrix, , for CCH-IM as follows
 		[image: ]

where  is the number of sampling CRS tones. Note that, for MMSE-IRC receiver UE can assume a per-RB level granularity for covariance matrix estimation. Also note that for the MMSE-IRC receiver, UE requires TPR estimation only for the serving cell. 

The receiver can be further enhanced by using CRS-IC, where the interference from the CRS signal of the dominant interferer(s) can subtracted from the received signal. The CRS tones of the dominant interferer(s) can be colliding and/or non-colliding with the CRS tones of the serving cell. In the colliding CRS scenario, CRS-IC will help reduce interference in estimating the channel of the serving cell. In case of non-colliding CRS, CRS-IC will eliminate (reduce) interference on the PDCCH tones of the serving cell. CRS-IC will require PCID (Physical cell ID) of the dominant interferer(s) in order to locate the CRS.
eMMSE-IRC + CRS-IC receiver
[bookmark: _GoBack]Now, we describe further enhanced receiver for CCH-IM which is a combination of e-MMSE-IRC and CRS-IC. The CRS-IC functionality of this receiver is identical to the CRS-IC functionality of the MMSE-IRC + CRS-IC receiver. However, eMMSE-IRC receiver differs from the MMSE-IRC receiver in covariance matrix estimation. For eMMSE-IRC receiver, the covariance matrix is estimated as
[image: ]
where NDI is the number of dominant interferer(s),  and  represents channel estimate and the signal power of the jth dominant interferer.  is the estimate of the noise power. 

Note that, for eMMSE-IRC the covariance matrix, , has to be estimated with per-RE granularity. Since control channel has per-CCE TPR granularity, Pj can change at a per-CCE level granularity. In order to perform per-RE covariance estimation, the UE needs per-CCE TPR estimation of the dominant neighbor cell. Due to block interleaving and PCID-dependent cyclic shift on control channel quadruplets, UE has to perform TPR estimation for all CCE candidates in neighbor cell. In order to locate potential CCE candidates, UE needs to know following information about the neighbor cell 

1. Cell ID
2. PHICH density (Ng) signaled by PBCH
3. PHICH duration signaled by PBCH
4. Number of control symbols signaled by PCFICH

Further, if UE needs to handle interference from PCFICH and PHICH, UE should perform separate TPR estimation for PCFICH and each PHICH group.

Conclusion 
In this contribution, we described the baseline MMSE receiver, and two possible advanced receivers (1) MMSE-IRC+CRS-IC and (2) eMMSE-IRC + CRS-IC receivers for control channel interference mitigation. For CRS-IC, UE will need PCID of the dominant neighbors. For MMSE-IRC, UE will need to estimate covariance matrix at per-RB granularity and it will require TPR estimation only for the serving cell. In contrast, for eMMSE-IRC, UE will need to estimate covariance matrix at per-RE granularity and it will require per-CCE level TPR estimates of all the dominant neighbors, in addition to the TPR of the serving cell.
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