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Discussion
1. Introduction
Receiver-based approach to cope with co-channel interference issues for the LTE downlink has attracted a lot of attention during the last two releases. However, the study in 3GPP, so far, has been focused on the interference aware receiver structures applicable for demodulation of the PDSCH. As the physical channels are expected to provide a comparable robustness under a similar interference conditions, the usage of the interference aware receivers should be also considered for other physical channels.
In addition to receiver-based approaches, transmitter-based interference coordination/mitigation approaches have also been considered in previous LTE releases for enhanced PDCCH (EPDCCH). Due to lack of HARQ when compared to PDSCH, EPDCCH may require more robust design to mitigate severe interference as has been observed during the study of Rel-12 Small Cell Enhancement PHY SI. Transmitter-based interference mitigation scheme to protect EPDCCH PRBs by coordination among cells can be considered to achieve stable and efficient EPDCCH performance. 
In this contribution we discuss motivation for the study on the (1) interference cancellation and suppression receivers for control channels and (2) inter-cell-interference coordination enhancement for EPDCCH. We will also provide the possible scope and objectives of such study for future release.

2. Receiver-based interference mitigation
2.1. LTE receiver enhancements for PDSCH
Release-11 receiver enhancements

In LTE Rel-11, the PDSCH demodulation performance requirements for a minimum mean square interference rejection combining (MMSE-IRC) receiver was introduced to cope with inter-cell interference issues by using a spatial structure of interfering signals and two antennas at the UE [1]. MMSE-IRC receiver does not require a priori knowledge of the interference structure, since the interference covariance matrix can be estimated directly on CRS or DMRS transmitted by the serving cell. 
Release-12 receiver enhancements

In LTE Rel-12 for synchronous networks the PDSCH performance for the interference limited scenarios is expected to be further improved by considering non-linear interference cancellation and suppression receivers such as Maximum Likelihood (ML) and symbol level interference cancellation (SLIC), which also take into account a discrete nature of the interfering signals. Comparing to MMSE‑IRC, the ML and SLIC receivers require additional information on the parameters of the interfering signals, which can be estimated at the receiver or some a priori information can be provided to the receiver by the network via signalling assistance [2].
Finally, the additional protection to the PDSCH from CRS interference from the neighbouring cells could be provided by CRS interference cancellation (IC) receiver. In Rel-11 CRS-IC receiver were introduced for almost blank subframes of the heterogeneous deployment scenarios. In LTE Rel-12 or future releases, its support is expected to be extended to all deployment scenarios [3].

2.2. Motivations for receiver enhancements for control channel and use case scenarios
In spite of extensive study and several UE receiver enhancements for the PDSCH for LTE in the last two releases, the receiver performance requirements for the downlink control channels such as PDCCH, PCFICH, PHICH, and EPDCCH are still based on AWGN assumptions. Therefore, the inter-cell interference suppression capability of the UE receiver for the downlink control channels is not ensured in LTE. On the other hand, the usage of the more advanced receivers for demodulation of the downlink control channels offer several advantages such as
· balanced performance of control channels with PDSCH

· more robust receiver operation in the interference limited cases
· scenarios with cell range extension in HetNet
· handover regions
· reduced PDCCH/EPDCCH blocking probability, 
· more efficient link adaptation on PDCCH/EPDCCH

· reduced control signalling overhead,
· reduced probability of RLF, etc.
In heterogeneous deployment scenarios, the advanced receivers for control channel may compliment the eICIC and alleviate the need of the large number of ABS subframes, which in most of the cases comes at the cost of the reduced peak data rate on the macro cell layer. In the handover region, where the signal with control information usually has lower received signal power comparing to the power of interfering signals (due to handover margin), the advanced receiver structures can provide a more robust handover procedure, minimizing probability of the radio link failure. Such scenarios are typical in the macro deployments with high mobility or dense small cell deployments. Similar to PDSCH, the CRS interference cancellation from the interfering cells might be beneficial to improve the performance of the control channels. Under the same interference conditions, the reduced control signalling overhead and PDCCH/EPDCCH blocking probability for the advanced receivers can be achieved via usage of the lower aggregation level for the transmission of the control information. These advantages in some cases can be translated to improved data throughput performance at the UE.
Therefore, further studies on the possibility of using advanced receiver structures capable of inter-cell interference cancellation and suppression for the downlink control channels are required.
Figure 1 illustrates the performance advantages from using interference aware receivers (e.g. E-MMSE-IRC or ML) for demodulation of PCFICH/PDCCH for two PDCCH aggregation levels of 4 and 8 CCEs under partial and full loading of control channel from the neighbouring cell. It can be seen that the efficiency of control channel performance can be substantially improved over conventional MRC receivers. 
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Figure 1. PDCCH performance with different receiver structures

3. Transmitter-based interference mitigation 

Transmitter-based interference coordination/mitigation approaches have also been considered in previous LTE releases. For example, in Rel-8/Rel-9, ICIC based on frequency-domain interference coordination scheme to reduce co-channel interference between cells by exchanging power restriction (RNTP) at PRB-level. In Rel-11, eICIC is introduced as a time-domain coordination scheme to reduce co-channel interference between cells by applying ABS (almost blank subframes) for a dominant interferer. Additionally, enhanced PDCCH (EPDCCH) is introduced in Rel-11 to improve the control region ICIC performance in frequency domain. For Rel-12 and beyond, as the cells being very densely deployed (e.g. small cell deployment scenarios), the inter-cell interference becomes more severe under such dense deployment scenarios. 
Due to lack of HARQ when compared to PDSCH, EPDCCH may require more robust design to mitigate severe interference as has been observed during the study of Rel-12 Small Cell Enhancement PHY SI. Transmitter-based interference coordination/mitigation scheme to protect EPDCCH PRBs by coordination among cells can be considered to achieve stable and efficient EPDCCH performance. Some potential enhancements to support the inter-cell-interference coordination enhancement for EPDCCH have been initially studied for small cell deployment. Further study is important by taking into account the tradeoffs of EPDCCH ICIC techniques and overall network spectral efficiency and possible implications on feedback designs.

4. Scope of the study item

In general the scope the study should target identification of the interference aware receiver structure and interference coordination scheme that can be used for control channel interference mitigation. In particular, the following subtasks should be resolved:

1. Which of the existing LTE receiver structures can be also used for interference cancellation and suppression on the control channel?

2. What are the performance gains of such receivers comparing to the baseline interference unaware receiver?

3. Whether network assistance can reduce the complexity of the receiver and improve its performance?

Additionally, the study on interference coordination/mitigation scheme should be considered to understand the trade-offs of EPDCCH ICIC techniques and overall network spectral efficiency and possible implications on feedback designs.
5. Potential example of the study item proposal
The example of a study item proposal is given below for further discussion. We focus on only the “Justification” and “Objective”.

Justification *

In LTE Rel-11, the PDSCH demodulation performance requirements for a minimum mean square interference rejection combining (MMSE-IRC) receiver was introduced to cope with inter-cell interference issues by using a spatial structure of interfering signals and two antennas at the UE. In LTE Rel-12 for synchronous networks the PDSCH performance for the interference limited scenarios has been further improved by considering more advanced interference cancellation and suppression receivers at the UE, which also take into account a discrete nature of the interfering signals.

In spite of several UE receiver enhancements for the PDSCH, the receiver performance requirements for the downlink control channels (such as PDCCH, PCFICH, PHICH, and EPDCCH) are still based on AWGN assumptions. Therefore, the inter-cell interference suppression capability of the UE receiver for the downlink control channels is not ensured in LTE. In addition to UE receiver enhancements, coordination enhancements for eNBs transmitter could be used to further improve the EPDCCH performance. The usage of the more advanced receivers for demodulation of the downlink control and advanced interference coordination/avoidance for EPDCCH offer several system-level advantages such as balanced performance of control channel with PDSCH, reduced control signalling overhead, robust receiver operation in the interference limited cases (including handover scenarios or scenarios with cell range extension), improved link adaptation for PDCCH/EPDCCH, reduced PDCCH/EPDCCH blocking probability, etc. 

Therefore, further studies on the possibility of using advanced receiver structures capable of inter-cell interference mitigation and advanced interference coordination/avoidance techniques for the downlink control channels are required.

Objective *

The main objective of the study item is to identify interference aware receiver structures that can be used to improve the link-level performance LTE downlink control channels (PDCCH, PCFICH, PHICH, EPDCCH) in the presence of inter-cell interference and to identify interference coordination/avoidance techniques that can be used to improve the system-level performance of LTE downlink control channels. The detailed objectives include:

· Identify practical interference aware receivers that can be used for inter-cell interference cancellation and suppression for the control channels (PDCCH, PCFICH, PHICH and EPDCCH) to specify a new performance requirement taking into account the existing PDSCH receiver structures.
· Focus on the existing receiver structures studied in Rel-11/12.
· Identify scenarios and realistic link-level interference models for the downlink control channels to evaluate the performance of the identified interference aware receivers.
· Evaluate the performance gains of the receivers in the identified inter-cell interference models.

· For PDCCH, PCFICH, PHICH the initial focus of the study should be on the receiver structures capable of interference cancellation and suppression from CRS and control channels of interfering cells. 
· Identify the potential eNB semi-static signalling support that can be used to improve the performance of the downlink control channel receivers and/or reduce their complexity.

· Identify practical transmitter based interference coordination/avoidance techniques of (e)ICIC enhancement to multi-cell deployment scenarios that can be used for control channels such as EPDCCH. Evaluate the performance gains of the interference coordination/avoidance techniques.
6. Conclusions

In this contribution we have discussed motivation for the study on the interference cancellation and suppression receivers for control channels. The possible scope and objectives of such study for Rel-13 is also provided.
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