3GPP TSG RAN Meeting #68
RP-150748
Malmö, Sweden, June 15 - 18, 2015

Agenda item:

13.1.4
Source:

Intel Corporation, ZTE
Title:
Motivation for new WI: Interference mitigation for downlink control channels of LTE
Document for:

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 this contribution we discuss motivation for the new work item on the interference cancellation and suppression receivers for control channels.

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 was introduced for almost blank subframes of the heterogeneous deployment scenarios. In LTE Rel-13, its support is expected to be extended to all deployment scenarios [3-4].

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 by means of 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. The better efficiency of control channel reception in such situation, can be translated to improved data throughput performance at the UE 

High spectral efficiency and, therefore, increased capacity of the control channel are necessary for LTE operation with licenced assisted access, where each component carrier with licensed assisted access would require PDCCH scheduling assignments transmitted from the carrier with licensed access when cross-carrier scheduling is used. With limited amount of control channel resources such cross-carrier scheduling approach would require more efficient resource utilization in control channel especially for the UEs receiving control information with high aggregation levels.
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 shows the PDSCH throughput performance for MCS#5 with and without control channel modelling with simple interference unaware MRC receiver (blue and red curve respectively). It can be seen that the performance benefits of Rel-12 NAICS for PDSCH are significantly reduced when demodulation of control channels is considered in the simulations. The noticeable performance loss is explained by less efficient control channel receiver operation comparing to the PDSCH performance with Rel-12 NAICS receivers.
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Figure 1. Performance of Rel-12 NAICS for PDSCH with and without modelling of interference in control channels.

Figure 1 also shows PDSCH throughput performance for MCS#5 with different types of enhanced control channel receiver structures: LMMSE-IRC applied on all OFDM symbol of the control region (magenta), E-LMMSE-IRC applied on the first OFDM symbol (cyan) and E-LMMSE-IRC applied on all OFDM symbol of the control region (green).
Figure 2 illustrates the potential BLER performance advantages by using interference aware receivers (including CRS-IC) 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 2. PDCCH performance with different receiver structures

To demonstrate the spectral efficiency improvement for control channel with enhanced receivers a system-level simulations were carried out with consideration of control channel transmission. Figure 4 shows the cumulative distribution function of the number of required control channel elements (CCEs) within one downlink subframe for PDSCH transmissions. It can be seen that in the considered scenario CCE demands for downlink scheduling and advanced E-LMMSE-IRC receiver for control channel can be reduced by around 30% comparing to simple receivers and, therefore, can increase the control channel capacity.
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Figure 3. Number of required CCEs for PDSCH transmission with different receivers
3. Conclusions

In this contribution we have discussed motivation for the new work item on the interference cancellation and suppression receivers for control channels. 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.
We also provided the several advantages of advanced receivers for downlink control channels such as balanced performance of control channels with PDSCH, more robust receiver operation in the interference limited cases, reduced PDCCH/EPDCCH blocking probability, more efficient link adaptation on PDCCH/EPDCCH, reduced control signalling overhead, reduced probability of RLF and etc. The benefits with advanced receiver for PDCCH have been also demonstrated by link and system level evaluations. 

Therefore, considering the substance of the advanced receivers, it is proposed to define new requirements for the advanced receivers in Rel-13 and the proposed new WI is provided in [5].
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