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1 Introduction
In this contribution, we discuss the symbol level interference cancellation (SLIC) receiver, a candidate receiver proposed in the last RAN4 meeting for NAICS performance evaluations. We outline the core receiver architecture and interference parameters required by this receiver. In the previous RAN4 meeting, we presented simulation results for the SLIC receiver with genie-aided network signalling. In this paper, we present simulation results with fully blind detectors at the UE to estimate interferer parameters without any network assistance.
2 Symbol Level Successive Interference Cancellation (SLIC) Receiver
The block diagram for a symbol level IC receiver is shown in Figure 1. As with other core receiver architectures, the SLIC receiver takes the channel estimate and extracted interferer parameters as inputs. The CRS based channel estimates may be available through CRS-IC. As outlined in [1], the symbol level IC receiver can have up to N decoding stages, one for each transmitting user. In the i-th stage, the IC receiver detects/decodes symbols from the i–th cell and then cancels it from the received symbols.
· Front end: The core SLIC receiver performs detection and interference cancellation at a modulation symbol level for each interfering user. We refer to these set of operations as the ‘front end’. 

· Back end: Once the symbol level cancellation for all the interfering cells is complete, the serving cell information is decoded using the Turbo decoder, which is referred to as the ‘back-end’ in this document.

· Total Complexity (approx.) = N(CCE + CFE) + CBE
· The front end and channel estimation scales linearly in the number of interferers, while the back-end decoding is performed only once.

[image: image1.emf]
Figure 1: Block diagram for SLIC
3 Performance, Complexity and Signalling Aspects

3.1 Performance

The SLIC receiver derives performance benefits by detecting and cancelling interferers’ symbols prior to decoding the serving cell, particularly enabling the receiver to handle strong interferers effectively which the linear receiver is less capable of. The performance gain is a function of the amount of interference parameter information available to the UE. In the previous meeting, we proposed the two pronged approach to evaluate the interference knowledge aspect.
Step 1: Evaluate performance results with genie-aided network signalling. 

· For the sample case of TM4 with Rank1 transmissions with TM4-Rank1 interferers using QPSK, 16 QAM and 64 QAM, we presented the performance results with the genie-aided network signalling in the last RAN4 meeting (#66bis). 
· Results shown in [1] demonstrated that symbol level IC shows a clear performance gain of 2-3 dB (depending on the region) compared to the baseline LMMSE-IRC receiver. This result serves as an upper bound on the network signalling aspect for this receiver structure. 

Step 2: Evaluate performance results with no network assistance (fully blind SLIC receiver)
· Shown below are results with fully blind detection at the UE to obtain interferer parameters with no network assistance. The scenario considered here is that of a TM4 serving cell with Rank1 transmissions using QPSK and 16 QAM with a TM4-Rank1 interferer using QPSK. These results are for an open loop setting with a fixed modulation selection.
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Figure 2(a): SLIC- TM4-Rank1 Interferer (QPSK), TM4-Rank1 Serving (MCS 9, QPSK) with Fully Blind UE
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Figure 2(b): SLIC- TM4-Rank1 Interferer (QPSK), TM4-Rank1 Serving (MCS 16, 16 QAM) with Fully Blind UE

Examples of SLIC performance gain with blind detection at the UE (no network signalling) and with genie-aided signalling is shown for serving cell transmissions using MCS9 (QPSK) and MCS16 (16 QAM) is shown in Figure 2a and 2b respectively. This example considers an interferer using TM4-Rank1 transmissions with QPSK at I/N of 5 dB. As described in [3], this I/N level of 5 dB is observed for the homogeneous NAICS scenario 1. For NAICS scenarios 2a and 2b, even higher I/N levels are likely and opening the possibility of higher advanced receiver gains.

Symbol level IC with fully blind detection at UE shows a clear performance gain compared to the baseline LMMSE-IRC receiver, and the performance of blind detection is very close that of genie-aided signalling especially when the interferer is stronger than the serving cell. In general, higher interference level is expected to lead to larger interference cancellation gains. TM4 rank-1 is simulated for both serving and interfering signals, which makes the baseline LMMSE-IRC receivers work better compared to the rank 2 serving/interference case. However, the setup of colliding CRS penalizes LMMSE-IRC receivers.
3.2 Blind Parameter Estimation
As stated, the above results are presented for a SLIC receiver that uses fully blind detection of interferer parameters at the UE without any network signalling. The SLIC receiver requires the following interferer transmission parameters:
· Transmitted signal strength, which includes the traffic to pilot ratio (TPR) for PDSCH channels.
· Spatial precoding scheme, which varies depending on the transmission mode.
· Modulation format, which specifies the constellation from which the transmit symbols are chosen, as determined by the MCS.
Observations: Advantages of a fully blind UE implementation:

1. First, it eliminates the need for large amounts of signaling (precoding, modulation order etc.) at sufficient granularity required by the UE – which could be per-RB or per-subband. 
2. Secondly, it is advantageous to have a receiver architecture which is able to function smoothly depending on different levels of network signaling – without relying on specific assumptions about network signaling at the outset.
Another candidate in the category of successive interference cancellation receivers is CWIC (codeword level successive interference cancellation receiver) [1][2]. SLIC receivers use detected modulation symbols to cancel out the interference from the received symbols whereas CWIC receivers perform the full decoding of the signals from a given cell followed by cancellation. Although it is possible that CWIC receivers may provide additional gain to SLIC under specific conditions, the following are some advantages of SLIC over CWIC.
Advantages of SLIC over CWIC:
· 1. Signaling: CWIC receivers compared to SLIC require a) the exact encoding scheme information and b) exact rate matching information (including RB allocation) of each interferer. Such information may not be easily available unless provided by network signalling, which may incur significant signalling overhead.
· 2. Complexity: 
· Turbo decoder complexity: CWIC introduces additional complexity to perform codeword decoding and re-encoding, also introducing large latencies in the receiver chain. Turbo decoder is a very large part of the receiver complexity and it would have to be repeated N times for as many interferers with CWIC.
· Multiple Partial Overlap: In case the RB allocation of the target PDSCH from the serving cell partially overlaps with those from interferers, CWIC may require joint cancellation and decoding of multiple PDSCHs’ from multiple cells. Please refer to [1] for further details on partial overlap of interferers.
· 3. Network Coordination: An alternative to minimize complicated RB allocation overlap among interferers is to employ a network coordination scheme which may impose constraints on scheduling etc. Such an approach is likely to first reduce the maximum achievable throughput via said constraints before enhancing the UE’s capability to achieve this lowered achievable throughput, likely reducing the overall gains of CWIC compared to SLIC, which does not require scheduling constraints.
4 Conclusions
The performance of SLIC receivers with blind interferer parameter detection at the UE is discussed in this paper. In the previous meeting, results were shown for the case of TM4 serving and interfering cells with genie-aided network signalling, presenting an upper bound on network assistance schemes for the SLIC receiver. The results here present a lower bound on the same.
· Based on the gains that are observed with fully blind UE implementation, SLIC receivers are a feasible choice for interference mitigation in Rel-12 UEs.
· SLIC receiver performance with fully blind detection is promising for this case, suggesting that incremental signalling of some nature may yet be a viable choice. Clearly, performance needs to be studied over a multitude of scenarios in RAN4 to answer this question.
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