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1 Introduction

In RAN 4 66bis initial discussions took place on Network Assisted Interference Cancellation (NAICS), [1]. The following was concluded:
· Inter-cell interference 

· Intra-cell interference scenario 

· SU-MIMO (rank-2): Interested companies can bring in results in the next meeting.

· MU-MIMO 

· Companies are encouraged to define methodologies for link-level interference modeling for MU-MIMO

· Synchronization assumption 

· Synchronous: 1st Priority 

· Need to model frequency and timing synchronization error, but assuming single FFT at UEs.

· Reuse CoMP or FeICIC assumptions (depending on the scenarios) 

· Asynchronous: 2nd Priority  

· Desired (PDSCH) and interference channels (PDSCH)

· First priority / starting point

· Other interference scenarios can be considered 

· FFS: Transmission modes

· Interference modelling

· General methodology for link level modeling

· Inter-cell interference modeling: The general principle is to reuse the same methodology used for MMSE-IRC. FFS on interference profiling under FTP model and/or full buffer. 

· FFS: Intra-cell interference modeling

· FFS: Geometries of interest

Additionally document [2] provides the list of possible receivers which companies have proposed during RAN 4 66bis together with guidelines for the analysis in RAN 4 67.

· Companies are encouraged to bring results for their choices of receiver types beginning from RAN4#67. The results may include

· Performance evaluation

· Complexity

· Required interferer parameter knowledge

· Other relevant aspects

· The performance evaluation may include

· Evaluation with (full and partial) and without network assistance / interference knowledge

In this paper we provide initial simulation results based on Symbol level IC (SLIC) and Linear Code word level SIC (L-CWIC). 

We provide performance with genie aided SLIC and L-CWIC and we compare the performance with the baseline LMMSE-IRC to highlight the potential gains of different receiver types. 

2 Simulation results 
In order to evaluate initially the potential performance gain the legacy Type A tests are considered:
Test 1: from 36.101 in Section 8.2.1.2.4 (TM3). Test 1 is run with CQI delay 2 SF and period 1 ms to avoid high variation, 30000 SF were considered.
Test 1B: from 36.101 in Section 8.2.1.2.4 (TM3) with a single interferer at DIP -1 dB
Test 2: from 36.101 in Section 8.2.1.4.1B (TM4), is run with original CQI delay and period at 30000 SF.
All the tests are considered under synchronous network conditions without any timing or frequency error impairment. It should be noted that the impairments as agreed in RAN 4 66bis will need to be included into the simulation evaluations.

Additionally all the tests are conducted by considering the following
· Neighbor Cell MCS is randomly selected from CQI table in a random way (uniform probability), rank is randomly selected according to 36.101

· Serving Cell MCS and rank is completely based on CQI feedback with an outer loop to get 10% BLER. Follow PMI and follow RI is also considered.
· Genie NC information about MCS, allocation, rank etc... 

Note that the random selection of the MCS for the neighbor cell is a generic assumption which follows the assumptions for precoding and rank selection as described in 36.101 for the rel-11 advanced receiver tests. It should be noted that in reality the probability of selecting a certain TBS is not uniform and low TBS are rarely selected. 
The results are shown for the case when only PDSCH is cancelled (for test 1 and test 1B, 2 non colliding CRSs are considered but these are not cancelled). Cancelling CRS-IC would of course increase the gains obtained in these scenarios.
Under this test all the control regions have the same size and hence there is no interference coming from e.g. PDCCH of other cells. In general we think that CRSs, PDCCH and ePDCCH should be modeled in new tests set up even if RAN 4 first concentrate on defining the gains associated to cancelling solely PDSCH as per agreement. 
Under the above mentioned conditions Figure 1, 2 and 3 show the performance of LMMSE-IRC as baseline receiver, Symbol level IC (SLIC) and Linear Code word level SIC (L-CWIC) for genie assistance, i.e. the UE has perfect and instantaneous knowledge of all the necessary parameters to properly estimate and compensate for the interference for the three tests.
The potential performance gain is ~0.7dB when multiple interference sources are present. In case a single dominant interference is instead present, as in test 1B (Figure 2), the gains are substantially higher (2dB).
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Figure 1. Performance results for Test 1 with SLIC, L-CWIC and LMMSE-IRC.
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Figure 2. Performance results for Test 1B with SLIC, L-CWIC and LMMSE-IRC.
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Figure 3. Performance results for Test 2 with SLIC, L-CWIC and LMMSE-IRC.
It should be noted that L-CWIC and SLIC provides very similar gains even when all the information is available at the UE (the UE has perfect instantaneous knowledge of the modulation used by the interferers). However the complexity associated to L-CWIC is considerably higher wrt to SLIC because it requires turbo decoding and encoding of all the interfering signal (1 or 2 in those tests). Additionally this may increase latency due to turbo decoding and encoding processing of all the interferers.  
While a test can be of course be defined such that the UE is able to successfully decode the PDSCH of the interfering cell, this does not represent practical situation where the probability of being able to decode an MCS which is optimized according to the CQI reporting of a different UE is not considered to be large. This is particularly true for UEs which are located at the cell edge with mid-low SNR conditions. This is main reason why, as shown by these figures, the L-CWIC does not provide significant gains wrt SLIC, i.e. most of the time the interfering PDSCH cannot be decoded (too high MCS compared to the wanted cell SNR) even with known parameters. 
Hence we propose to de-prioritized L-CWIC compared to other receivers. Note that for intra-cell SU-MIMO case L-CWIC could instead be considered.

3 Conclusions
In this paper we have provided initial simulation results with LMMSE-IRC as baseline receiver, Symbol level IC (SLIC) and Linear Code word level SIC (L-CWIC) for genie assistance, i.e. the UE has perfect and instantaneous knowledge of all the necessary parameters to properly estimate and compensate for the interference for the three tests. 

We conclude the following:

These figures show ~0.7-0.8dB gain for both TM4 and TM3 tests. In case a single dominant interference is instead present, as in test 1B (Figure 2), the gains are substantially higher (2dB).
The limited gain is mainly due to the fact that there is not a strong dominant interferer as per these tests set up which are meant to mimic macro-macro cell edge interference.

In other scenarios the expected gains need to be assessed as well.

Additionally we think that L-CWIC may not necessarily provide good gains in real deployment as it may be difficult for the UE to decode the interfering data with modulation and coding scheme which has been optimized for another UE. Additionally the complexity associated with this receiver is considerably higher than SLIC for example. We think that L-CWIC can be de-prioritized compared to other receivers. 
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