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1. Introduction
The first discussion on the new study item, ‘network-assisted interference cancellation and suppression’ (NAICS) was made during RAN4 #72bis, Chicago, USA. The terminologies for multiple receiver type have been agreed in [1], and it was also suggested that interested companies bring the preliminary test results of the receiver structure of their own interest. There are multiple receiver types that have been indicated to have great potentials to provide significant gains. These receiver types include enhanced LMMSE-IRC, ML and/or SIC variants. In this contribution, we present some preliminary performance results of those receivers.
2. Performance with Interference 
In this contribution, we only consider the throughput of PDSCH channel with the interference from PDSCH of neighbor cell [3]. Based on the DIP study according to the RAN1 agreed scenario and simulation evaluation assumption of FTP traffic model [4], we observe cases with a single and two dominant interferers, which are the focus of the link level study here. As RAN4 does not have any specific agreements on DIP profiling for NAICS receiver, we for now use the similar test environments defined in [2]. For simplicity, we use DIP of -1.73 and -8.66 dB. This was the DIP values used for geometry of -2.5dB in the previous study. The transmission mode (TM) is TM9 in both the serving and interfering cell. 
We use perfect and estimated channel information in the evaluation. The case with perfect channel would provide quick understanding on the ultimate performance gain of each receiver. In the meanwhile, it is expected that the knowledge of the desired and interference channel significantly impacts the overall performance. To enable channel estimation of the interferers, which needs further discussion, we assume for the simulation that:
· Same 
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(i=0,1) configured in the serving cell and two interferences cell, and port 7 and 8, which is orthogonal in this case since both also 
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=0,  are assumed to be used for serving and the 1st interference cell (both rank-1).
· The 2nd interference also transmits on port 7, but using a different 
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so that DMRS sequences are different on port 7.
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Figure 1. Performance of LMMSE-IRC, E-MMSE-IRC, ML, L-CWIC with single interference (MCS 7, EVA 5 Hz, Left plot with perfect channel estimation, Right plot with estimated channel)
Figure 1 illustrates the performance of the four receiver types under investigation with single interference. The key test environments are specified in the caption. Note that SNR is the desired signal to noise ratio, excluding interference.
Observation 1: Compared with the baseline LMMSE-IRC receiver, E-LMMSE-IRC, ML and L-CWIC receiver all show noticeable gain, with ideal or estimated channel. L-CWIC receiver has the best performance as long as SNR>-3dB, and the gain can reach more than 2dB even with estimated channel. Note the simulation setting is for a single interferer using orthogonal DMRS ports.   
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Figure 2. Performance with two interferences (Left plot with perfect channel estimation, Right plot with estimated channel)
The performance with two interferers is shown in Figure 2. Note that the 2nd interferer uses the same port 7 as the desired user in this case, but different DMRS sequences. We did not include ML results as the increased complexity to a total of 3 streams may make it a less appealing option to SIC type of receivers. 
Observation 2: With two interferers, L-CWIC receiver still shows significant gain over LMMSE-IRC and E-LMMSE-IRC receivers. The gain can reach ~3.5dB under ideal channel estimation, but still get ~2dB gain even with realistic channel estimation, thanks to the cancellation of both data and DMRS. 
Since E-LMMSE-IRC, ML, and L-CWIC receivers all need per-subcarrier channel knowledge, and the gain depends on the accuracy of estimated channel, it is important to model the channel estimation error for both desired and interference channels. Before channel estimation, some knowledge of reference signal (RS) sequences is needed, including the total number of interfering streams.  Otherwise a UE has to detect the number of interfering streams, possibly from many RS hypotheses. There will be then a robustness issues where false or misdetection could have a big impact to the receiver performance, which also needs to be modeled accurately. 
The orthogonality of RS sequences obviously plays an important role on channel estimation error which is otherwise a function of the SINR for the stream of interest. Unfortunately DMRS or CRS is normally non-orthogonal among the cells, unless it is closely coordinated by the cells. In our example of the simulation set up, we need to assume the desired and 1st interference cell configured the same 
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and port 7 and 8 respectively in order to get orthogonal antenna port. Such assumption will not occur normally, or if it is the case UE does not know anyway. 
Proposal 1: RAN4 should particularly focus on the sensitivity of receiver performance on channel estimation errors at various SINR point of interest, including interference detection if UE must detect it by itself. 
Proposal 2: The provisioning of orthogonal and unorthogonal RS could be a RAN1 topic on feasibility of various configuration assumptions. But RAN4 could help RAN1 to develop a suitable model for both orthogonal and unorthogonal RS.
From the results, we can easily see that the gain is not the same over the entire SNR range of interest, especially for L-CWIC. Currently, RAN4 does not have solid agreement on the receiver type that would eventually be used in RAN1’s system level simulation. However SIC type of receiver has shown some promising gain and can be further studies, from both link and system level perspectives. The dependency of SIC gain is likely a reflection of the sensitivity of signal reconstruction error.  
Proposal 3: RAN4 could focus on at least SIC type of receiver (e.g., L-CWIC) and study further the performance sensitivity of reconstruction/cancellation error, which could help RAN 1 to develop suitable model to allow early system level simulation.
3. Conclusion 
In this contribution, we discussed the preliminary results on the receiver performance. We presented the performance of LMMSE-IRC, E-LMMSE-IRC, L-CWIC, and ML receiver. The observations include:
Observation 1: Compared with the baseline LMMSE-IRC receiver, E-LMMSE-IRC, ML and L-CWIC receiver all show noticeable gain, with ideal or estimated channel. L-CWIC receiver has the best performance as long as SNR>-3dB, and the gain can reach more than 2dB even with estimated channel. Note the simulation setting is for a single interferer using orthogonal DMRS ports.   
Observation 2: With two interferers, L-CWIC receiver still shows significant gain over LMMSE-IRC and E-LMMSE-IRC receivers. The gain can reach ~3.5dB under ideal channel estimation, but still get ~2dB gain even with realistic channel estimation, thanks to the cancellation of both data and DMRS. 
Based on the observation, we propose:
Proposal 1: RAN4 should particularly focus on the sensitivity of receiver performance on channel estimation errors at various SINR point of interest, including interference detection if UE must detect it by itself. 

Proposal 2: The provisioning of orthogonal and unorthogonal RS could be a RAN1 topic on feasibility of various configuration assumptions. But RAN4 could help RAN1 to develop a suitable model for both orthogonal and unorthogonal RS.
Proposal 3: RAN4 could focus on at least SIC type of receiver (e.g., L-CWIC) and study further the performance sensitivity of reconstruction/cancellation error, which could help RAN 1 to develop suitable model to allow early system level simulation.
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