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1
Introduction
The study on network-assisted interference cancelation and suppression is progressing to the stage where system level evaluation of identified receivers is starting in RAN1. According to the SID [1], RAN1 responsibility in the following stage of the NAICS SI would be as follows

(RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:

· Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC

· Work can start at different time for different reference receivers 

RAN4 has conducted e-mail discussions since RAN4#68 on the identified receivers, concentrating on issues such as relevant impairments, assumptions on the network assistance information, needed parameters, complexity, link abstraction, etc. To be more specific, according to the LS from RAN4 to RAN1 on the current status of the study in [2]:
· It is RAN4’s understanding that RAN1 will study system level modelling methods to take into account, with the input of RAN4, performance-affecting factors (e.g., interference condition, coordination assumptions, signalling requirements, channel estimation, interferer parameter blind or partially blind detection) for candidate NAICS receivers.

· RAN4 intends to provide further detailed description for candidate receiver at least for the purpose of system level modeling
However, currently this input is missing, which prevents the RAN1 work to start effectively.
Even though the necessary input from RAN4 is missing regarding e.g. the system level modeling work to be done by RAN1, we think that it would be beneficial to reduce the number of receivers under consideration. In this contribution we propose prioritization of the receivers to be studied in RAN1 evaluations, in case RAN1 is to do such prioritization.
2
Discussion
The following types of receivers have been identified by RAN4 to be studied under NAICS SI:

· Linear receivers

· Enhanced LMMSE-IRC

· Widely linear MMSE-IRC

· Symbol level interference cancelation receivers

· Symbol level maximum likelihood (SLML)
· Symbol level reduced complexity maximum likelihood (SL-R-ML)

· Symbol level interference cancelation (SLIC)

· Codeword level interference cancelation (CWIC) receivers

· Linear CWIC (L-CWIC)

· Maximum likelihood CWIC (ML-CWIC)

· Iterative reduced complexity maximum likelihood

In addition, it has been remarked by some companies that the interference cancelation in several of the receivers may be implemented in either serial or parallel fashion.
The high number of identified receivers is notable, as altogether 8 different receiver types have been identified. RAN1 effort would be needed not just to performance the system level evaluations for each of the different receiver types but also for each receiver a separate L2S mapping would need to be developed. It is clear that down-selection of the receivers would be beneficial in order to ensure high quality of performance comparisons and evaluations among the most promising receivers. Therefore, we suggest:
Proposal 1: Due to the high number of so-far identified receivers, down-selection on the receivers to be studied further is essential to ensure high quality comparisons and evaluations in the RAN1.

It is currently unclear whether such prioritization or down-selection is to be done, and whether it would be done by RAN1 or RAN4. It is to be noted that in the RAN4 email discussion also initial preferences on the receivers to be evaluated in system level were given among the companies. This issue is important, since the RAN1 effort on evaluating all the currently identified receivers with equal priority would be a wasted if RAN4 would later decide to stop further evaluation of some of those receivers. It is beneficial if such an event may be made less likely at this stage. In case RAN1 is to do the down-selection, we give here our preferences in the following.

In the RAN4 email discussion, the full SLML, ML-CWIC, and parallel IC implementations showed zero interest among the companies, and therefore they should not be studied further. Furthermore, only a single company showed interest in iterative ML receiver. Given that the iterative ML receiver moreover has been identified to be very complex in the RAN4 e-mail discussion, we further propose that also this receiver type should not be studied in RAN1 further.
Proposal 2: Based on RAN4 analysis on the different receiver structures, full SLML, ML-CWIC, and iterative (R-)ML receivers do not need to be further evaluated in RAN1.
On the remaining receivers, the reduced complexity ML (R-ML), symbol level IC (SLIC), enhanced LMMSE-IRC receivers showed wide interest among companies in the RAN4 email discussions. These receivers are also among the least complex to implement at the UE, and require least of network assistance to be operated. Therefore, these receivers should be prioritized in the RAN1 evaluations and investigations:

Proposal 3: E-LMMSE IRC, SLIC, and symbol level R-ML receivers should be given high priority in the RAN1 receiver evaluations and studies.
Given these rather clear proposals based on the observations and progress so far made in the NAICS SI, there are two identified receivers remaining that do not permit yet such a clear conclusion. These are the WLMMSE-IRC and LCWIC receivers.

On the WLMMSE-IRC receiver, only a single company has provided performance analysis so far showing significant gains. Moreover, WLMMSE-IRC requires a new modulation scheme to be adopted for the PDSCH transmission (PAM) which basically requires not just network assistance but also a PDSCH modulation redesign. However, the receiver is among the least complex to be implemented as compared to the LMMSE-IRC baseline. We note that the gain mechanism of WLMMSE-IRC comes from restricting the space that the transmitted signal spans, where the restriction is applied in the complex plane. However, such reduction may be applied in other domains as well, in a manner that implies less standard impact. To be specific, an example of such operation is restricting the interference to rank-1 transmission. All these schemes reduce the throughput obtained in a single link, but the reduction may be offset by the gain in the interference suppression capability of the UE receiver. However, the important difference is that rank restriction may be applied without any impact to PHY specifications, and may be obtained by pure network side coordination. 
Observation: WLMMSE-IRC relies on reduction of dimensionality of the space spanned by transmitted signals in a similar fashion as e.g. rank restriction/coordination in context with (E-)LMMSE-IRC receivers. As the gain mechanism is very similar, the gains are expected to be similar also.
In light of these observations we give the following proposal:

Proposal 4: WLMMSE IRC should not be considered further in RAN1 evaluations due to the implied considerable impact in terms of used modulation (PAM) to LTE PHY, and the existence of other schemes with similar gain mechanisms without such large impacts.
On the L-CWIC receiver, a smaller number of companies have shown further interest on studying it on system level in the RAN4 email discussion. At the same time, L-CWIC has been identified as considerably more complex to be implemented, and also requiring most knowledge on interference parameters from the so-far identified receivers. Most notably, the implementation of the L-CWIC requires full knowledge of the parameters of the interfering PDSCH transmission. The complexity scales with the number of interfering codewords and therefore having non-matching PDSCH allocations across the transmissions is not feasible when L-CWIC is operated. It is expected that the scheduling and link adaptation restrictions implied by L-CWIC more than offset the potential gains from L-CWIC. Therefore, allocating precious time for RAN1 evaluations of such a receiver is perceived as risky to the least. Based on these observations, we propose the following
Proposal 5: L-CWIC receiver should not be considered for further RAN1 evaluations due to the implied high complexity, losses due to implied scheduling and LA restrictions, and extremely high signalling needs.

3
Conclusion
In this contribution we presented our views and observations on the progress made so far in the NAICS SI. 
As detailed descriptions of the candidate receivers including related receiver parameters have not been made available by RAN4 so far, it will be therefore hard for RAN1 to progress too much at this point of time in terms of L2S mapping as well as system performance evaluations of the different candidate receiver types. 

Moreover, based on discussions in this document we propose some prioritization of the receiver types in the related RAN1 investigations captured in the following observations and proposals:

· Proposal 1: Due to the high number of so-far identified receivers, down-selection on the receivers to be studied further is essential to ensure high quality comparisons and evaluations in the RAN1.
· Proposal 2: Based on RAN4 analysis on the different receiver structures, full SLML, ML-CWIC, and iterative (R-)ML receivers do not need to be further evaluated in RAN1.

· Proposal 3: E-LMMSE IRC, SLIC, and symbol level R-ML receivers should be given high priority in the RAN1 receiver evaluations and studies.

· Observation: WLMMSE-IRC relies on reduction of dimensionality of the space spanned by transmitted signals in a similar fashion as e.g. rank restriction/coordination in context with (E-)LMMSE-IRC receivers. As the gain mechanism is very similar, the gains are expected to be similar also.

· Proposal 4: WLMMSE IRC should not be considered further in RAN1 evaluations due to the implied considerable impact in terms of used modulation (PAM) to LTE PHY, and the existence of other schemes with similar gain mechanisms without such large impacts.

· Proposal 5: L-CWIC receiver should not be considered for further RAN1 evaluations due to the implied high complexity, losses due to implied scheduling and LA restrictions, and extremely high signalling needs.
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