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1. Introduction
In RAN 59, study on Network-Assisted Interference Cancellation and Suppression for LTE is approved and the objectives of the SI are as follows [1]:
1.  (RAN1) For data/control channels of interest,  identify and agree on realistic deployment scenarios and co-channel inter- and intra-cell interference conditions (including corresponding network/transmission parameters)  for evaluating different interference cancellation (IC) or interference suppression (IS) receivers, including the following two main scenarios:

· Intra-cell interference resulted from current SU-/MU-MIMO operation 

· Inter-cell interference based on deployment scenarios prioritized in Rel-11, taking into account scenarios, once defined, under Rel-12 WIs/SIs such as small cells.

2. (RAN4) Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility  

· Analyze complexity and feasibility of basic receiver structures 

· Receiver structures based on linear MMSE IRC, successive interference cancellation, and maximal likelihood detection are considered as a starting point for reference IS/IC receivers

· Work can be conducted in parallel to step-1

· Based on the RAN1 scenarios agree on co-channel inter- and intra-cell interference models for link-level simulation 

· Evaluate the link-level gain over baseline Rel-11 linear MMSE-IRC receivers and Rel-11 non-linear receivers required for FeICIC

· Indicate (to RAN1) assumptions on the network assistance information for the evaluated receivers under possible network coordination 
3. (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 

Note 1 - All evaluations shall take into account practical transmission and feedback overhead/error/delay and realistic eNB and UE impairment modelling including timing/frequency error and backhaul delay.

Note 2 – The study will cover both TDD and FDD deployments, and both CRS based transmission (including PDSCH and PDCCH) and DMRS-based transmission (including PDSCH and EPDCCH). The study should take into account the co-channel interference scenarios arising from homogeneous and heterogeneous networks including small-cell related WI/SI in Rel-12. 

Note 3 – The study should consider techniques and operation scenarios in other SI/WI (e.g., enhanced DL-MIMO, enhanced CoMP, New Carrier Type, and small cell enhancement), and duplication of work should be avoided.
In this document, we discuss scenarios and the types of advanced receivers that should be considered.
2. Scenarios 
Based on the first objective in the [1], we categorize scenarios for NAICS that should be considered in the NAICS SI and briefly describe needed signaling assistance for each scenario. 
Scenario 1: SU-MIMO 
This is the simplest scenario of intra-cell and inter-cell interference mitigation, SU-MIMO where PDSCH to a single UE is carried by multiple layers from single cell or multi-cell (e.g.CoMP). In this scenario, the target UE already acquires all information by DCI for mitigation of interference from other layers in the sub-frame on which the UE is scheduled. Therefore, RAN1 specification effort might not need for this scenario but the performance requirements is needed. 
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Figure 1 (a) single-cell SU-MIMO                        (b) Multi-cell SU-MIMO
Scenario 2: Single-cell MU-MIMO 

In this scenario, a target UE is interfered by the other layers of co-scheduled UE(s). Therefore, additional information of the co-scheduled UE is required by the UE to cancel out or suppress the interference, for example, whether other UE is multiplexed with in other layers, the number of layers that the interfering UE is using and total system rank at the corresponding subframe, etc. Details of signalling assistance is described in next section, which is highly dependent on the receiver types and the level of interference cancellation(IC), i.e. demodulation and IC or decode and IC. 
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Figure 2 Single-cell MU-MIMO
Scenario 3: Multi-cell MU-MIMO 

A target UE is interfered by the other UE scheduled by the other eNB and similar to the scenario 2, additional information of the other UE should be provided for the UE to cancel out or suppress the interference. Now that interfering UE is scheduled by the other eNB, more signalling assistance is needed and eNBs coordination should be done in advance.  

For this scenario, backhaul condition (e.g. capacity, latency, etc) should be considered and design of the signalling assistance is dependent on this. Realistic X2 backhaul which is suggested to consider  in enhanced CoMP WID proposal [2], ideal backhaul as considered in CoMP WI in Rel-11 and/or another type of backhaul which is in the middle of X2 and ideal backhaul can also be considered. However, in order not to duplicate work in other SI/WI, we can simply consider ideal backhaul as a starting point. 
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Figure 3 Multi-cell MU-MIMO
3. Advanced Receivers 

Though the identification work for reference IS/IC receivers is up to RAN4, it would be better to study the advanced receivers and corresponding specification work for network assistance in RAN1 as well. Here, we briefly elaborate three type of advanced receivers for the network assisted interference cancellation and suppression:

· linear MMSE IRC receiver
· ML detection or interference cancellation receiver after demodulation

· Interference cancellation receiver after decoding

As more achievable performance gain by interference cancellation a receiver has, more information on the interfering signals the receiver should have. 
A linear MMSE IRC receiver has been discussed during CoMP SI [3] and the interference estimation based on DM-RS and PDSCH has been studied in RAN4 [4], where DM-RS based interference covariance matrix estimation is shown better performance. The UE estimates channel matrix of the desired signal using the DM-RS and then subtract it from the received signal, by which the interference covariance matrix is estimated. 
For the ML detection or interference cancellation(IC) receiver after demodulation, the UE needs more information to cancel or suppress interference. First of all, UE needs RS information of dominant interferers: using the RS sequence, UE can identify the interfering signal to cancel out. In addition UE needs modulation order of the interfering signal to cancel out so that the UE is able to decide the constellation points of the interfering signal. UE also may need the rate-matching information of interference signal in order to subtract the interfering PDSCH REs exactly.

The last type of receiver on the table is interference cancellation(IC) receiver after decoding, which is most complex and requires large amount of information on the interfering signal. This type of receiver decodes interfering signal and regenerate it to cancel out it. Therefore, the UE needs decoding information of the interfering signal, i.e. resource assignment, modulation order and code rate, HARQ process and etc. Though this type of receiver has better performance over the IC receiver after demodulation in general, the performance/complexity trade-off, implementation feasibility and specification impact should be studied. 
In this section, we looked into three types of receivers to be considered in the NAICS SI in short. Each receiver types have different performance/complexity and specification impact. Having the study on the receiver types, RAN1 should not develop receiver type-specific solution but the common solution for network assisted interference cancellation and suppression covering all the scenarios described in Section 2.
4. Conclusion

In this contribution, we described valuable scenarios to be covered by the NAICS SI and advanced receiver types. We prefer all of the listed scenarios should be considered by the SI and common solution that covers all the scenarios should be developed in RAN1. In addition, RAN1 should study the receiver types and corresponding specification/implementation impact as well. 
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