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1. Introduction

At the last RAN plenary meeting, network-assisted interference cancellation and suppression for LTE was agreed as a Release 12 SI in RAN WG1 and WG4 [1]. As the first step for this SI in RAN WGs1 and 4, the objectives were determined as follows.
· (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.
· (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
In this contribution, we discuss deployment scenarios and interference conditions including interference modeling schemes to evaluate IS or IC receivers for Rel. 12. Additionally, our views on performance evaluation methodologies using link-level simulations including candidate of receiver structures for Rel. 12 are described.
2. Evaluation Conditions for Rel. 12 IS/IC Receivers
In the past investigations for the Rel. 11 enhanced UE receiver SI, demodulation performance of the MMSE-IRC receiver was specified based on the investigations in the SI phase [2]. According to the Rel. 11 SI, the performance of the MMSE-IRC receiver was evaluated in accordance with the following three steps:

· Step 1: Network scenario identification
· Step 2: Interference modelling based on system level simulation
· Step 3: Link performance evaluation using interference modelling

Regarding Step 1, we feel that the current SI scope is too wide and we need to focus on fewer scenarios. Therefore, in this contribution, our views on scenarios that should be addressed are described.
2.1. Network Scenarios
To model the evaluation conditions, we discuss deployment scenarios and synchronization between eNodeB traffic models in this section.
· Deployment scenarios

As an operator, user throughput improvement for IS/IC receivers should be required in various deployment scenarios; otherwise, features for disabling signalling should be supported. Therefore, it seems that multiple deployment scenarios should be considered. However, when considering the SI timeline, at least the following two deployment scenarios should be given priority.

First, a homogeneous network with a non-ideal backhaul as illustrated in Fig. 1(a) seems to be the worst case for the IC receiver when only assuming inter-cell interference. This is because it seems difficult for the IC receiver to demodulate interfering signals in this scenario. However, even when assuming this scenario, a non NW-assisted IS receiver might achieve some throughput improvement.
Second, a heterogeneous network with a quasi-ideal backhaul between macro cells and small cells as illustrated in Fig. 1(b) seems to be the best case for the IC receiver. This is because the case where both the desired and interfering signal power levels are significantly high can be considered. More specifically, UEs connected to small cell (macro cell) would receive the desired signal with a high received power although these UEs suffer from severe interference from the other cell. In this case, if the IC receiver can cancel the interfering signals, the received quality, i.e., the received SINR, might be much improved. Furthermore, since the IC receiver does not use the spatial degrees of freedom to cancel the signal, it is possible to increase the number of transmission ranks, and hence the user throughput might be improved significantly as illustrated in Fig. 2. Note that we give priority to the cases where any no (F)eICIC and CoMP operation is performed since these operations can reduce the inter-cell interference. Therefore, the improvement in the user throughput for IS/IC receivers is not expected.
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(a) Homogeneous network with non-ideal backhaul      (b) Heterogeneous network with quasi-ideal backhaul between macro cells and small cells
Figure 1 – Deployment scenarios
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Figure 2 – Usage case for IC receiver in heterogeneous network
 (Proposal 1)
Following deployment scenarios should be given priority.

· Homogeneous network with a non-ideal backhaul
· Heterogeneous network with a quasi-ideal backhaul between macro cells and small cells
· We give priority to cases where no (F)eICIC and CoMP operation is performed 
· Synchronization between eNodeBs
Regarding homogeneous networks, although synchronization between collocated eNodeBs is easily performed, we need to consider two cases for synchronization between eNodeBs that are separately located. Therefore, at least the following two cases should be investigated.

· Case 1: Synchronized network, i.e., all eNodeBs are synchronized (Fig. 3(a))

· Case 2: Asynchronized network, i.e., only co-located eNodeBs are synchronized (Fig. 3(b))

For Case 2, the inter-cell interference is categorized into two parts, i.e., synchronized interference originated from co-located eNodeBs, and asynchronized interference. 
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Figure 3 – Synchronous and asynchronous network models for homogeneous networks.

Regarding heterogeneous networks with a quasi-ideal backhaul between macro cells and small cells, small cells are assumed to be connected to the macro cell via an optical fiber. Therefore, synchronization between a macro cell and a small cell within its coverage and synchronization among small cells within the coverage of the same macro cell can easily be assumed. Note that regarding the synchronization among sites, both synchronized networks and asynchronized networks can be considered. 
(Proposal 2)

The following synchronization scenarios should be investigated.

· Homogeneous network with a non-ideal backhaul
· Synchronized network between all eNodeBs

· Asynchronized network between eNodeBs in different sites
· Heterogeneous network with a quasi-ideal backhaul between macro cells and small cells
· Synchronized network between a macro cell and a small cell and among small cells within the coverage of the same macro cell
2.2. Interference Assumptions
To assume the interference conditions for evaluating IS/IC receivers, our views on intra-/inter-cell interference are described in this section.
· Intra-cell interference
Intra-cell interference, this interference is caused by inter-user interference in MU-MIMO operation. Currently, MU-MIMO is not a major operation and it is unclear whether MU-MIMO operation will be used widely in the future. On the other hand, SU-MIMO has been widely used since Rel. 8 LTE. Therefore, SU-MIMO operation should be given priority in the Rel. 12 SI. 

· Inter-cell interference

As described in [1], the inter-cell interference should be based on deployment scenarios. Furthermore, this interference should be modelled to evaluate the performance of IS/IC receivers. As for the modelling schemes, we consider that a similar approach to that for the Rel. 11 SI, i.e., using dominant interferer proportion (DIP), should be re-used. Details of DIP calculations are described in [2]. 
(Proposal 3)

· Intra-cell interference 
· SU-MIMO operation should be given priority
· Inter-cell interference

· Should be modelled based on a similar approach to that for the Rel. 11 SI
2.3. Channels of Interest
Regarding the data/control channels of interest, Rel. 12 IS/IC receivers could achieve the highest improvement in user throughput for interference mitigation on data channels, i.e., PDSCH, among all channels. Therefore, PDSCH should be given priority in the Rel. 12 SI. In regard to the control channels, since control channel interference could be resolved by using the EPDCCH, we consider it a low priority for investigations in the Rel.12 SI. However, it might be beneficial to focus on the PDCCH since this interference cannot be avoided. Therefore, investigation of the PDCCH may be pursed if needed.

(Proposal 4)

· PDSCH should be given priority in the Rel. 12 SI

3. Receiver Structure Candidates for Rel. 12
Receiver structures for Rel. 12 should be given priority to achieve higher gains in a wide range of deployment scenarios. Based on this idea, we propose the following IS and IC receiver structures. Note that detailed features are summarized in Table I.
· MMSE-IRC enhancement for Rel. 12

As an IS receiver candidate, we consider the Rel. 11 MMSE-IRC enhancement. The difference from Rel. 11 MMSE-IRC receiver is whether or not the channel matrices for interfering signals are estimated. For the Rel. 11 MMSE-IRC receiver, the statistics of interference signals were estimated based on the covariance matrix estimation [2]. Therefore, the estimation of channel matrices for interfering signals was not required.
In contrast, Rel. 12 MMSE-IRC enhancement receiver estimates the channel matrices for not only the desired signal but also for interfering signals, and generates a covariance matrix based on the estimated channel matrices. Based on this enhancement, the accuracy of the covariance matrix estimation may be improved when the estimated channel matrices for interfering cells are highly accurate. As a result, the user throughput might be improved due to suppressing the interference signals accurately.
· Successive interference cancellation (SIC)

As an IC receiver candidate, the SIC receiver seems the most likely candidate. Although the SIC receiver should demodulate or decode the interference signals to cancel these signals from the received signals that includes the desired signal, interfering signals, and noise component, the spatial degrees of freedom are not wasted. Therefore, when the demodulation accuracy of interfering signals is high, the user throughput performance might improve significantly. However, it is challenging to demodulate the interfering signals with high accuracy since the desired signals become severe interference. 
· Maximum likelihood detection (MLD)

As another IC receiver candidate, the MLD receiver can be considered. However, the computational complexity level becomes extremely high according to the number of interfering signals and MCS levels. Therefore, currently, we do not give priority to this receiver. 
Table I – Features for Candidates of IS/IC Receivers
	
	Rel. 11 IRC [TR36.829]
	Rel. 12 IRC enh. (DOCOMO’s views)
	Rel. 12 SIC                      (DOCOMO’s views)
	Rel. 12 MLD                      (DOCOMO’s views)

	Rx Processing 
	Linear processing (IS)
	Non-linear processing (IC)

	Complexity
	Low
	Middle
	High

	Using information for processing
	· Channel matrix 

· Serving cell

· Covariance matrix

· Interference +noise
	· Channel matrix 

- Serving/(dominant) interfering cells 

( Covariance matrix
	· Channel matrix 

· Serving/(dominant) interfering cells

· Interfering signal information

	Target scenario
	· Inter-cell interference-limited environment (e.g., cell-edge)  
	· Inter-cell interference-limited environment (e.g., cell-edge)
· Inter-stream interference-limited environment (e.g., cell-center, MU-MIMO)

	Expected gain level
	· Cell-edge: Medium
# Note: Achieving 20-30% gains at cell-edge
	· Cell-edge: Medium         
~High?
	· Cell-edge: Medium  

                          ~Low? 

· Cell-center: Medium
	· Cell-edge: Medium

· Cell-center: Medium  

                         ~High?

	Cons 

(or No-gain scenario)
	No gains are achieved except at cell-edge                            when No. of Rx antennas is limited                          (i.e., 2-Rx antennas)
	Gains are suspicious at cell-edge in the presence of interfering signals using high-order MCS
	Very high complexity according to No. of interference signals and MCS levels.


4. Performance Requirements

The Rel. 11 MMSE-IRC receiver promises improvement in the user throughput performance compared to the Rel. 8 baseline receiver in a cell-edge environment among macrocells [2].  In contrast, past investigations for the Rel. 11 MMSE-IRC receiver did not focus on other environments such as a heterogeneous network as mentioned in Section 2.1. This is because the Rel. 11 MMSE-IRC receiver, which has two receiver antennas, cannot suppress inter-cell interference when the desired signals are transmitted in a multi-stream transmission due to a lack of spatial degrees of freedom. Therefore, at least, the user throughput performance for the Rel. 12 IS/IC receivers should improve compared to that for the Rel. 8 baseline receiver including the Rel. 11 MMSE-IRC receiver.
As mentioned in Section 2.1, improvement in the user throughput for IS/IC receivers should be required in various deployment scenarios; otherwise, the feature of disabling signalling should be supported to exclude some receiver types that degrade the user throughput in specific environments from the network. 
(Proposal 5)

· User throughput performance for Rel. 12 IS/IC receivers should outperform the Rel. 11 MMSE-IRC receiver and Rel. 8 baseline receiver
(Proposal 6)

· Disabling signalling seems to be effective to exclude some receiver types that degrade the user throughput in specific environments from the network
5. System-level Simulation for Rel. 12 IS/IC Receivers

To evaluate the actual system performance for Rel. 12 IS/IC receivers, a system-level simulation should be conducted including realistic estimation and operation errors. We are now considering at least the following three types of errors that should be included.
· Channel estimation error

· Covariance matrix estimation error for IS receiver such as the scheme based on complex Wishart distribution in [2]

· Demodulating/decoding error of interfering signals for IC receiver

6. Conclusion

In this contribution, the views on evaluation scenarios for IS/IC receivers for Rel. 12 were discussed. Furthermore, the conditions for evaluation were proposed.
(Proposal 1)

The following deployment scenarios should be given priority.

· Homogeneous network with a non-ideal backhaul
· Heterogeneous network with quasi-ideal backhaul between macro cells and small cells
· We give priority to cases where no (F)eICIC and CoMP operation is performed  
(Proposal 2)

The following synchronization scenarios should be investigated.
· Homogeneous network with a non-ideal backhaul

· Synchronized network between all eNodeBs

· Asynchronized network between eNodeBs in different sites
· Heterogeneous network with a quasi-ideal backhaul between macro cells and small cells
· Synchronized network between a macro cell and a small cell and among small cells within the coverage of the same macro cell

(Proposal 3)

· Regarding intra-cell interference:
· SU-MIMO operation should be given priority
· Regarding inter-cell interference:
· Should be modelled based on a similar approach to that for the Rel. 11 SI

(Proposal 4)

· PDSCH should be given priority in the Rel. 12 SI

(Proposal 5)

· User throughput performance for the Rel. 12 IS/IC receivers should outperform  the Rel. 11 MMSE-IRC receiver and Rel. 8 baseline receiver
(Proposal 6)

· Disabling signalling seems to be effective to exclude some receiver types that degrade the user throughput in specific environments from the network
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