Page 1

3GPP TSG-RAN WG1 #72bis
R1-131415
April 15 – April 19, 2013
Chicago, IL, USA
Agenda item:
7.2.8
Source: 
Qualcomm Incorporated
Title: 
Deployment Scenarios and Interference Conditions for NAIC
Document for:
Discussion/Decision
1
Introduction
In RAN#59, a new study item on network assisted interference cancellation and suppression (NAIC) has been approved. The SI has three aspects [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  

· Analyse 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
In this paper, we present our view on the deployment scenarios and interference conditions for NAIC. 
2
Deployment Scenarios for NAIC

2.1
Rel 11 and Rel 12 Deployment Scenarios

As suggested in [1], NAIC deployment scenarios with inter-cell interference should be based on Rel 11 and Rel 12 deployment scenarios. In this section, we briefly review the main scenarios considered in Rel 11 and Rel 12. 
There are many different deployment scenarios considered in Rel 11 and Rel 12. Examples include the four scenarios considered in CoMP as shown in Figure 1, and four scenarios considered for small cell as shown in Figure 2. In addition, the HetNet deployment scenarios have been studied extensively for FeICIC in Rel 11, the geneal concept with cell range extension is also shown in Figure 1 Scn-3. 
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Figure 1 Rel 11 CoMP and FeICIC Scenarios
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Figure 2 Rel 12 Small Cell Scenarios
2.2
Deployment Scenarios for NAIC
As discussed in Section 2.1, there is a large number of deployment scenarios considered for Rel 11 and Rel 12. For NAIC, clearly we need to prioritize the deployment scenarios. 
We propose to prioritize the following deployment scenarios for NAIC:
· NAIC Scenario 1: Homogeneous deployment of Macro cells
· NAIC Scenario 2: FeICIC HetNet scenario with large bias

Between these two scenarios, homogeneous deployment can be prioritized depending on the RAN1 and RAN4 work load. 
2.2.1. NAIC Scenario 1: Homogeneous deployment 

This scenario focuses on the LTE deployments with homogeneous cells. As shown in Figure 3, in homogeneous deployment, UE on the cell edge can suffer from other cell interference. Advanced receiver will be able to cancel or suppress the other cell interference and achieve better link efficiency and system throughput. 
Under the homogeneous deployment, due to different deployment density and propagation models of small cells or low power nodes (LPN), the interference condition could be different from Macro cell homogeneous deployment. We propose to prioritize homogeneous deployment with Macro cells. 
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Figure 3 NAIC Scenarios 1 with Homogeneous Deployment
2.2.2. NAIC Scenario 2 with HetNet Deployment
For NAIC Scenario 2, we consider the Rel 11 HetNet deployment scenario. As shown in Figure 4, in the CRE region, the interference signal from Macro can be much stronger than the desired signal from the LPN. 
· With the Rel 11 FeICIC design approach, the Macro cell will need to configure almost blank subframes (ABS) to allow UE to operate in the CRE region. 
· With NAIC, advanced receiver will be able to effectively cancel or suppress interference and allow Macro to simultaneously schedule users on the same subframes. 
For this scenario, the same FeICIC with large handover bias should be considered as baseline for evaluation. 
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Figure 4 NAIC Scenario 2 with HetNet
3
Interference Conditions for NAIC

As we discussed in Section 2, we will prioritize intercell over intra-cell interference cancellation/suppression. For the evaluation of intercell interference, we prioritize the following interference conditions: 
· Transmission modes:

· Although there are 10 transmission modes defined up to release 11, we prioritize the following transmission modes:

· First evaluate TM2, TM3, TM4 

· Then study TM8, TM9 and TM10

· This prioritization is based on the fact that currently TM2, TM3, TM4 are already widely deployed, advanced receiver techniques can benefit most for the already deployed networks. This prioritization also naturally allows different focus of CRS based vs. DMRS based demodulation. 
· Interference loading scenarios:

· Interference loading from neighbor cells is large unknown to the UE. We propose to study both fully loaded and partially loaded scenarios, but first focus on fully loaded scenarios for simplicity. 

· Control Span

· Another key consideration is the possibility of different control spans for different users. The control symbols in an LTE subframe can potentially occupy symbols 0 through 2. However, the control span of two or more users need not be the same within this constraint and this could lead to control symbols colliding with data symbols and vice versa. This impacts interference processing for data symbols as well as control symbols.

· We propose to study both cases but first focus on interference conditions with the same control span for simplicity.  

· MBSFN vs. Unicast:

· Unicast interference conditions should be prioritized over MBSFN. 

4
Signaling for NAIC

The required level of network assistence depends heavily on the advanced receiver types. The following advanced receiver types might be considered in RAN4:

· Linear MMSE-IRC: this is the baseline receiver type
· Successive interference cancellation (SIC): including both codeword level IC or symbol level IC
· Maximum likelihood (ML) receiver

The level of interference signal knowledge differs greatly among different receiver types. Based on the three phases specified in the SI report, we propose to focus on the NAIC scenario and interference conditions for the first two meetings, and discuss the requirements on the network signaling aspects only after RAN4 performance evaluation of the different receiver types. 

5
Conclusion

In this contribution, we presented our view on NAIC deployment scenario and interference conditions. Based on the current LTE deployments as well as future deployment trend, we proposed the following evaluation scenarios to be studied:

· NAIC scenario 1 focusing on homogeneous deployment of Macro cells
· NAIC scenario 2 focusing on heterogeneous deployment

· The same FeICIC deployment scenario can be used as default

Within these two scenarios, we prioritize NAIC scenario 1 over NAIC scenario 2 depending on the RAN1/RAN4 work load.

For the interference conditions, we propose the following prioritization:

·  TM2/3/4 over TM8/9/10 based on current LTE deployments

· Consider first fully loaded case of non-MBSFN interference with the same control symbol span for simplicity
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