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1 Introduction
In RAN # 58, a study item on network assisted interference suppression and cancellation was proposed with 20+ supporting companies [1]. However, this RAN1-led study item was postponed due to RAN1 overload. In the same meeting, RAN4 chairman indicated that there is capacity to accommodate the RAN4 components of this SI if there is consensus to start the RAN4 studies. Subsequently, it was proposed that the RAN4 components of the study item to be started immediately with the RAN1 components putting on hold. This initiative was again not approved due to a lack of clarify on the scope of RAN4 studies and the interaction with the RAN1 components.

In this contribution, we provide a way forward on how to progress receiver enhancement studies in Rel-12.
2 Proposal
The study item “Study on Network-Assisted Interference Cancellation and Suppression for LTE” in [1] provides a broad framework of a joint study between RAN1 and RAN4 on receiver interference mitigation with network assistance. We still fully support this study with the expectation that some aspects of the studies could be concluded early such that there is enough time to complete a work item on receiver enhancement in Rel-12.
We believe there is an urgency to start the RAN4 aspects of the receiver enhancement work in April independent of the approval of the Network Assisted IC/IS study item in RAN#59. In order to facilitate the discussion in a timely manner, we provide a RAN4-led draft SID template for consideration. If [1] could not be agreed, we would propose to convert this discussion paper into a SID for approval in RAN#59.

2.1 Justification and Scope of a Potential RAN4-led SI

Network coverage and typical UE performance is increasingly dominated by inter-cell interference as LTE network load increases. In Rel-11, MMSE interference rejection combining (MMSE-IRC) receivers were studied and the corresponding performance requirements were introduced. This type of receivers provides interference suppression based on linear operations at the UE, which lead to low receiver complexity. As the UE hardware capability increases in each release, we expect some higher performance and higher complexity interference cancellation techniques to become feasible in the Rel-12 time frame.

If a RAN-led study item is to be introduced, we should not consider network assistance for a few reasons: network assistance-based interference mitigation have been studied extensively in Rel-11 in feICIC and CoMP work items; additional network assistance-based interference mitigation is being studied in Rel-12 in DL-MIMO, eIMTA and small cell SI/WI’s; receiver enhancement without network assistance could potentially benefit legacy deployment scenarios. At the same time, we do not preclude discussions on simple network signaling to disable or enable UE interference cancellation if there are robustness benefits.

If a RAN4-led study item is to be introduced, we should focus on inter-cell PDSCH interference in homogeneous networks. One consideration is that transmitter side interference muting/avoidance together with CRS-IC have been addressed in Rel-11 feICIC and CoMP for macro-pico and RRH scenario 3 and 4 deployments. Another consideration is that inter-cell PDSCH interference dominates the overall interference in practical networks with medium to heavily loading. The goal of this study is to improve network coverage and busy hour performance, which naturally leads to PDSCH interference mitigation. Intra-cell interference in homogeneous networks is mostly associated with cells with MU-MIMO, which is currently being studied under the DL-MIMO enhancement work item. 

In Table 1, we listed the difference between a potential RAN4-led SI and [1]
Table 1 Comparison of scope of [1] and a potential RAN4-led SI

	
	Network assisted interference suppression and cancellation SI [1]
	PDSCH interference cancellation for homogeneous networks

	Leading working group(s)
	P: RAN1
S: RAN4
	P: RAN4
S: RAN1

	Network assistance
	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.
	None. 

Signaling to disable IC could be discussed

	Deployment scenarios
	Homogeneous and heterogeneous networks; taking into account scenarios, once defined, under Rel-12 WIs/SIs such as small cells.
	Homogeneous networks up to Rel-11

	Interference
	Inter-cell and intra-cell interference; SU-MIMO inter-stream interference
	Inter-cell interference

	Channels to cancel
	Control and data
	PDSCH

	Network loading
	TBD
	Medium to heavy loading


Overall, the focus of this potential study item (inter-cell PDSCH interference cancellation in homogeneous networks without network assistance) is very similar to an earlier RAN4-led MMSE-IRC receivers work item in Rel-11. The main difference is on the relaxation of linear receivers to other receiver types, which could potentially provide more gains. 

In terms of work plan, this potential SI would take 5 RAN4 meetings to complete. Details are provided in the Appendix.

3 On CRS-IC
In RAN#58, there was a proposed WID on CRS interference cancellation for homogeneous networks under partial loading networks [2]. Since CRS-IC receiver has already been specified in Rel-11, the incremental benefit of the new CRS-IC study item is questionable. Since network coverage and busy hour UE performance is dominated by PDSCH interference in homogeneous networks, cancellation of CRS alone is not expected to bring significant gain. However, CRS-IC could be considered as a component of PDSCH-IC for better channel estimation and data demod performance. 

4 Conclusions
In this contribution, we evaluated different options for advanced receiver studies. While maintaining our support on the network assisted interference cancellation study item [1], we also provide an alternative RAN4-led study item in case the RAN1 lead item [1] could not be approved in RAN#59. A draft SID is provided in Appendix for information.
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Justification *

Network coverage and typical UE performance is increasingly dominated by inter-cell interference as LTE network load increases. In Rel-11, MMSE interference rejection combining (MMSE-IRC) receivers were studied and the corresponding performance requirements were introduced. This type of receivers provides interference suppression based on linear operations at the UE, which lead to low receiver complexity. As the UE hardware capability increases in each release, we expect some higher performance and higher complexity interference cancellation techniques to become feasible in the Rel-12 time frame.
In this study item, we do not consider network assistance for a few reasons: network assistance-based interference mitigation have been studied extensively in Rel-11 in feICIC and CoMP work items; additional network assistance-based interference mitigation is being studied in Rel-12 in DL-MIMO, eIMTA and small cell SI/WI’s; receiver enhancement without network assistance could potentially benefit legacy deployment scenarios. At the same time, we do not preclude discussions on simple network signaling to disable or enable UE interference cancellation if there are robustness benefits.
In this study item, we focus on inter-cell PDSCH interference in homogeneous networks. One consideration is that transmitter side interference muting/avoidance has been addressed in Rel-11 feICIC and CoMP for macro-pico and RRH scenario 3 and 4 deployments. Another consideration is that inter-cell PDSCH interference dominates the overall interference in practical networks with medium to heavily loading. The goal of this study is to improve network coverage and busy hour performance, which naturally leads to PDSCH interference mitigation. Intra-cell interference in homogeneous networks is mostly associated with cells with MU-MIMO, which is currently being studied under DL-MIMO enhancement. 
As a continuation of the RAN4-led MMSE-IRC receivers work item in Rel-11, this SI further relaxes the restriction of linear MMSE receivers to new receiver types, which could potentially provide more gains.
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Objective *

The objectives of this Study Items are:

1. Identify and agree on inter-cell interference model in synchronous homogeneous networks for evaluating PDSCH interference mitigation receivers
· 3GPP Case 1 as a starting point
· Colliding and non-colliding CRS between the serving and interfering cells should be considered
· Deployment scenarios /parameters used for MMSE IRC receiver SI/WI should be reused as much as possible
· Determine the number of dominant interferers and dominant interference proportion (DIP) values based on interference limited scenarios with typical network loading
2. Identify reference receivers 

· No network assistance is assumed

· PDSCH symbol level interference cancellation receiver is a starting point
· CRS interference cancellation should be considered if necessary for PDSCH interference cancellation
· Analyze complexity and feasibility of candidate receiver structures 
3. Evaluate the link and system level performance gains of the identified receivers
· Evaluate the fixed reference channel (FRC) based link-level performance gain over baseline Rel-11 linear MMSE-IRC receivers
· Evaluate the closed-loop link-level performance gain over baseline Rel-11 linear MMSE-IRC receivers
· Evaluate the system-level gain of advanced receivers over baseline Rel-11 linear MMSE-IRC receivers 
Work plan for RAN4:

· TSG RAN4 #66bis (April 2013): 

· Narrow down candidate deployment scenarios and system level simulation assumptions to identify the interference models. 

· Discussion of candidate receivers and their feasibility
· Discussion on link and system level performance metrics
TSG RAN4 #67 (May 2013): 

· Review initial interference statistics for the candidate scenarios and agreement on the final system level simulation assumptions.
· Agreement on the baseline receiver to be studied.
· Agreement on the link level performance metrics (FRC and/or closed-loop)
TSG RAN4 #68 (August 2013): 

· Review of system level simulation results and agreement on link level simulation assumptions
· Analysis of link level performance of the baseline receiver (FRC and/or closed-loop)
· Agreement on the system level performance metrics and scheduling assumptions
TSG RAN4 #68bis (October 2013): 

· Review and calibrate link level performance of the baseline receiver
· Review of system level performance with un-calibrated interference cancellation modeling
· Agreement on the baseline receiver link level performance modeling to be used in system level performance studies
TSG RAN4 #69 (November 2013): 

· Review of final system simulation results

· Conclusion on PDSCH interference cancellation gain in synchronous homogeneous network deployments.
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