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1. Introduction
A new study item [1]  on Network Assisted Interference Cancellation and Suppression (NAICS) has been approved with the overall objective of evaluating potential gains, complexity and feasibility of UE IS/IC receivers to mitigate co-channel inter-/intra-cell interference resulting from physical layer control and data channel transmissions. Within this study, RAN1 is expected to identify deployment scenarios and inter-/intra cell interference conditions for evaluating IS/IC 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.
In this contribution we discuss interference conditions associated with neighbor point transmissions of physical layer control and data channel transmissions, whereas in the companion contribution [2] further details on deployment scenarios are discussed.
2. Victim and Interfering Physical Channels
LTE supports several different types of physical channels. From an interference mitigation perspective, the most important ones are channels that may be present in every subframe and hence span a significant portion of the resource elements. PDSCH, ePDDCH, and PDCCH all belong to that important category of channels. This is also in line with the study item description [1] that explicitly mentions that these channels should be considered. 

Observation

· According to study item description, investigations need to consider all of PDSCH, ePDCCH, and PDCCH

A physical channel may be a victim to interference but it may also represent an interferer; i.e., being an aggressor. Since there are three different types of physical channels considered, there are a total of nine different interference conditions that may arise when a physical channel of type A is interfered by a physical channel of type B. The nine interference conditions are illustrated in Table 1.
Table 1: Nine different channel interference conditions (CHICOs)
due to three different physical channel types.

	
	
	Interfering Channel

	
	
	PDSCH
	ePDCCH
	PDCCH

	Victim Channel
	PDSCH
	CHICO1
	CHICO2
	CHICO3

	
	ePDCCH
	CHICO4
	CHICO5
	CHICO6

	
	PDCCH
	CHICO7
	CHICO8
	CHICO9


Observation

· There are nine different channel interference conditions (CHICOs) arising from the three different physical channel types and whether a channel is a victim or an interferer
Proposal

· Techniques for mitigating interference on PDSCH, ePDCCH and PDCCH shall be studied assuming interference can come from PDSCH, ePDCCH, PDCCH, or a mixture thereof.

Although nine different CHICOs may seem like a large number of combinations to study, it is important to consider all of them. Otherwise the gains of NAICS risk being severely limited when significant residual interference levels still remain. For example, mitigating PDSCH interference does not help much if the first codeblock in a transport block is mainly hit by PDCCH interference. Similarly, a PDSCH that is still receiving interference from an ePDCCH would still suffer greatly

Some simplifications in our studies may be achieved by observing that DM-RS based PDSCH and ePDCCH are quite similar since ePDCCH obeys an RB-level mapping and re-uses the DM-RS patterns. Thus, a possibility is to view ePDCCH as a form of PDSCH in evaluations, at least when ePDCCH is the aggressor. This would effectively reduce the number of CHICOs in evaluations from nine to six.
Proposal

· At least when ePDCCH is an aggressor, consider simplifying evaluations by modeling ePDCCH similar to PDSCH
· This does not imply that ePDCCH is down-prioritized compared with other channel types
3. Partially Overlapping Victim and Aggressors
LTE exhibits great flexibility in what resources are used for the various physical channels. The PDSCH can be scheduled on a subset of the RBs, the PDCCH control region size may vary from one to three or four OFDM symbols and the set of RBs used for ePDCCH is semi-statically configurable. This flexibility creates a large variation in the interference properties, from one RB to another or even from one OFDM symbol to another. Another consequence is that a typical interference condition involves a victim physical channel interfered by partially overlapping interfering physical channels. It is only in rare occasions that there is perfect alignment between the victim physical channel and all aggressor channels. Figure 1 provides an illustration of when a victim PDSCH is interfered by a partially overlapping PDSCH and PDCCH. The transmission flexibility provided in LTE is there for a reason and this thus needs to be taken into account in the studies by considering partially overlapping channels as a typical interference condition.
Proposal

· Partially overlapping physical channels is a typical interference condition in the investigations
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Figure 1: A victim PDCCH and a victim PDSCH interfered by
partially overlapping aggressor PDCCH and PDSCH.

4. Conclusions

In this contribution we discussed interference conditions with respect to the downlink physical channels PDCCH, ePDCCH and PDSCH. As a consequence, we make the following observations 

· According to study item description, investigations need to consider all of PDSCH, ePDCCH, and PDCCH There are nine different channel interference conditions (CHICOs) arising from the three different physical channel types and whether a channel is a victim or an interferer
and proposals
· Techniques for mitigating interference on PDSCH, ePDCCH and PDCCH shall be studied assuming interference can come from PDSCH, ePDCCH, PDCCH, or a mixture thereof.

· At least when ePDCCH is an aggressor, consider simplifying evaluations by modeling ePDCCH similar to PDSCH
· This does not imply that ePDCCH is down-prioritized compared with other channel types
· Partially overlapping physical channels is a typical interference condition in the investigations

5. References

[1]  RP-130404, “Study on Network Assisted Interference Cancellation and Suppression for LTE”.
[2]  R1-132125, “On Remaining Details of NAICS Scenarios”, Ericsson, ST-Ericsson”.
[3]  RP-130393, “CRS Interference Mitigation for Homogenous Deployments”.
