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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 cell transmissions of physical layer control and data channel transmissions as well as CRS, whereas in the companion contribution [2] 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.

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. CRS Interference

Even if all interference from PDSCH, PDCCH and ePDDCH could be completely removed, there is on a legacy carrier still substantial interference stemming from CRS transmissions. These are always-on type of signals and thus particularly problematic as their resulting interference level does not scale with the system load. 
Observation

· CRS transmissions contribute with significant interference

It is reasonable to expect that gains due to interference mitigation schemes would reduce significantly in the absence of CRS-IC since the CRS would then still pollute the radio environment and raise the overall noise level. Thus, it is important that the schemes considered in this study item include CRS-IC. 
Unfortunately due to the limited current RAN4 requirements it is not clear whether UEs support CRS-IC in subframes other than the small subset of ABS subframes configured for measurements. It is also not clear whether CRS-IC is supported unless the CRS interference is totally dominating. Obviously, the current RAN4 requirements prevent efficient exploitation of CRS-IC in network deployments. To address this issue, a parallel study item in RAN4 has been started on investigating CRS-IC outside the scope of ABS and when interference and signal of interest may be more balanced.

Observation

· Gains of NAICS interference mitigation techniques on legacy carriers depends on whether CRS-IC is used or not
· Gains are likely to reduce if UEs are not simultaneously performing CRS-IC in all subframes
· Currently not clear to what extent UEs support CRS-IC outside scope of ABS

· RAN4 requirements only available for CRS IC in subframes configured for measurements (i.e., in a small subset of subframes), and moreover only for totally dominating CRS interference

· Impact of joint use of CRS-IC with NAICS schemes need to be investigated
A study item on CRS-IC outside the scope of ABS is started in RAN4 [3] but targets only homogeneous networks. According to NAICS SI [1] co-channel interference scenarios arising from both homogeneous and heterogeneous networks are to be taken into account in the investigations and evidently CRS-IC outside the scope of ABS has to be considered also in the heterogeneous deployment scenarios. 
Proposal

· Evaluations of NAICS schemes should be done in conjunction with CRS-IC considered on all subframes

In particular, CRS interference should be appropriately modeled in all evaluations assuming legacy carriers. Absence of such modeling implies that the evaluations are corresponding to an NCT carrier, for which CRS transmissions are essentially absent.
Observation
· Even with CRS-IC, there is still significant residual CRS interference which needs to be modeled
Proposal

· Regardless whether CRS-IC is used or not, CRS interference should be appropriately modeled in all evaluations assuming legacy carriers
· Evaluations not modeling impact of CRS interference are considered to be applicable only for NCT carriers
Current RAN4 performance requirements for CRS-IC are based on the assumption that a UE mitigates two different CRS transmissions. From this perspective it appears reasonable to in NAICS evaluations assume that if a UE supports CRS-IC, then it has the ability to mitigate at least two CRS interferers. Once the study item on CRC-IC in RAN4 concludes, it would be possible to update these assumptions concerning the ability to mitigate CRS interference if deemed needed.
Proposal
· In case CRS-IC is used in evaluations, mitigation of at least two CRS transmissions should be assumed as baseline.
5. Interference Strength
In practice, interference levels vary greatly. Sometimes, there is a single dominating interferer and in other cases there is a multitude of interferers of similar strength. In situations where cell selection offsets are used, a dominating interferer could even be substantially stronger than the signal of interest for some UEs, for example for UEs deep out on the range extension zone. Naturally, the distribution of interferers and their strength relative signal of interest depend on the deployment scenario. In any case, it is important that deployment scenarios cover several different interference strength situations to have a wide applicability of NAICS schemes.
Proposal

· Conditions with respect to interference strength include single dominating interferer as well as when interferer is of similar strength as signal of interest.

6. Conclusions

In this contribution we discussed interference conditions with respect to the downlink physical channels PDCCH, ePDCCH and PDSCH, and the reference signal CRS. The following observations and proposals were made:

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

· CRS transmissions contribute with significant interference

· Gains of NAICS interference mitigation techniques on legacy carriers depends on whether CRS-IC is used or not
· Gains are likely to reduce if UEs are not simultaneously performing CRS-IC in all subframes
· Currently not clear to what extent UEs support CRS-IC outside scope of ABS

· RAN4 requirements only available for CRS IC in subframes configured for measurements (i.e., in a small subset of subframes), and moreover only for totally dominating CRS interference

· Impact of joint use of CRS-IC with NAICS schemes need to be investigated

· Even with CRS-IC, there is still significant residual CRS interference which needs to be modeled
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.

· Partially overlapping physical channels is a typical interference condition in the investigations

· Evaluations of NAICS schemes should be done in conjunction with CRS-IC considered on all subframes

· Regardless whether CRS-IC is used or not, CRS interference should be appropriately modeled in all evaluations assuming legacy carriers
· Evaluations not modeling impact of CRS interference are considered to be applicable only for NCT carriers
· In case CRS-IC is used in evaluations, mitigation of at least two CRS transmissions should be assumed as baseline
· Conditions with respect to interference strength include single dominating interferer as well as when interferer is of similar strength as signal of interest.
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