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Discussion and decision
1
Introduction
In previous RAN#59 meeting, the study on network-assisted interference cancellation and suppression (NAICS) for LTE has been approved. The first RAN1 objective captured in the SID states the following [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.

In this contribution we elaborate on the physical channels of interest and transmission modes relevant to be considered by NAICS work. Further considerations on the scenarios are provided in a companion contribution [2]. 
2
Targeted channels and transmission modes
The scope of the study item is rather large with both data and control channels included, as well as various forms of interference. Also nothing has been ruled out in terms of transmission modes. In order to ensure timely completion of the study item, clearly some prioritization is needed. In this section we provide some views on where to focus the work in terms of physical channels of interest as well as in terms of transmission modes.

2.1 
Physical channels of interest
Interference may take various forms and is linked to the considered network deployment scenarios and operation (e.g. transmission mode, scheduling). Nevertheless, interference may be in general categorized according to physical channels and signals as:

· Data-to-data interference: We refer here to PDSCH-to-PDSCH interference which may originate from either SU-/MU-MIMO transmission from the same or another transmission point (or cell). This is seen as one important part of the study item and it is proposed to be addressed with first priority. It is noted that UE-specific RS virtualize the source(s) of interference at least from signal transmission perspective. In other words, intra-cell, inter-cell or even multipoint transmission interference mitigation methods become similar and it may not be visible to the UE where the interference is originating from. 

· Control-to-control interference: This means essentially PDCCH-to-PDCCH interference  and is relevant only in highly loaded (legacy) systems. Note that EPDCCH may be coordinated in frequency and may therefore not be that relevant to the network assisted receiver studies.
· Control-to-data (and data-to-control) interference: Assuming a synchronized network this is only relevant when legacy control regions sizes differ among cells or EPDCCH in one cell collides with PDSCH in another cell. While relevant, we do not see the former case as a priority for this study item. For the latter case, EPDCCH-to-PDSCH interference (or vice versa) would require similar interference suppression/cancellation wrt. PDSCH-to-PDSCH because UE-specific RS are used.
· RS-to-data/control interference is relevant at low network loads or when almost blank subframes (ABS) are used (feICIC). Since the focus of this study item is on medium-to-high system loads, this aspect is not seen as relevant here.

· RS-to-RS interference was addressed in Rel-11 feICIC (colliding CRS) and is otherwise not relevant in the vast majority of network deployments where cell IDs are planned and therefore the CRS of dominant interferers are not colliding.

Network synchronization plays obviously a role in how interference (data, RS, control) is perceived at the UE receiver. It is reminded that network assisted/coordinated receivers are under study and thus one may assume that network time/frequency synchronization is in place to the extent of eNodeB requirements TS36.104 and TS36.133. Hence, one can also assume single timing reference for the FFT window. 

Table 1 below summarizes the above categorization and highlights the relevance/importance for this study item. Based on this analysis, we propose to focus the work on PDSCH-to-PDSCH interference mitigation.

Table 1: Categorization of interference & relevance for the study item – Green highlight: proposed as 1st priority aspect, orange highlight: proposed as secondary priority, red highlight: not relevant in this SI or out of scope.
	         Desired PHY                   channel

Interfering         PHY channel
	Data channel (PDSCH)
	Control channel (PDCCH, EPDCCH)
	Reference symbols (CRS)

	Data channel (PDSCH)
	Intra-cell
	Inter-stream interference (SU-MIMO)

Inter-user interference (MU-MIMO)
	PDSCH-to-PDCCH: only relevant when CFI differs among cells. Low priority.

PDSCH-to-EPDCCH: not to focus on, similar to PDSCH-to-PDSCH with UE-specific RS.
	Not relevant

	
	Inter-cell
	Inter-user interference
	
	

	Control channel (PDCCH, EPDCCH)
	PDCCH-to-PDSCH: only relevant when CFI differs among cells. Low priority.

EPDCCH-PDSCH: not to focus on, similar to PDSCH-to-PDSCH with UE-specific RS.
	PDCCH-to-PDCCH interference relevant only in highly loaded systems
	Not relevant

	Reference symbols (CRS)
	ABS interference was addressed in Rel-11 feICIC

Relevant at low network loads only (addressed in a separate RAN4 study item)
	ABS interference was addressed in Rel-11 feICIC for PCFICH, PDCCH, PHICH.

	Addressed in Rel-11 feICIC

Not relevant in planned cell ID deployments


We conclude the previous discussion through the following proposals:  

Proposal:

Focus on PDSCH-to-PDSCH interference mitigation.

Proposal:  
Synchronous networks are assumed.
2.2
CRS vs. DM-RS transmission modes
The UE-specific RS virtualizes the source of interference at least from the signal transmission perspective. In other words, intra-cell multi-user, inter-cell multi-user or even multipoint transmission interference mitigation methods become similar in terms of UE receiver signal processing. This allows a unified framework for receiver enhancements in Rel-12 and onwards. Thus the evolution of interference mitigation methods is seen as more attractive for the transmission schemes utilizing DM-RS as phase reference and therefore the DM-RS based transmission modes are of primary interest. In this respect, TM10 seems a good candidate for DM-RS based modes.
When discussing about CRS and DM-RS modes, it should be noted that the outcome of this work will be in Rel-12, hence their relevance should be scaled according to expected network deployments within Rel-12 timeframe. Schemes based on UE-specific RS have also a benefit in terms of interference estimation: DM-RS experience PDSCH interference unlike CRS which may suffer collisions with CRS from other cells because of the limited reuse factor and thus may not allow accurate interference covariance matrix estimation in the latter case. 

On the other hand, it is expected that common RS based deployments will continue to exist in the future also providing some justification on studying common RS based schemes at least in SU-MIMO and inter-cell interference mitigation cases. Hence studying for instance TM4 with secondary priority could be also of interest within the study item. However we do not believe that other CRS-based transmission modes need to be included in the study. For instance, although TM5 multiuser transmission mode exists since Rel-8, it became obsolete due to LTE specifications evolving in the direction of DM-RS based schemes, starting from dual-layer beamforming/MU-MIMO in Rel-9, followed by enhanced DL-MIMO in Rel-10 and further coordinated multipoint transmission (CoMP) in Rel-11. 

Proposal: 
Prioritize DM-RS mode TM10 for multiuser interference mitigation cases (e.g. multiuser MIMO, inter-cell interference mitigation).

Proposal: 
As secondary focus, consider CRS modeTM4 mainly in SU-MIMO context. 
3
Conclusions

The network assisted interference cancellation and suppression SID targets, in principle, several channels of interest (PDSCH, PDCCH, ePDCCH), while also various interference conditions may result as a consequence of these channels interfering to each other. Further prioritization and clarification on the most relevant channels to consider have been presented. Our proposals can be summarized as follows: 
Proposal:

Focus on PDSCH-to-PDSCH interference mitigation.

Proposal:  
Synchronous networks are assumed.
Proposal: 
Prioritize DM-RS mode TM10 for multiuser interference mitigation cases (e.g. multiuser MIMO, inter-cell interference mitigation).

Proposal: 
As secondary focus, consider CRS modeTM4 mainly in SU-MIMO context. 
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