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Discussion and decision
1. Introduction
At RAN#59, the study item on “Network-Assisted Interference Cancellation and Suppression for LTE” [1] was approved and aims in the first phase in RAN1 on the identification of deployment scenarios and co-channel inter- and intra-cell interference conditions for evaluating interference cancellation or interference suppression receivers.
The tasks for RAN1 in the first stage of the studies according to the SID in [1] are expressed as:
(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 discuss the different data & control channels and types of interference sources with respect to potential network assisted UE receiver operation.

2. Different channels and types of interference
As also stated in the SID, intra-cell and inter-cell interference should be considered in the studies. But of course we also need to consider if the UE of interest is supposed to operate the network assisted receiver in connection with (any) control channel or if the focus is on PDSCH decoding of the UE. We will discuss these two issues separately in the following subsections. 
Note that there are currently separate studies on CRS interference cancelation happening in RAN4 for homogeneous networks (Rel. 12) as well as previous & ongoing work on HetNet scenarios (Rel. 11). As a consequence, we suggest to not considering CRS interference cancelation as part of these studies.

Proposal1: Do not consider CRS interference cancelation as part of this study item, as there are separate RAN4 studies ongoing. 

2.1 Control channel decoding

Looking at common and control channels (including PSS/SSS, PBCH, PCFICH, PHICH, PDCCH and EPDCCH) the network assistance in improving its decoding are limited compared to data channels, i.e PDSCH. 

For data channels/PDSCH, the network assistance could potentially include some dynamic indication on the interference situation which could help the PDSCH decoding. For control channels this will be of course not possible as such and at maximum some static or semi-static network assistance could be envisioned. This will of course limit the potential gains of network assisted receiver operation for control channel decoding compared to data channel decoding.
Observation: The potential gains of network assistance in the receiver operation are lower for control channel decoding compared to PDSCH/data channel decoding, as dynamic (i.e. DCI based) network assistance is only possible for data channel/PDSCH decoding.

And as a consequence we suggest to:

Proposal 2: Focus in the first phase of the SI on PDSCH decoding – as this will indicate the upper bound on gains that can be achieved from network assistance in UE receiver operation. A careful analysis of the resulting PDSCH decoding performance gain vs. complexity trade-off will enable to judge the justification of the further investigations on other channels.
2.2 Data channel (PDSCH) decoding

Considering now NAIC for data channels, i.e. PDSCH decoding, there is a clear difference from scenario as well as interference source point of view between intra-cell and inter-cell interference. Therefore, we discuss these two cases separately here.
2.2.1 Intra-cell interference
Looking at PDSCH, the following sources of intra-cell interference could be present:

A. SU-MIMO interference: Own, inter-stream/transport block interference consisting only of own PDSCH interference. 
B. Rel. 8-11 MU-MIMO interference: Another co-scheduled UE is receiving PDSCH from the same cell & transmission point (having same CRS & CSI-RS positions, quasi-co-location given). 

C. Intra-cell CoMP (Scenario 4) type of interference: Besides PDSCH interference, different transmission points might use different CSI-RS configurations. As a consequence, besides the classical PDSCH to PDSCH interference also some CSI-RS to PDSCH interference might occur. A different quasi-co-location behavior for own data channel and interfering data channel might be present. 
Thinking about own, SU-MIMO interference, any kind of information that could be thought of is already available at the UE as such, as the UE anyhow will need to be able to decode both transport blocks. As a consequence, any receiver enhancements envisioned for SU-MIMO operation (in terms of inter-stream interference considerations) can be done without any network assistance and specifications impact. As a consequence, we suggest:

Proposal 3: Do not consider SU-MIMO in terms of inter-stream interference cancelation capabilities as part of this study item, as not any kind of additional network assistance is needed nor could be provided on top of information the UE has available based on to Rel. 8-11 specifications.
Comparing now “traditional” MU-MIMO (PDSCH for co-scheduled UEs transmitted from the same TP) with intra-cell CoMP, i.e. CoMP Scenario 4, the differences lie in the fact of the potentially different CSI-RS configurations, the issue of quasi-colocation as well as the potential time-frequency offset of the co-scheduled UEs PDSCH. The effect of a different quasi-co-location assumption for intra-cell CoMP will be always present – but different (combined ZP & NZP) CSI-RS configurations are a matter of choice in the network configuration. Therefore, focusing on MU-MIMO PDSCH to PDSCH interference seems to be the more generic case as such. Moreover, the target of the study item is to investigate the potential gains of NAIC, and larger gains can be expected for assuming the MU-MIMO transmission to originate from the same TP as the signals are in perfect time-frequency sync. Therefore, we propose to focus in the intra-cell interference investigations on MU-MIMO transmission from the same TP. 
Proposal 4: Focus the intra-cell interference considerations in the SI on the case of Rel.8-10 MU-MIMO, i.e. the multi-user interference is transmitted from the same eNB/TP, as only PDSCH to PDSCH interference needs to be considered and the signals are in perfect time-frequency-sync resulting in the highest potential gains. 
2.2.2 Inter-cell interference
Considering now inter-cell interference for PDSCH, the following sources of interference can be thought of, with the limitation here assuming the network to by synchronized (i.e. same PSS/SSS/PBCH positions):
· PDSCH interference

· EPDCCH interference

· PDCCH interference

· CRS interference

· CSI-RS interference

As the overall time planned for this SI is rather short, we see a need to prioritize also in terms of considered interference sources to be specifically investigated in order to have a good understanding on the potential gains. 
The issue of CRS interference, we discussed already earlier – as there is a separate WI in RAN4, we suggested to not consider modeling/investigating CRS interference as such. 

Considering the potential CSI-RS interference, zero-power CSI-RS configurations actually have been introduced in order to improve the channel estimation quality based on CSI-RS. So from this point of view, a NZP CSI-RS configuration might coincide with a corresponding ZP CSI-RS configuration and vice versa, meaning that actually CSI-RS to PDSCH interference would be dependent on the configuration actually not be present. Moreover, the number of REs for a CSI-RS configuration is much lower compared to PDSCH interference and not present in all subframes. Therefore, PDSCH interference will be clearly dominating. As a consequence, compared to PDSCH to PDSCH interference we think that in the initial investigations we should neglect CSI-RS to PDSCH interference. 

PDCCH interference is only occurring, in case that the neighboring cell is using a longer PDCCH compared to the serving cell of the user. At maximum 2 PDSCH symbols might experience PDCCH to PDSCH interference, but in regular network operation also considering the effect of interference averaging when having a larger PDCCH size, this might not happen too often. Looking at the structure and content of PDCCH, i.e. frequency distributed, SFBC based TX diversity of REGs for 4 REs, it seems to be rather hard to come up with any specific network signaling that could help to effectively suppress PDCCH interference. Also here, the effect of PDSCH to PDSCH interference seems to be the dominant source of interference (and therefore highest potential to provide gains). As a consequence, we suggest to prioritize PDSCH interference over PDCCH interference and for simplicity to assume in the simulations during the SI phase that neighboring cells operate with the same fixed PDCCH size as the serving cell.

The specification of Rel. 11 EPDCCH has recently been finalized in RAN1, with PDSCH and EPDCCH being frequency division multiplexed. As a consequence, a neighbor cell EPDCCH might be interfering in the UEs PDSCH reception. In contrast to PDSCH interference, even if the UE is aware that EPDCCH is present on a certain PRB pair and the type of EPDCCH (localized or distributed EPDCCH set), the interference might not be uniform over the PRB pair as for the distributed EPDCCH the PRB might not be fully used (non-full load EPDCCH) and in additional for the localized EPDCCH mode differently precoded DCIs might be carried within a single PRB pair. In case the same PRB pair is shared between a localized and distributed EPDCCH set, the situation becomes even more complicated. From PDSCH interference point of view, we are always having a uniform interference created over the full PRB. This of course will simplify the agreements on the exact interference modeling and due to the uniform interference, the gains of PDSCH to PDSCH interference cancelation/suppression will be higher compared to EPDCCH to PDSCH interference. 

Also here, considering the available time for the initial studies and the higher expected gains of the network assisted UE receiver enhancements we suggest to focus on PDSCH interference as the main source of interference to be considered in the initial stages of the study item.

To summarize our discussions on inter-cell interference considerations and modeling, we propose:

Proposal 5: Considering NAIC investigations on inter-cell interference situations, we propose to focus on neighbor cell PDSCH interference only in the initial investigations to evaluate the potential performance gains. A careful analysis of the resulting performance gain vs. complexity trade-off will enable to judge the justification of the further investigations on other inter-cell interference sources.
· CRS interference not to be modeled in the simulations (as considered in a separate RAN4 WI)
· Neighbor cell NZP & ZP CSI-RS configurations to be assumed to coincide – no CSI-RS to PDSCH interference

· Assume the same PDCCH size in neighboring cells

· Consider EPDCCH to be not configured in the neighboring cells

3. Conclusions
In this contribution, we discuss the different data & control channels, types of interference sources and deployment scenarios with respect to potential network assisted UE receiver operation [1].
Based on the discussions, we make the following observations and proposals:
· Proposal 1: Do not consider CRS interference cancelation as part of this study item, as there are separate RAN4 studies ongoing. 

· Proposal 2: Focus in the first phase of the SI on PDSCH decoding – as this will indicate the upper bound on gains that can be achieved from network assistance in UE receiver operation. A careful analysis of the resulting PDSCH decoding performance gain vs. complexity trade-off will enable to judge the justification of the further investigations on other channels.
· Proposal 3: Do not consider SU-MIMO in terms of inter-stream interference cancelation capabilities as part of this study item, as not any kind of additional network assistance is needed nor could be provided on top of information the UE has available based on to Rel. 8-11 specifications.

· Proposal 4: Focus the intra-cell interference considerations in the SI on the case of Rel.8-10 MU-MIMO, i.e. the multi-user interference is transmitted from the same eNB/TP, as only PDSCH to PDSCH interference needs to be considered and the signals are in perfect time-frequency-sync resulting in the highest potential gains.
· Proposal 5: Considering NAIC investigations on inter-cell interference situations, we propose to focus on neighbor cell PDSCH interference only in the initial investigations to evaluate the potential performance gains. A careful analysis of the resulting performance gain vs. complexity trade-off will enable to judge the justification of the further investigations on other inter-cell interference sources.

· CRS interference not to be modeled in the simulations (as considered in a separate RAN4 WI)

· Neighbor cell NZP & ZP CSI-RS configurations to be assumed to coincide – no CSI-RS to PDSCH interference

· Assume the same PDCCH size in neighboring cells

· Consider EPDCCH to be not configured in the neighboring cells

Based on the discussions and proposals in here, we concrete scenario proposals are considered in the companion contribution [2].
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