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Discussion and decision
1
Introduction
During the previous RAN1#72bis meeting, the RAN1 and RAN4 work on the NAICS SI has been kicked off. RAN1 approved objectives are, according to the SID text [1], focusing on the identification of scenarios and channels of interest.  In the previous RAN1 meeting, the target scenarios have been identified. Our initial views on the channels of interest have been presented in [2]. In this contribution we elaborate on the physical channels of interest to be considered for NAICS work. Further considerations on remaining open issues on NAICS scenarios are provided in a companion contribution [4]. 
2
Targeted channels and transmission modes
The LTE system structure consists of a broad range of physical channels and reference signals interacting in a flexible way. One can make a classification based on the nature of the collision, for example a homogeneous interaction happens between channels having the same structure (e.g. PDSCH-PDSCH, PDCCH-PDCCH, RS-RS) while other cases account for non-homogeneous interactions (such as PDSCH-PDCCH and vice versa, etc.). While such channel collisions are part of typical system operation, the scope of NAICS work is to identify the means for network assistance for solving interference problems.

Observation: 
· The scope of NAICS is to study network assistance solutions for channel interactions.
· The envisioned network assistance solutions need to be justified in terms of relevance of the envisioned channel collisions and feasibility and cost of proposed network assistance.

2.1 
Physical channels of interest
In our previous contribution [2], we have presented the main categorization for physical channels of interest and their interactions. The cases span data-to-data, control-to-control, control-to-data (and vice-versa), RS-to-data/control, RS-to-RS. From all of these choices, the cases of RS-to-RS and RS-to-data/control clearly have lower relevance or priority in the NAICS study or are part of other Release 12 studies (like RAN4 CRS-IC). In the following, we limit the discussion to the PDSCH, PDCCH and EPDCCH channels and their interactions. The case of inter-cell operation is also relevant to the discussion while providing network assistance is the main scope of the investigation.
2.1.1 
Structure of the channels of interest
The three main channels of interest PDSCH, PDCCH and EPDCCH have particular structures which need to be accounted for, especially when considering their interactions and potential network assistance to facilitate their suppression/cancellation. In the following we are briefly summarizing these channel characteristics, which lead to different types of interference signature and hence facilitate the discussion following in the rest of this paper.
PDSCH 
Structure and IS/IC perspectives: PDSCH has a homogeneous form in terms of generated interference structure, as only one user is scheduled in the resource elements remaining free of control and reference symbols in a PRB pair. PDSCH spans also a good portion of the REs of a PRB, making it the most relevant channel to be candidate to IC/IS. For example the total span of PDSCH REs varies between 25% per PRB pair (when considering full control and reference symbols transmitted) to 72% per PRB pair (when considering full control and 2CRS ports). From this perspective, the impact of PDSCH as an interferer is seen as an attractive option for facilitating IS/IC while also the signalling burden for such operations is tolerable. Network coordination of PDSCH could be envisioned in very low load scenarios; however in higher load cases PDSCH collisions are unavoidable.

PDCCH
Structure:  PDDCH is based on QPSK modulation, and SFBC transmit diversity is applied, when the basestation supports multiple transmit antennas. Multiple UEs are served via FDM/TDM multiplexing in the PDCCH control region of a subframe. Between one and up to three OFDM symbols (even four for small system BW systems) can be utilized at the beginning of each subframe as control region. The basic building block of PDCCH is a resource element group (REG), a group of 4 REs that are adjacent in frequency. Depending on the aggregation level, 9, 18, 36 or 72 REGs are used for conveying one PDCCH. Because of the applied interleaving, REGs belonging to one PDCCH are distributed over the whole system bandwidth and the available control region symbols in a seemingly random manner. When multiple UEs are assigned with DL control information, the control region consists of empty REs and FDM/TDM multiplexed REGs, each belonging to a PDCCH for one UE.
IS/IC perspective: the interference structure of PDCCH is dispersed. The interference is in pieces of 4 REs, for which the association to a PDCCH, the targeted UE and the cell of origin are unknown. For example, the network assistance information for cancelling one PDCCH, targeted for one UE, could consist of target UE RNTI and source cell-ID. This would still require blind decoding of all the PDCCH candidates of the target UE. If several UEs were to be cancelled (allowing the interfering cell to schedule more than one UE), the number of blind decoding attempts would increase accordingly. An additional problem is that PDCCH is power-controlled, hence at least e.g. SIC-type of interference cancellation might be difficult to arrange without restricting the possibilities of the eNB to perform PDCCH power control.
EPDCCH 
Structure: EPDCCH is the new control channel introduced in Release 11. Its design provides enhanced control capacity, while in addition it brings more scheduling flexibility, especially to facilitate interference coordination in frequency domain. Two types of EPDCCH exist: localized and distributed. Localized EPDCCH allows for UE-specific precoding of the EPDCCH REs and is targeted to be used with closed-loop feedback, allowing frequency domain scheduling within the localized EPDCCH-PRB-set. Distributed EPDCCH can be utilized for UEs without subband feedback, as the EPDCCH REs are distributed within the configured EPDCCH-PRB-set. EPDCCH consists of a number of ECCEs, based on the aggregation level. Each ECCE consists of EREGs, and there are 16 EREGs in each PRB pair, allocated in an EPDCCH-PRB-set. The DM-RS antenna port association is static for distributed EPDCCH, but for each localized EPDCCH, the antenna port is determined by the lowest ECCE index of the transmitted EPDCCH as well as on the C-RNTI.
IS/IC perspective: EPDCCH is again rather challenging. Even if the physical resource is better contained by the EPDCCH-PRB-sets, the associations of EREGs to one EPDCCH and to one UE remains unknown. In addition, the antenna port association ambiguity for localized EPDCCH makes it difficult to blindly detect EPDCCH REs. From interference structure perspective, some of the REs may be left unallocated within EPDCCH-PRB-set, thus reducing the IS/IC benefit. In case of localized EPDCCH, some of the PRB pairs may also carry PDSCH, as it is allowed to map user data to unallocated EPDCCH resource.
Observations: 
· PDSCH structure provides the most efficient channel to be candidate to IC/IS.
· PDCCH/EPDCCH structures are more complex than PDSCH, especially when multiple UEs are multiplexed. 
2.1.2 
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). The case of CoMP scenario 4 with TM10 presents a more complex situation where SU-/MU-MIMO transmission can originate from different transmission points. In this case as well as in inter-cell cases, the issue of quasi-colocation needs to be addressed.
As described in section 2.1.1, the PDSCH yields more uniform interference structure and characteristics, as one user spans an entire PRB. The benefit of performing IC/IS is also rewarding as up to 72% of the PRB REs can benefit from IC/IS, which is expected to translate to measurable and significant throughput gains at system level. 

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.
Proposal: Consider the PDSCH-to-PDSCH the first priority in the NAICS studies.

2.1.3 
Control-to-control interference
The two types of control channels, PDCCH and EPDCCH, have different design considerations when it comes to interference operation. The case of PDCCH-to-PDCCH interference is relevant only in highly loaded (legacy) systems. On the other hand, the current NAICS scenarios are focusing on bursty traffic, hence the PDCCH-to-PDCCH interference would be relevant for one or two OFDM symbols. To simplify the study, one should consider the same OFDM symbol span for the PDCCH. From network assistance perspective, the PDCCH-to-PDCCH interaction is not a friendly case, especially due to the structure of the PDCCH channel itself. As the source of interference can be from multiple multiplexed PDCCHs targeted for multiple UEs with UE-specific PDCCH power control, it seems challenging to facilitate network assistance information, unless only one user is scheduled in the whole PDCCH area. This would be however a corner case, not justifying the specification and implementation effort. 

The newly designed EPDCCH allows simple coordination in frequency and may therefore not be that relevant to the network assisted receiver studies. In addition, similar problems as with PDCCH exist.
Observation: PDCCH-to-PDCCH (as well as EPDCCH-to-EPDCCH) is not seen as a candidate for network assistance and should not be prioritized. 
2.1.4 
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. The interaction of control and data channels needs to be seen from both perspectives of control or data being the aggressor.

Control-to-data interference
PDCCH-to-PDSCH: the most relevant configuration takes place when the aggressor PDCCH spans maximum OFDM symbols (hence comes from a fully loaded cell) while the victim PDSCH has a maximum of allocated OFDM symbols, in a cell with very low load. In this situation a maximum of 2 PDCCH symbols (or 3 if PDSCH starting symbol 0 is allowed in Rel-12) collide with two PDSCH symbols, out of 13 PDSCH OFDM symbols, hence roughly 15% of the PDSCH REs are affected. The interference structure of the PDCCH aggressor symbols would be non-homogeneous as not all the PDCCH region might be allocated and also due to the PDCCH power control In terms of cancelling the aggressor PDCCH, the victim UE may need to decode multiple users’ PDCCH channels, which seems infeasible from a network assistance perspective. The only feasible case for network assistance appears to be when only one UE spans the control area, however this case is not so common in practice and would imply that the control region is small anyhow.
Observation: PDCCH-to-PDSCH is infeasible from a network assistance perspective.

EPDCCH-to-PDSCH: is to some extent similar to the previous case, however the collision happens on all OFDM symbols but may happen partly in frequency. As explained in section 2.1.1, the interference might or might not be uniform over the victim PDSCH allocation. In addition, the ambiguity related to antenna port association makes it difficult to detect the interfering signal. Because of the complexity of the EPDCCH channel design, which came partly due to the desire to facilitate frequency domain interference coordination, it would seem an interesting conclusion if such a newly designed channel would require network assistance for IC/IS, letting one wonder the efficiency of the Release 11 design.
Observation: EPDCCH-to-PDSCH is infeasible from a network assistance perspective. The existing frequency domain coordination mechanisms should be utilized in this situation.

Observation: Network assistance for control-to-data IS/IC is infeasible due to the complex design of the control channels.
Data-to-control interference
PDSCH-to-PDCCH: this situation may happen when the aggressor cell is having a low load while the victim cell has a high load, in other words when the aggressor PDSCH spans over potential 13 OFDM symbols while the victim PDCCH spans over a maximum of 3 OFDM symbol, leading to a situation where two PDSCH symbols collide with two PDCCH symbols, affecting on the other hand multiple UEs spanning these two PDCCH symbols. We note that if the aggressor cell has a low load, it is quite probable that there are not too many PRBs allocated across the band, hence frequency wise, this collision will not happen to a large extent. From a network assistance perspective, facilitating IC/IS schemes would imply providing network assistance to a number of affected users with regard to the aggressor’s PDSCH structure. 
PDSCH-to-EPDCCH: in this situation the EPDCCH is affected over all REs. There exists the possibility that the aggressor PDSCH is not colliding also with the victims’ PDSCH, hence the incentive from the PDSCH-to-EPDCCH collision might not be harvested to the full extent. In addition, although UE-specific RS are used, IS/IC gets more complicated in this case wrt. PDSCH-to-PDSCH because PDSCH and EPDCCH channel structures are different.

Observation: PDSCH-to-EPDCCH interference handling is not seen beneficial from a network assistance perspective.
We conclude the previous discussion through the following proposals:  

3
Conclusions

The network assisted interference cancellation and suppression SID targets, in principle, several channels of interest (PDSCH, PDCCH, EPDCCH), while also a broad range of interference conditions may occur as a consequence of these channels interfering with each other. It is reminded that the NAICS study item is primarily targeted at harvesting the benefits of network assistance for IS/IC opportunities. It has been analysed and discussed in this contribution that only few combinations of desired/interfering channel are in fact relevant and feasible both network assistance and UE receiver implementation perspective. The rest of the combinations are either corner cases or simply not tractable from NAICS perspective. Hence the most relevant cases need to be prioritized in order to timely complete the study.
Our main observations and proposals can be summarized as follows: 
Observation: 

· The scope of NAICS is to study network assistance solutions for channel interactions.

· The envisioned network assistance solutions need to be justified in terms of relevance of the envisioned channel collisions and feasibility and cost of proposed network assistance.
· PDSCH structure provides the most efficient channel to be candidate to IC/IS.
· PDCCH/EPDCCH structures are more complex than PDSCH, especially when multiple UEs are multiplexed. 

Proposal: Consider the PDSCH-to-PDSCH the main priority in the NAICS studies.
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