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Discussion and decision
1.

Introduction
In RAN1#66 an email discussion [66-04] on the motivations for the investigations of enhanced PDCCH and the scenarios to be targeted by these investigations and corresponding evaluation assumptions was initiated by the chair.
More specificly, companies were asked to express their views on the following questions:

· What are the motivations (if any) for the investigations of enhanced PDCCH

· What  scenarios (if any) should be targeted by these investigations

· What evaluation assumptions should be used to evaluate the benefits of any proposed downlink control signalling enhancements in each scenario?
2. Discussion on motivations and scenarios
In order to analyze these questions it might be beneficial to break down the dependencies between gain mechanisms, motivations and scenarios.  Figure 1 contains the big picture, which is the starting point for our discussion. 
The figure consists of three columns named existing gain mechanisms, motivations and scenarios. Items in the columns are connected with arrows, showing a potential dependency between the columns. The dependency might be strong or weak dependent on what is considered important. Only the dependencies we consider most important are shown in Figure 1, and also form our response to the email discussion
On the left side of the figure we have listed the gains mechanisms that are available. Note that these mechanisms have been available for a long time in the standard for the shared data channel but not for the downlink control. The intention for the enhanced PDCCH topic is to investigate how the standard can benefit from utilizing also for the downlink control. In our opinion, the gain mechanisms are the starting point for the discussion from where we also get our motivations for different scenarios.

In the center column we have the motivations. Motivations are of two kinds, technology based and performance based. Technology based motivations are closely connected to a technical feature, like multi-antenna technics or frequency selectivity. Performance related motivations are like capacity and coverage, which are properties which basically are always beneficial for all scenarios. As we will discuss later, we shall be careful when evaluating gains and especially the combinations of gains.
The third column lists the scenarios, which we understand in this context to be the ways of deploying the system. Typical scenarios we see are HetNets, DL MIMO, CoMP, deployments with a large number of UEs as well as some carrier aggregation based scenarios.
Regarding the motivations and scenarios, we emphasize that the intention is not to present an exhaustive list, we rather list here what we think are the most important motivations and scenarios. 
Regarding our actual preferences we see as the most important motivations frequency domain ICIC, FDPS and beamforming as well as flexible division between control and data. In addition control capacity is important because some scenarios are expected to have a large number of UEs.
The scenarios we find most imortant are DL MIMO with beamforming, HetNets / Macro-Pico deployments, as well as CoMP.
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3. Concerns on evaluation assumptions

As stated before, we would like to raise a few concerns, and these are mainly related to the way of measuring and evaluating the gains seen by different features. From our point of view, it is important that we have realistic evaluations of the gain mechanisms such that qualified selection of features can be made.
As one example within the motivation domain, there may be features that will not be able to capture their full potential when combined with other features. If we consider FDPS combined with beam forming, we potentially have such a situation. The beam forming might reduce the multipath diversity, and hence potentially change the frequency selectivity of the observed channel, causing the gain potential of FDPS to be reduced. Hence, it is important that evaluations of different features/motivations being presented take the individual gain mechanisms into account, while at the same time discussing which potential negative impacts would be seen on other features/motivations. Ideally, any evaluation of a given feature should present gain evaluation and/or simulation for both the individual gain as well as the overall gain when combined with other features.

Correspondingly, it should be noted that a similar situation is seen in the scenario part, where for instance CoMP and HetNet are both features that to some extent are targeting at improving the cell-edge performance, and may not be able to provide the expected gains when combined. In such situations it is important to be aware which gain mechanism is targeted when evaluating performance.

Further, we would like to highlight that our opinion related to the e-PDCCH concept work is that it should mainly be targeted at conveying dedicated L1 scheduling information to UEs. That is, e-PDCCH work should focus on the capability of transferring DCI to UEs. This means that in our opinion, the e-PDCCH work should not target at improving performance for common control channels or control signalling that does not carry direct information. Hence, we presume that all control signalling that in principle needs cell-wide coverage will not be covered within this area. This includes PCFICH, PHICH, and PDCCH used to carry common system information (like SI-x, x>1).

Finally, when evaluating the various feature candidates for the enhanced PDCCH, it is important to also address the associated complexity of each feature. Preferably, any evaluation should – apart from an evaluation of the gains - include a discussion of additional specification complexity, need for additional uplink overhead for utilizing gains, etc. Such considerations are important to have highlighted to have a good standing ground for selecting features.

4. Conclusions
We have collected our preferences on motivations, scenarios and evaluations assumptions in the table below.
	Motivations
	Control channel capacity and flexibility, frequency domain ICIC

	Scenarios
	DL MIMO with DMRS based beamforming for E-PDCCH, CoMP, Macro-Pico deployments, additional carrier types

	Evaluation assumptions
	Reuse the already agreed evaluations assumptions for each scenario (e.g. CoMP, DL MIMO), When evaluating the benefits and gains also evaluate the impact of combination of different gain mechanisms. When evaluating gains and benefits, the associated additional overhead and complexity should also be considered


Figure � SEQ Figure \* ARABIC �1�. Dependency between gain mechanisms, motivations and scenarios. Items in the columns are connected with arrows, showing a potential dependency between the columns. Only the dependencies we consider most important are shown here. The grouped boxes in the middle column correspond to motivations related to DL-MIMO and CoMP.
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