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1 Introduction
At RAN1#65, there were some initial discussions on downlink control signalling enhancements within the scope of the downlink MIMO enhancement study item. According to the online discussions and submitted contributions, there is the common view that PDCCH needs to be enhanced to improve PDCCH capacity and reduce interference on the PDCCH.  The discussion was continued at RAN1#66, and the following was agreed:

Until RAN1#66bis:

· Email discussion to aim towards consensus on the above 2 points
At RAN1#66bis:

· Aim to agree on motivations (if any) for the investigations of enhanced PDCCH

· Aim to agree on the scenarios (if any) to be targeted by these investigations and corresponding evaluation assumptions. 

In this contribution, we first discuss the motivation for deploying an enhanced PDCCH (E-PDCCH) and provide some thoughts on possible evaluation scenarios.
2 Motivation for having an E-PDCCH
The motivation for having an E-PDCCH was already discussed at RAN1#65 and RAN1#66 (for instance, see [1]-[3]). In this section, we provide a summary of our views for improving the PDCCH. Note that control signalling enhancements for the Carrier Aggregation WI are discussed in another contribution [5].
2.1 Limited PDCCH capacity with scenario 4

The current PDCCH was designed for providing enough assignments for the deployment of a single eNB. With scenario 4, several Remote Radio Heads (RRH) having the same cell ID are deployed. In such a scenario, the grant assignments for all the RRHs may have to be transmitted simultaneously. This may cause a significant increase in the number of resource assignments.
2.2 Increased resource assignment payload

Since the initial rel-8 PDCCH design, several improvements have been standardized. In particular, new transmission modes, based on UE-specific reference signals, with support for MU-MIMO were designed. Transmission mode 9 appears very promising and is anticipated to be used frequently in practical deployments. 

The DCI format to convey assignments with TM 9 is DCI format 2C. With its block size, DCI format 2C should use at least two CCEs for most UEs since one CCE results in high coding rates (e.g., 0.81 for a 10MHz FDD system). On the other hand, the set of DCI formats designed for rel-8 have small block sizes (e.g., DCI format 1A). Due to the larger block size for DCI format 2C, the wide usage of TM9 may result in fewer resource assignments transmitted on the existing PDCCH.

2.3 Interference avoidance/coordination on the control channels

As stated in the WID [4], DL MIMO enhancement for non-uniform network deployment (such as the one shown in Figure 1) is high priority. In such an environment, many nodes can interfere with each other. While there exist some mechanisms in previous LTE releases to protect the data channel, and to some extent the control channel, they might not be sufficient for a dense, diverse deployment such as the one shown in Figure 1. For such case, it might be beneficial to be able to perform interference avoidance/coordination by orthogonalizing the users in neighboring cells. This can be easily achieved using an E-PDCCH in the frequency domain.
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Figure 1. Example of heterogeneous deployment where current PDCCH design might be suboptimal.
2.4 Higher Data Throughput
Due to capacity limitations on the PDCCH, some data resources might be left unallocated. One reason for the limitation is the use of the hashing function to map CCEs in the control region. The hashing function may cause two candidate sets to collide, especially when an aggregation level higher than one is chosen for each UE. As a result, the number of assignments than can be transmitted on the PDCCH will be limited, which in turn, may reduce the overall data throughput, especially when the assignments are for relatively low data rate users.

In addition, there are opportunities to reduce the control overhead: for instance, the resource allocation granularity is one time symbol for the PDCCH, or roughly 7%. In the frequency domain, the resource allocation can be significantly lower if the granularity is one RB: for a 10MHz system, the resource allocation granularity is 2%. For a 20MHz system, it is 1%. Therefore, using an E-PDCCH can result in better resource utilization on the control channel.
Finally, when designing the E-PDCCH, MIMO techniques and higher order modulation should be considered to improve resource utilization.
3 Possible evaluation scenarios
3.1 Channel structure
Designing a new channel requires significant standardization work. Three possible options can be considered:

· Scenario A: no PDCCH modification. This case is to be used to provide baseline performance. The PDCCH as specified in rel-10 is used

· Scenario B: time-extension of the PDCCH. In this case, the PDCCH is extended in time, as shown in Figure 2. In addition, the use of DMRS, MU-MIMO and higher order modulation may be considered.  A baseline channel coding scheme and RE mapping procedure should also be defined.
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Figure 2. Location of the PDCCH TDM extension in the data region.
· Scenario C: frequency extension of the PDCCH (E-PDCCH). The E-PDCCH is multiplexed with data channels in the frequency domain, such as shown in Figure 3 The use of DMRS, MU-MIMO and higher order modulation is considered. A baseline channel coding scheme and RE mapping procedure should also be defined.
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Figure 2. Location of the PDCCH FDM extension in the data region.
Results should be provided for each of these three scenarios in order to determine whether an extension of the PDCCH is needed, and if so, whether a time extension or a frequency extension is better.
3.2 Evaluation parameters

Since the PDCCH enhancements are mostly needed in a HetNet environment, we propose to use scenarios 3 and 4 as defined in CoMP for the E-PDCCH evaluation. Note however that further modifications may be needed to quantify the E-PDCCH benefits effectively.
4 Conclusion 
The motivation for an E-PDCCH was presented, and evaluation scenarios were discussed.
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