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1. Introduction

This contribution provides a discussion on how to specifically address the resource allocations for the ePDCCH. In the current draft for 36.213 [1] that has been circulated on the e-mail reflector, the following is stated:

9.1.4  
EPDCCH assignment procedure

The UE shall monitor a set of EPDCCH candidates on one or more activated serving cells as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the EPDCCHs in the set according to the monitored DCI formats.
This statement does not really disclose much information on the details on the allocation and assignment of the resources for the EPDCCH apart from the fact that this is addressed by higher layers (implicitly indicating that this is addressed by RRC signalling).

In this contribution, we discuss this aspect a bit further and propose some additional text to be included into the draft CR as well as propose to approach RAN2 with indication of the RAN1 preference for how EPDCCH resources are configured.

2. Assignment of the physical resources for the EPDCCH
As decided in the RAN meeting #56 [2], there will be no additional carrier types, and hence, there is no need for providing initial configuration for a legacy PDCCH-less carrier. Hence, we can rely on legacy access mechanisms, and assume that a UE is in RRC connected mode prior to the EPDCCH resources being configured.

Following this assumption we make the following proposal:
Proposal 1: Configuration of physical resources to be used for EPDCCH should be handled by RRC signalling.

In order to have full flexibility of the resources assigned to the EPDCCH, the network should have the possibility to configure and assign EPDCCH resources on a per-PRB level. Hence, we propose that the actual physical resource configuration message that is conveyed from the eNB to the UE when configuring for EPDCCH operation is a simple bitmap with the configured PRB resources, which should be static over time (no changing any parameters as a function of time). This leads to the following proposal:
Proposal 2: The physical resources for the EPDCCH configuration are indicated using a time-invariant definition of physical resources (PRB pairs) that is transmitted using RRC signalling.

When defining the signalling for the indication of the PRB pairs to be used for the EPDCCH, a number of options are available. These could be:

· Bitmap indicating which PRB pairs are allocated for EPDCCH.

· Bitmap signalling based on resource allocation type 1 for PDSCH allocations, which will take less amount of resources for the signalling, but also provide less flexibility in the resource allocation.

· Indication of the starting PRB pair followed by a PRB step for the subsequent PRB pairs. This can be signalled with very few bits, but would leave little flexibility in matching to the granularity of the PDSCH scheduling decisions.

· Indication of the specific PRB pairs which are to be used for EPDCCH with one index for each PRB pair.

RAN1 should preferably make a decision as to which method of signalling is preferable and also indicate this to RAN2.

Further, it should be noted that when the physical resources for the EPDCCH have been configured for a UE, the UE would also need to be configured further in terms of how to use the physical resources in terms of creating eCCEs, and mapping these further into search spaces. These aspects are addressed in other contributions [3,4,5].

To obtain a simple and yet robust configuration mechanism for the entire ePDCCH, we further propose that the possible amount of PRB pairs that can be assigned to a single UE is restricted to be within the set of {1, 2, 4}. The reasoning behind this is 4 PRB pairs with 4 eCCEs would be seen as the normal mode of operation, and as shown in [6], this will leave sufficient flexibility for multiplexing a number of users into the allocated resources. If larger amounts of users are expected to be scheduled using the EPDCCH, the different users should simply be allocated different PRB pairs through clustering methods. There would be a minor loss in terms of multiplexing freedom, but this is easily compensated by the combination of ease of configuration as well as the possibility to empty the EPDCCH resources when no users are to be scheduled, such that the PRB pairs can be reused for PDSCH transmission.

The reason for also suggesting the option of having a set of either 1 or 2 PRB pairs configured is to support potentially low-overhead EPDCCH configurations for early deployments as well as for low system bandwidth configurations. Hence, we propose the following:

Proposal 3: The possible amount of PRB pairs that can be assigned to a single UE is restricted to be within the set of {1, 2, 4}.
3. Configuration of the search space for the EPDCCH
As discussed in [3], the per-UE configured search space should be mainly configured through the definition of an “anchor” eCCE, which is used as reference to create the derived search space. Hence, when configuring the EPDCCH resources, the configuration message should also include information related to the search space configuration. Hence, we propose the following: 

Proposal 4: The RRC configuration message for EPDCCH should also contain information on the search space configuration through search space anchor parameters. Such parameters should include anchor PRB pair as well as CCE index for the anchor point for the definition of the search space.

Correspondingly, there should be configuration parameters for restricting the search space. For this, we propose to use a set of parameters to restrict the decoding attempts at both different aggregation levels as well as between localised and distributed allocations/configurations. For more details on these aspects, please refer to [3].
Proposal 5: The RRC configuration message for EPDCCH should contain information on the search space limitation. This limitation should indicate the amount of control channel candidates for each aggregation level and for both localised and distributed control channel candidates.
Example parameters for restricting the search space for the EPDCCH could take the naming according to xn,loc and xn,dist, where n is the aggregation level, which can potentially take values of 1, 2, 4, and 8, while loc and dist indices indicates whether the parameter is set for localised or distributed control channel candidates.
4. Discussion
As the configuration of these parameters are normally handled by RAN2, RAN1 should preferably send a LS to RAN2 indicating the need for addressing the configuration of physical resources for EPDCCH (along with other configuration parameters needed, such as eCCE and search space configuration).
Proposal 6: RAN1 should send a LS to RAN2 with information on which higher layer signalling is needed for EPDCCH configuration (physical resource, eCCE configuration, search space configuration, etc.).
5. Conclusion
In this contribution we propose the following:

Proposal 1: Configuration of physical resources to be used for EPDCCH should be handled by RRC signalling.

Proposal 2: The physical resources for the EPDCCH configuration are indicated using a time-invariant definition of physical resources (PRB pairs) that is transmitted using RRC signalling.

Proposal 3: The possible amount of PRB pairs that can be assigned to a single UE is restricted to be within the set of {1, 2, 4}.
Proposal 4: The RRC configuration message for EPDCCH should also contain information on the search space configuration through search space anchor parameters. Such parameters should include anchor PRB pair as well as CCE index for the anchor point for the definition of the search space.
Proposal 5: The RRC configuration message for EPDCCH should contain information on the search space limitation. This limitation should indicate the amount of control channel candidates for each aggregation level and for both localised and distributed control channel candidates.
Proposal 6: RAN1 should send a LS to RAN2 with information on which higher layer signalling is needed for EPDCCH configuration (physical resource, eCCE configuration, search space configuration, etc.).
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