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Discussion and decision
1. Introduction
A work item for handling the agreed work for Enhanced Physical Downlink Control Channel (E-PDCCH) was agreed in RAN#55 [1]. Already in RAN1#66bis the following agreement related to E-PDCCH was made:

Introduce an enhanced physical downlink control channel that is:

1) able to support increased control channel capacity

2) able to support frequency-domain ICIC, 

3) able to achieve improved spatial reuse of control channel resource 

4) able to support beamforming and/or diversity

5) able to operate on the new carrier type and in MBSFN subframes

6) able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
In RAN1#67 the following agreements were reached on the design guidelines for the E-PDCCH and the reference signals used for the demodulation.

Agreement:
· Both localized and distributed transmission of the enhanced control channel are supported

· At least for localized transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

In addition the following working assumption was agreed
Working assumption:

· There are no cases where CRS is used for demodulation of the enhanced control channel.

Finally there was a proposed agreement that the multiplexing between PDSCH and E-PDCCH is based on FDM and that E-PDCCH and PDSCH are not multiplexed within a PRB so we are taking that as a starting point here as well even though final agreement have not been made yet.

With these agreements in mind we analyze in the following a number of open issues related to multiplexing of E-PDCCH from different proposals and make a few proposals on how to progress the design.
2. Multiplexing of E-PDCCH for different users
As mentioned above the current agreements on E-PDCCH goes in the direction of defining a set of PRBs which can be considered as the E-PDCCH region in a similar way as the first 1-3 symbols of a sub frame is considered as the legacy PDCCH region. For more discussion how to define the E-PDCCH region see [2]. The question discussed in this contribution is how E-PDCCH for multiple users is multiplexed within the E-PDCCH region. Here it is already clear that simple spatial multiplexing has to be supported as E-PDCCH is supposed to provide “improved spatial resuse”. This means that the same E-PDCCH resource can be used by multiple users within one cell. Such multiplexing mainly impacts the design of search space as discussed in [3] and the design of reference signal as discussed in [4]. Here we focus our attention to non-spatial multiplexing of E-PDCCH for different users.
E-CCE design

The resources in the legacy PDCCH region is divided into control channel elements (CCE) of 36 REs. CCEs are forming the basis for multiplexing different users control channels into the PDCCH region. Similar principles can be applied for E-PDCCH. As the unit of channel estimation for the UE specific DM RS is PRB it seems natural to include the PRB as a unit of E-PDCCH resource. As a PRB is quite large compared to the (E-)PDCCH target payload, further subdivision of resources is needed. Here we propose that one PRB is divided into 4 CCEs which gives CCE sizes in similar ranges as what is available for legacy PDCCH. As an example if we assume 36 RE for legacy control, DM RS and CRS that would give us 132/4 = 33 RE/CCE, or assuming that E-PDCCH is used on new carrier type and only dual port DM RS is needed then 156/4= 39RE/CCE. Finally we propose here to use the terminology E-CCE to distinguish this new CCE type from the legacy one. In summary we have the following proposal.
Proposal: E-PDCCH resources are divided into E-CCEs. One PRB carries 4 E-CCEs. The E-CCE size varies with the size of the legacy control channel region and reference signal/common signal configuration.
Assuming full multiplexing order we would thus need to support assigning the 4 E-CCEs within one PRB to 4 different users. That fits also to the agreed assumption that DM RS ports 7-10 can be used for E-PDCCH, as we can then provide 4 orthogonal demodulation references within one PRB. Multiplexing 4 users in one PRB is an extreme case and it should be possible to operate E-PDCCH with only dual port DM RS allocated as this allows for significant lower reference signal overhead.
Proposal: The 4 E-CCEs in one PRB can be allocated so that 4 different users each user receiving a single E-CCE. Configuring DM RS pattern for both 2 and 4 orthogonal ports is possible.
Distributed versus localized mapping

Analyzing different options for mapping an E-CCE to physical resources we first propose to limit the complexity of the problem by assuming that one E-CCE is mapped to one PRB only. This does not mean that distributed transmission is not supported; it just limits the level of frequency diversity which can be achieved with low aggregation levels. This seems reasonable as diversity transmission is mainly going to be used for achieving robustness, something that would also require larger aggregation levels.
Proposal: One E-CCE is localized within one PRB. Frequency diverse transmission is achieved by aggregating E-CCEs from different PRBs.
For mapping the E-CCE to physical resources within one PRB pair we propose to investigate two different mapping types; distributed and localized. In the localized mapping we could for example divide the PRB into 4 different regions each region consisting of 3 sub carriers while in the distributed we could group 4 adjacent REs into an RE group and then let one E-CCE consist of one RE from each of the groups. See Figure 1 for an example illustration of the localized and distributed E-CCE mappings to physical resources.
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Figure 1 Example mappings for localized and distributed E-CCEs within a single PRB pair. Note that distributed pattern can also be randomized between cells. Here only 1 potential pattern is shown.
One issue with localized mapping which is apparent from the illustration in Figure 1 is that channel estimation for the E-CCEs on the edge of the PRB could be more challenging because of the distributed reference signal REs. The distributed solution does not have similar issue as the resources for one E-CCE is spread in a similar uniform way over the full PRB. In addition, the distributed approach follows the basic principles of legacy PDCCH in the sense that the same average performance of the four E-CCEs is obtained when considering demodulation performance combined with channel estimation (within one PRB pair in this case).

Inter-cell interference

An additional issue that should be taken into account is the randomization of inter-cell interference. For the localized approach there are no obvious ways to randomize the inter-cell interference. This means that without close coordination of resources interference is expected to be burstier and potentially degrading more than necessary the performance. For the localized approach similar randomization as is known from PDCCH can be applied. This means that the RE pattern used in different cells is different. In this way it is impossible to find fully overlapping E-CCEs from two different cells, at the cost of lowered potential for applying interference coordination between cells. However, we expect such coordination between cells to take place on a PRB pair level rather than within a single PRB pair.
Weighing pros and cons outlined in the above considerations we find that distributed solution is preferred:

Proposal: The E-CCE is mapped to physical resources using a distributed mapping within a single PRB pair, but randomized across cells.
Further randomization of the inter-cell interference could be achieved by using code division multiplexing in the resource element groups. One E-PDCCH symbol would thus see inter-cell interference averaged over 4 resource elements, and that could potential provide more robust performance when strong inter-cell interference is present.
Link adaptation

One important capability of legacy PDCCH is to allow for adjusting the effective code rate and transmission power. This is important in order to allow for efficient system operation and the E-PDCCH should support this as well. Similar approach as used for legacy PDCCH, where search of transmissions with different code rate is combined with search for different potential transmission positions using a search space, can be used.

Proposal: E-PDCCH should support adaptation of effective code rate and transmission power.
3. Conclusions
This contribution has discussed multiplexing of E-PDCCH for different users.
To summarize we repeat the proposals:

Proposal: E-PDCCH resources are divided into E-CCEs. One PRB carries 4 E-CCEs. The E-CCE size varies with the size of the legacy control channel region and reference signal/common signal configuration.
Proposal: The 4 E-CCEs in one PRB can be allocated so that 4 different users each user receiving 1 E-CCE. Configuring DM RS pattern for both 2 and 4 orthogonal ports is possible.

Proposal: One E-CCE is localized within one PRB. Frequency diverse transmission is achieved by aggregating E-CCEs from different PRBs.

Proposal: The E-CCE is mapped to physical resources using a distributed mapping. The mapping is randomized across cells.
Proposal: E-PDCCH should support adaptation of effective code rate and transmission power.
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