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1 Introduction
At the RAN1#68 meeting, it was agreed that multiplexing the PDSCH and ePDCCH within a PRB pair was not permitted. There was also discussion on how to multiplex several ePDCCHs in a given PRB pair, but agreement was reached.

In this contribution, we describe how to simply multiplex several DCI messages in the same PRB pair, and define an enhanced Control Channel Element (eCCE), which is the equivalent of the CCE for the ePDCCH.
2 DCI multiplexing
In a previous contribution [1], we described how ePDCCHs could be multiplexed in the broadest possible sense, describing the following:

· Multiplexing at the RB level

· Multiplexing within a PRB or VRB pair

In this contribution, we focus on the latter: multiplexing within a PRB or VRB pair.

The ePDCCH can be transmitted either in a distributed or in a localized matter. It is desirable to have a DCI multiplexing solution that is suitable for both modes. When multiplexing two (or more) channels in a pair, the two following aspects must be included:

· The two multiplexed channels should have the same (or very close) number of available REs after accounting for all overhead

· When the channels belong to two different users, both users should be able to use DMRS
The first problem is easy to solve: given the location of the various RS (CRS, DMRS, CSI-RS), it appears that using a checkerboard-design to allocate resources (such as shown in Figure 1) before mapping the various overheads, then ignoring the overheads for the actual RE allocation provides an equal, or almost equal amount of REs for both users.
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Figure 1. Channel multiplexing with one PRB or VRB pair (before mapping overheads).
When 4 users are present, a similar design can be used (as shown in Figure 2).
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Figure 2. Channel multiplexing with one PRB or VRB pair (before mapping overheads)
Multiplexing ePDCCHs in a PRB or VRB requires defining an eCCE structure, as shown in Figure 1 and Figure 2. Unlike a regular CCE, an eCCE has variable size because the overhead varies on a subframe-by-subframe basis.. However the mapping used in Figure 1 and Figure 2 ensures that eCCEs multiplexed together essentially have the same size.

Given that a short DCI format (e.g., 0) is 40 bits, and that they are 168 REs/PRB pair including all overhead, having at most 4 eCCEs used appears to minimize the resource waste. In some cases, one eCCE might not have enough REs to convey an entire DCI message with a sufficient coding rate. In that case, using 2 eCCEs instead of 4 (as shown in Figure 1) is a possible solution. With 16-QAM, a ¼ PRB pair (as shown in Figure 2) should always be enough. 
As described earlier, when two different users are multiplexed together within the same RB, it might be necessary to consider orthogonal UE-specific RS allocation for resource partitioning of each user. For instance, we may have user 1 transmitting on antenna port (AP) 7 and/or 8, and user 2 transmitting on AP 9 and/or 10. If SFBC is used, as described in [2], it is also possible to have user 1 transmitting on both AP 7 and AP 9 and, similarly, user 2 transmitting on both AP 8 and AP 10.
One ePDCCH may be multiplexed together with another ePDCCH in the spatial domain while being multiplexed in time-frequency domain to increase the capacity and spectrum efficiency of ePDCCH. Consequently, orthogonal UE-specific DMRS for two ePDCCHs should be considered. 
For distributed transmission, it is beneficial to exploit frequency diversity. When defined on a PRB pair, an eCCE only spans 180 kHz, therefore the available frequency diversity is limited. There are two possibilities to provide frequency diversity:

· Option 1: use distributed transmission for larger aggregation levels (at least 2)

· Option 2: define the eCCE on a DVRB for distributed transmission

Option 1 has the merit of enabling the UE to use the same search space for both localized and distributed modes. However, as described in [3], such a design is not really practical nor useful. Furthermore, there are cases where the UE is in good radio conditions, but because of e.g., its speed, has to rely on distributed transmission. Such a UE might still be able to use aggregation level 1. With option 2, there is no issue of supporting aggregation level 1, since the use of DVRB provides inter-slot diversity. Consequently, we propose to define the eCCE on a PRB pair for localized transmission, and on a distributed VRB pair for distributed transmission.
3 Conclusion

The issue of multiplexing several DCIs within a PRB or VRB pair was described. Our proposal is as follows:
· Two ePDCCHs can be multiplexed in the same RB using the eCCE structure shown in Figure 1 and Figure 2
· An eCCE is defined on a PRB pair for localized transmission and on a VRB pair for distributed transmission

· A PRB or VRB pair contains at most 4 eCCEs
· Orthogonal UE-specific DMRS may be considered when multiplexing multiple channel within one RB
· MU-MIMO for two ePDCCHs should be considered
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