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1 Introduction
In RAN1#67, the multiplexing of ePDCCH and PDSCH was extensively discussed and there was a proposed agreement for further discussion. It was decided to revisit the proposed agreement in RAN1#68. The proposed agreement is as follows: 

· PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe uses FDM

· A PRB pair may contain parts of different ePDCCHs to different UEs

· Working assumption that there is no multiplexing of PDSCH and ePDCCH within a PRB pair; if there is any multiplexing of PDSCH and ePDCCH within a PRB pair it would be by FDM

· How to multiplex ePDCCHs within a PRB pair is FFS
In this contribution, we discuss how to multiplex several ePDCCHs together. Note that the ePDCCH/PDSCH multiplexing problem is addressed in a companion document [1].
2 General ePDCCH structure

For the general ePDCCH structure, the subframe design shown in Figure 1 is used. A number of resource blocks (RBs) in the data region within one subframe is used for ePDCCH transmission, and the extension region is multiplexed with data channels in the frequency domain.
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Figure 1. Location of the ePDCCH in the data region.
There are several possible options to multiplex the ePDCCHs:

· Alternative 1: ePDCCHs occupy different PRB pairs

· Alternative 2: ePDCCHs are multiplexed using DVRB transmission

· Alternative 3: ePDCCHs are multiplexed within the same RB 
3 Alternative 1: ePDCCHs occupy different PRB pairs

With this solution, there is no time-multiplexing for ePDCCHs. The two channels are frequency-mutiplexed and occupy different PRB pair. An ePDCCH occupies the entire PRB pair it is assigned to. This solution could be used for both frequency-diverse and frequency-selective transmission.
There are two main issues with this solution:

1. As explained in [2], it is useful to support frequency diversity. With alternative 1, at least two PRB pairs (spaced out in frequency) need to be allocated. With normal CP, there are 168 REs in a PRB pair. A PRB pair has 336 REs. Although some of these REs are occupied by RS, and possibly by control, there are still a lot of REs allocated for the ePDCCH transmission. This results in low coding rates, which would not always be necessary for the radio conditions experienced by the UE. Consequently, supporting frequency-diversity transmission of the ePDCCH with Alternative 1 would result in sometimes ineffective use of available resources.

2. For frequency-selective transmission, as discussed in [1] and [2], it might be beneficial to use higher order modulation, and possible rank>1 transmission. However, having an entire PRB pair allocated for a single ePDCCH would result in low coding rate transmissions, and at high SNR, it would not be possible to take advantage of higher order modulation or multi-layer transmission.

Consequently, based on the previous analysis, Alternative 1 does not seem very attractive.

4 Alternative 2: ePDCCHs are multiplexed using DVRB transmission
With this solution (described in Figure 2), the ePDCCH is transmitted on pair of distributed VRBs. The “paired” DVRBs not occupied by the ePDCCH are occupied by another ePDCCH. This solution is applicable for diversity transmission, but not really suitable for frequency-selective transmission.
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Figure 2. Use of DVRB for transmitting the ePDCCH.

With such a solution, an ePDCCH occupies two RBs at two different frequencies. The slot unoccupied by the ePDCCH transmission is used for other channel. With alternative 2, if the two slots are coded together (unlike what is done for the R-PDCCH), allocating a single DVRB provides frequency diversity. Therefore we suggest supporting such a resource mapping.

Proposal #1:

· DVRB transmission for the ePDCCH is supported

· The two slots are jointly coded

· ePDCCHs are multiplexed by using resource allocation type 2 distributed to allocate the paired DVRB

For many cases, the resource waste may be quite limited. Alternative 2 has similar limitations as Alternative 1. In particular, with the use of a single DVRB, there might still be too many available REs when using higher order modulation and/or rank>1 transmission. Furthermore, while attractive for an ePDCCH transmission using diversity, this approach could be suboptimal when beamforming is applied on the ePDCCH. Consequently, it is necessary to multiplex several channels into a single RB.

5 Alternative 3: ePDCCHs are multiplexed within the same RB
This solution can be applicable to both frequency-selective and frequency-diverse transmission. When multiplexing two (or more) channels in an RB, the two following aspects must be included:

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

· 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 3) 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 3. Channel multiplexing with one PRB pair (before mapping overheads)
When 4 users are present, a similar design can be used (as shown in Figure 4).
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Figure 4. Channel multiplexing with one PRB pair (before mapping overheads)
Multiplexing ePDCCHs in a PRB requires defining an eCCE structure, as shown in Figures 3 and 4. Since the overhead varies on a subframe-by-subframe basis, note that unlike a regular CCE, an eCCE is of variable size. Note however that the mapping used in Figures 3 and 4 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.

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 partition 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. 
One ePDCCH may be multiplexed together with another ePDCCH in the spatial domain in additional to being multiplexed in time-frequency domain since it will increase the capacity and spectrum efficiency of ePDCCH. Orthogonal UE-specific DMRS for two ePDCCHs should be considered. 
In summary, we propose the following:

Proposal #2:

· Two ePDCCHs can be multiplexed in the same RB using the eCCE structure shown in Figures 3 and 4

· A PRB 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
6 Conclusion 
Solutions to multiplex the ePDCCH with another channel (another ePDCCH or PDSCH) were presented. We propose to support both Alternative 2 and Alternative 3.

Proposal #1:

· DVRB transmission for the ePDCCH is supported

· The two slots are jointly coded

· ePDCCHs are multiplexed by using resource allocation type 2 distributed to allocate the paired DVRB

Proposal #2:

· Two ePDCCHs can be multiplexed in the same RB using the eCCE structure shown in Figures 3 and 4

· A PRB pair contains at most4 eCCE
· 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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