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1. Introduction
In RAN1#66bis meeting, it was agreed to introduce enhanced physical downlink control channel (E-PDCCH) and following design guidelines were captured as working assumptions:
-
able to support increased control channel capacity

-
able to support frequency-domain ICIC, 

-
able to achieve improved spatial reuse of control channel resource 

-
able to support beamforming and/or diversity

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

-
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 the contribution, considering the design guidelines of E-PDCCH such as supporting increased control channel capacity, supporting frequency-domain ICIC, achieving improved spatial reuse of control channel resource, and supporting beamforming and/or diversity, we discuss the multiplexing schemes of different DCI messages.
2. Consideration on the multiplexing schemes of different DCI messages
Discussion of the multiplexing of different DCI messages has quite dependency with the decision of E-PDCCH structure design, which can be generally categorized by two alternatives, i.e. FDM+TDM based structure and pure FDM based structure. With assuming these alternatives for E-PDCCH structure design, we discuss the multiplexing schemes for DL/UL grant and DCI messages of different UEs.
DL/UL Grant Multiplexing

For the multiplexing of DL/UL grant, three approaches could be considered as follows:

· Approach 1: Slot-boundary multiplexing
· Approach 2: Frequency domain multiplexing
· Approach 3: Spatial domain multiplexing (i.e. SU-MIMO)
The approach 1 allows independent resource assignment for DL and UL grant in slot-boundary as shown in figure 1. Similar with R-PDCCH design in Rel-10, when DL grant is transmitted in 1st slot, the 2nd slot of E-PDCCH PRB pair can be utilized for PDSCH or different DCI message (e.g. UL grant). Also, when UL grant is located in 2nd slot and DL grant is not transmitted in 1st slot, the 1st slot of E-PDCCH PRB pair cannot be allocated for data transmission. If E-PDCCH is designed by following R-PDCCH design, resource utilization efficiency improving should be further studied.
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Figure 1. Slot-boundary multiplexing between DL and UL grant
The approach 2 is the frequency domain multiplexing of DL and UL grant, where assumes that each grant are located different frequency region as shown in figure 2. When DCI formats for DL and UL grant for same UE, which have same size (e.g. DCI format 1A and 0), are transmitted in E-PDCCH region, this approach can provide a benefit in terms of blind decoding reduction as defined for legacy PDCCH. On the other hand, if UL grant is transmitted in the 1st slot only as shown in figure 2 (a), it is need to further study a resource utilization method to manage the 2nd slot of paired PRB.
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(a) In the 1st slot                                          (b) In both slots
Figure 2. Frequency domain multiplexing of DL and UL grant
The approach 3 is the spatial domain multiplexing between DL and UL grant for same UE, where assumes that each grant messages are transmitted via multiple layers as shown in figure 3. When DL and UL grant are transmitted in same PRB using spatial multiplexing scheme, some benefits in terms of resource efficiency and blind decoding reduction could be expected. However, if it is considered that high rank transmission can be allowed according to channel environment, UE receiver type and etc., we can conclude that spatial domain multiplexing of DL and UL grant for same UE is not proper work in E-PDCCH design.
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(a) In the 1st slot                                          (b) In both slots
Figure 3. Spatial domain multiplexing of DL/UL grant
Proposal 1: 

· DCI messages for single UE should be transmitted using single-layer only.
Multiplexing of DCI messages for different UEs
For the multiplexing of DCI messages for different UEs, three approaches could be considered as follows:

· Approach 1: PRB-wise frequency domain multiplexing 
· Approach 2: Frequency/time domain multiplexing within candidate PRB(s)
· Approach 3: Spatial domain multiplexing (i.e. MU-MIMO)
The approach 1 is the PRB-wise frequency domain multiplexing of DCI messages of different UEs, which means the whole REs of a PRB are assigned to DCI message(s) for a certain UE. As shown in figure 4, if all REs in given PRB(s) are allocated to a single E-PDCCH transmission, it is beneficial in terms of frequency selective transmission which is applicable when subband CSI is available at the eNB. However, it is hard to expect frequency diversity gain from a small-size E-PDCCH. 
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Figure 4. PRB wise frequency domain multiplexing of DCI messages for different UEs
The approach 2 is the frequency/time domain multiplexing of DCI messages potentially targeting different UEs within candidate PRB(s). The REs in a PRB are divided into several subsets in time and/or frequency domain and different UEs can be multiplexed by assigning different subset(s). It is also possible to transmit a single DCI message by using multiple subsets, each of which is located in well-separated PRBs as shown in figure 5. This transmission is beneficial in that it can achieve frequency diversity gain which could be considered as an important aspect for E-PDCCH design when subband CSI is not available at the eNB. In addition, it is also possible to transmit a single DCI message by using multiple subsets that are located in the same PRB (or closely located PRBs) in order to exploit the frequency selective scheduling gain when the subband CSI is available at the eNB. So, further study is needed on the details of DCI message multiplexing and the definition of subset. Also, if it is decided that Rel-10 DMRS based E-PDCCH is designed, further investigation regarding reference signal utilization is needed.
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(a) In the 1st slot                                          (b) In both slots
Figure 5. Frequency/time doming multiplexing of DCI messages for different UEs within candidate PRB(s)
The approach 3 is the layer multiplexing between DCI messages for different UEs (i.e. MU-MIMO) as shown in figure 6. As a straightforward solution to increase E-PDCCH capacity and improve resource utilization efficiency, we can consider MU-MIMO transmission for E-PDCCH. According to system level simulation result in [2], it is shown that MU-MIMO based E-PDCCH provides throughput improvement due to efficient resource utilization of E-PDCCH. So, to support layer multiplexing of E-PDCCH, DMRS resources assignment and accurate channel information reporting for E-PDCCH transmission can be investigated.
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(a) In the 1st slot                                          (b) In both slots
Figure 6. Spatial domain multiplexing of DCI messages for different UEs (i.e. MU-MIMO)

Proposal 2: 

· Further study is needed on how to multiplex DCI messages of different UEs in time, frequency, and space domains.
3. Conclusion

In this contribution, we discussed on the multiplexing schemes of different DCI messages. From the discussion, we can conclude as follows:

Proposals: 

· DCI messages for single UE should be transmitted using single-layer only.
· Further study is needed on how to multiplex DCI messages of different UEs in time, frequency, and space domains.
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