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1 Introduction
Working Assumption from RAN1#66bis, based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO:
· Introduce an enhanced physical downlink control channel that is:

· 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.
This document discusses E-PDCCH multiplexing scheme. For multiplexing scheme, it should be designed to support frequency-domain ICIC, achieve improved spatial reuse of control channel resource, support beamforming and/or diversity.
2 Discussion
E-PDCCH mapping

In order to support frequency-domain ICIC and beamforming and/or diversity, we propose an E-PDCCH can be mapped to all OFDM symbols in a PRB pair
. To support beamforming with UE specific RS, UE specific RSs on both slots should be used for E-PDCCH demodulation. We think the support of an FDM+TDM approach like using only one slot should be avoided since such an approach is not effective for flexible power allocation for E-PDCCH, frequency-domain ICIC and demodulation of E-PDCCH if only DMRS in one slot is used for E-PDCCH demodulation.
From SLS result [1], one PRB pair is too large for one E-PDCCH. One PRB pair
 should contain multiple E-PDCCHs or multiple parts of E-PDCCH. Within a PRB pair, how to multiplex different E-PDCCH should be further discussed. Possible way would be FDM, FD/TD Interleaving and CDM. 
In addition, in order to improve the spatial reuse of control channel resources, spatial multiplexing of E-PDCCHs is also considered. Multiple E-PDCCHs are transmitted from different antenna ports.
Multiplexing DL assignment and UL grant

In PDCCH, DL assignment and UL grant are configured on the same search space. In this approach, DCI format 0/1A cost the same blind decoding, which is suitable to keep the number of blind decoding trials small. In R-PDCCH, DL assignment and UL grant have different search spaces with respect to the detailed T/F resources. This increases the number of BD trials. Therefore if DCI format 0/1A are supported on E-PDCCH, we propose to use the PDCCH search space approach, i.e. DL assignment and UL grant share the same search space.
For spatial multiplexing, it is preferable to apply single-rank transmission on E-PDCCH from single user perspective. Spatial multiplexing of a DL assignment and an UL grant for the same UE should be possible, but the operation is different to PDSCH SU-MIMO operation since spatial inter-layer cancellation by the UE should not be assumed.

Necessity of early decoding of DL assignment
Early decoding of DL assignment was proposed by putting the DL assignment only in REs within the 1st slot and UL assignment only in REs within the 2nd slot, like an R-PDCCH. 
The decoding delay of the DL assignment for FDM vs. FDM+TDM was studied in [2]. It should be noted, in case when the DM-RS of the last OFDM symbols are also used for PDSCH demodulation, the PDSCH decoding can not be started until the last OFDM symbol is received [3]. Therefore, the only remaining processing time difference between no early decoding (FDM approach) and early decoding (FDM+TDM approach) is the E-PDCCH FEC Viterbi decoding time, which is quite short. We don't see this as a substantial difference and therefore as a negligible advantage of the FDM+TDM approach. 

We observe that for Rel-11, RAN1 is rather focusing to increase the median/edge data rate rather than the peak data rate of the PDSCH, for which semi-conductor technology improvements, e.g. by faster clocking, do not need to be utilized. Instead it can be used to shorten PDSCH/E‑PDCCH decoding time/delay and/or apply more parallel processing. 

Even with the above situation, if one argues the processing time is the issue, one possible compromise would be to reduce the maximum peak rate for certain TA values. For example, if the TA value is more than 80% of the maximum value (i.e. corresponds to a distance of 80 km between eNB and UE), the maximum peak rate is reduced to around 80% of UE's capability when E-PDCCH is configured. As a very high data rate would not usually be used in a larger propagation delay condition, the restriction for the system operation would not be so large in such a case. But it is able to reduce the time for PDSCH decoding, leaving sufficient time for the UE to complete the HARQ-ACK procedure in time.

3 Summary and Proposal
This contribution discusses the multiplexing between DL assignment and UL grant. Based on the discussion the following proposals are made:
· UE specific RSs on both slots should be used for E-PDCCH demodulation.
FDM+TDM approach like using only one slot should be avoided
· One PRB pair should contain multiple E-PDCCHs or multiple parts of E-PDCCH.
Within a PRB pair, how to multiplex different E-PDCCH should be further discussed. Possible way would be FDM, FD/TD Interleaving and CDM.
· If DCI format 0/1A are supported on E-PDCCH, we propose to use the PDCCH search space approach, i.e. DL assignment and UL grant share the same search space.
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� We think that the starting OFDM symbol should be configurable from the set of {#0, #1, #2, #3}, while the ending OFDM symbol should always be the last OFDM symbol of a subframe.


� A PRB pair spans only a single layer in this understanding
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