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Discussion and decision
1. Introduction
In RAN1#66bis the decision to develop an enhanced control channel was taken. This was based on the motivations and scenarios seen as important by a majority of the companies [1]. This contribution is aimed to describe the design principles corresponding to our view on the enhanced downlink control channel for Rel-11. Several design aspects are described here in order to give a more complete view of our understanding of the topic. However, some special solutions for optimizing the enhanced control channel is beyond the scope of this contribution but are treated separately in depth in some other contribution from our side.

More specifically, topics like relation to legacy PDCCH, multiplexing with PDSCH are treated in this contribution. Reference signals and search spaces are described in companion contributions [2] [3].
2. E-PDCCH, legacy DL control and multiplexing of DCI messages
In previous meetings we have seen that important motivations for E-PDCCH are increased capacity and ICIC with a cross scheduled carrier [1]. Based on that we see two major deployment scenarios for Rel-11
· Regular backwards compatible carrier with legacy control available. Here the sole purpose of the E-PDCCH is to enhance the capacity of the same carrier using multi-antenna techniques and frequency selective scheduling because the capacity of the legacy PDCCH has been shown to be smaller than the multi-antenna enhanced shared channel. Due to backwards compatibility there is a PDCCH present in the first few symbols, which carry the common control like RACH, system information and paging. Also in CoMP applications we envision backwards compatible carriers providing the common control.
· New carrier type associated to a backwards compatible carrier e.g. extension carrier operating as Scell with a corresponding Pcell on a backwards compatible carrier. The new carrier type still relies on the legacy control available in the backwards compatible carrier but could in addition contain an E-PDCCH channel. With the new carrier type, it is also possible to introduce ICIC for legacy control channels between nodes, as the PCFICH value could be configured/signaled to be "3", and then left free of any transmissions, thereby reducing the interference seen by other nodes in the same carrier. The purpose of the E-PDCCH is to provide UE-specific control from a selected frequency region inside the carrier. The solution from Rel-10 that Pcell carries the common control can be applied and there is no need for E-PDCCH to separately carry common control. 

It is therefore seen that there is no need for providing all control functions via the E-PDCCH in Rel-11. By relying on regular PDCCH for common control we also avoid complications and standardization efforts. To summarize we propose:

Proposal 1:

· When designing E-PDDCH, the working assumption is that the legacy control on PDCCH is always available to the UE either on the same carrier or in an associated backwards compatible carrier.
· E-PDCCH works as extension to legacy PDCCH and carries UE-specific DCI only

· The configuration of E-PDCCH relies on legacy PDCCH based RRC signalling 
In particular, for Rel-11 the regular PDCCH is still the main DL control channel providing the common control, RACH response, coverage limited operation and UE-specific DL and UL allocations. E-PDCCH is a seamless extension for UE-specific control motivated by Hetnets, DL MIMO and CoMP scenarios (as seen in email discussion summary [1]).
3. Multiplexing with PDSCH
In previous meetings two solutions for multiplexing the E-PDCCH with PDSCH have been proposed: FDM, where all available symbols for some PRBs in the PDSCH regions can be used for E-PDCCH and TDM, where E-PDCCH and PDSCH are time multiplexed in some PRBs in the subframe. The arguments for and against both multiplexing architectures are well known as they have been pointed out in the last few meetings.

Our biggest concern is the longer decoding latency in FDM. This severely increases the decoding time and thus limits other computationally expensive, but attractive, options as for example number of blind decodings. FDM also precludes the use of lower cost terminals as each UE has to be equipped with a higher speed CPU.
The starting point is the observation that if we based on radio channel state have selected an optimal set of PRBs and precoder for the DL PDSCH transmission, then we can inside that same allocation embed an E-PDCCH for the same UE and achieve optimal combined performance. We can then use the same DMRS port, DMRS sequence as well as the same precoding in each layer inside these PRBs for both control and data. The UE can assume the same DMRS ports in both slots and do channel estimation based on reference signals from both slots for PDSCH demodulation. Figure 1 shows the basic TDM solution with an E-PDCCH defining the DL allocation together with an UL E-PDCCH for the same UE inside the same DL allocation. 
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Figure 1. Multiplexing of E-PDCCH and PDSCH
This works well for DL E-PDCCH but for UL E-PDCCH when the UE does not have a downlink allocation there is no equally clean solution but the following options could be considered:
· If available, place the uplink E-PDCCH on a PRB not used by any downlink allocation. 

· Normal UL DCI transmitted by a legacy PDCCH

· Consider using some kind of combined DL/UL DCI format

· Support dynamic allocation of PDCCHs inside some other UEs downlink allocation. This option needs some form of additional signaling or blind decoding and is FFS.

We should also keep in mind that we most likely do not need an UL grant on potential new carrier types as these are targeting extension of downlink capacity and always associated with a backwards compatible carrier.
The E-PDCCH is always in the first slot of the subframe due to low decoding latency. The E-PDCCH could also benefit from a minimal distance from the DMRS to improve the demodulation performance. The actual symbols occupied by E-PDCCH are FFS but it seems that by using four symbols we can achieve good localization with reasonable code rates for the different aggregation levels. In any cases, E-PDCCH configurations are done with RRC signaling based on PDCCH. Further discussions are needed whether we need a fixed number of REs per aggregation level as in Rel-8 PDCCH or we should support fixed code rates independent of the DCI format size.
In order to achieve flexibility and a good utilization of the resources it is seen important that resources which potentially can carry E-PDCCH can also be reused by PDSCH in case not used for E-PDCCH. As one of main motivation for E-PDCCH is capacity it is important to ensure a flexible sharing between data and control in order to not lose the gain which is achieved by beam forming and frequency selectivity. If, as proposed above, E-PDCCH is always contained within PDSCH allocation of the same user such dynamic resource sharing is enabled without any additional blind decoding or signalling and we can extract maximal gain from E-PDCCH support.
This leads to proposal 2:

Proposal 2:
· The E-PDCCH is always in the first slot of the subframe to support low decoding latency
· The baseline design principle for TDM is to place an E-PDCCH inside a physical downlink allocation for the same UE. E-PDCCHs inside another UEs allocations are FFS

· The design target is that UE can assume the same DMRS port, sequence, precoding and power for both slots in a PRB used for both control and data 

· Discuss further the tradeoff between fixed code rates or fixed number of REs for E-PDCCH

· Unused E-PDCCH resources can be reused by PDSCH
4. Conclusions
This contribution has defined a baseline approach for TDM type of E-PDCCH.  Many details have to be filled in but the basic principles for the multiplexing are proposed. There are also several options, which are FFS and which can treated later.
This approach combines simplicity with efficiency and also represents a standardization burden we can handle in the time frame of Rel-11. To summarize we repeat the proposals.

Proposal 1:

· When designing E-PDDCH, the working assumption is that the legacy control on PDCCH is always available to the UE either on the same carrier or in an associated backwards compatible carrier.
· E-PDCCH works as extension to legacy PDCCH and carries UE-specific DCI only

· The configuration of E-PDCCH relies on legacy PDCCH based RRC signalling 
Proposal 2:
· The E-PDCCH is always in the first slot of the subframe to support low decoding latency
· The baseline design principle for TDM is to place an E-PDCCH inside a physical downlink allocation for the same UE. E-PDCCHs inside another UEs allocations are FFS

· The design target is that UE can assume the same DMRS port, sequence, precoding and power for both slots in a PRB used for both control and data 

· Discuss further the trade-off between fixed code rates or fixed number of REs for E-PDCCH

· Unused E-PDCCH resources can be reused by PDSCH
References
[1]

R1-113157, Summary of email discussion on enhanced PDCCH, RAN1#66bis, Nokia
[2]

R1-114330, Reference signals for TFM based E-PDCCH, RAN1#67, Nokia, Nokia Siemens Networks
[3]

R1-114331, Search space design for TDM based E-PDCCH, RAN1#67, Nokia, Nokia Siemens Networks
Slot 0





Slot 1





PDSCH allocation based on a CSI report  for UE 1





E-PDCCH for the allocation is placed inside the PDSCH PRBs allocated for that user (UE 1)





E-PDCCH for an UL allocation for the same user (UE 1) can be positioned here as well
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