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Discussion and decision
1. Introduction
A work item for handling the agreed work for Enhanced Physical Downlink Control Channel (E-PDCCH) was agreed in RAN#55 [1]. Already in RAN1#66bis following agreement related to E-PDCCH was made:

Introduce an enhanced physical downlink control channel that is:

1) able to support increased control channel capacity

2) able to support frequency-domain ICIC, 

3) able to achieve improved spatial reuse of control channel resource 

4) able to support beamforming and/or diversity

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

6) 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 RAN1#67 following agreements were reached on the design guidelines for the E-PDCCH and the reference signals used for the demodulation.

Agreement:
· Both localized and distributed transmission of the enhanced control channel are supported

· At least for localized transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS


In addition the following working assumption was agreed
Working assumption:

· There are no cases where CRS is used for demodulation of the enhanced control channel.


Finally there was a majority of companies preferring that the multiplexing between PDSCH and E-PDCCH is based on FDM and that E-PDCCH and PDSCH are not multiplexed within a PRB so we are taking that as a starting point here as well even though final agreement have not been made yet.
With these agreements in mind we analyze in the following a number of open issues related to reference signals and make a few proposals on how to progress the design.
2. Reference signal for demodulating E-PDCCH
For LTE Release 8, 9 and 10 downlink control channels have been using the common reference signal (CRS) for demodulation. The main reasons to consider in Release 11 demodulation of downlink control channels with other reference signals is support for beamforming and increased spatial reuse within one cell. Support for beamforming and spatial reuse was discussed for PDSCH in release 10 and demodulation based on UE specific demodulation reference was introduced. It is thus natural to conclude that the UE specific demodulation reference signals should be supported for E-PDCCH.
However beamforming and spatial reuse are not the only requirements to E-PDCCH. Support for diversity transmission is also agreed. This is important to ensure robust operation when accurate channel state knowledge is not available. With frequency diverse transmission of E-PDCCH UE specific demodulation reference may not be the optimal solution. A minimal number of reference signal resource elements within each PRB are needed to get robust channel estimation so assuming that the E-PDCCH is split over multiple PRBs the relative reference signal overhead could become prohibitive. To provide efficient support for frequency diverse transmission, shared reference signal, such as CRS or shared DM RS, should be used. Shared DM RS can be obtained from UE specific DM RS by configuring the same sequence and port for multiple users. Main drawback of shared DM RS is that eNB is constrained to use the same precoding for all sharing users.

Proposal1: Support for shared demodulation reference signals should be considered for E-PDCCH.
Coexistence with legacy UEs in legacy carriers is another requirement to the E-PDCCH. As CRS has to be present on such carriers adding extra DM RS for demodulating E-PDCCH may lead to prohibitive high overall reference signal overhead. Especially in the common case of 1 or 2 transmit antennas at the eNB, the additional overhead of DM RS may not be justified as the gain from beamforming could be very limited. Moreover part of the gain mechanisms provided by E-PDCCH, such as frequency domain ICIC, frequency selective scheduling, increased control capacity, etc. does not rely on UE specific DM RS but is equally valid for CRS based demodulation. The effort needed to support CRS based channel estimation may also be limited as R11 UE will need to support CRS based transmission modes anyway. 
Proposal2:  Support for CRS based demodulation of E-PDCCH should be considered. 

Assuming that the proposed working assumption from RAN1#67 (PRB level FDM of E-PDCCH and PDSCH) is agreed then there will be no need for reusing demodulation reference among E-PDCCH and PDSCH. This means that the reference signal for these two channels could to some extent be selected independently. This is also supported by the fact that the DCIs used for transmission mode 8 and 9 carries information which the UE is using to configure the exact demodulation reference for PDSCH (rank, sequence and port). Such dynamic configurability seems not appropriate for E-PDCCH as the reference signal needs to be known before demodulation can be carried out. Testing with blind decoding different options for reference signal configuration would be possible as such but the UE should only be requested to do a rather limited number of blind decoding. Moreover, the robustness of such solution may also be questionable.
Proposal3: Demodulation references for E-PDCCH and PDSCH are independent. E-PDCCH demodulation reference should be known by the UE before starting the search on E-PDCCH. 
As starting point we see that allowing for semi-static configuration of a single DM RS port and sequence valid for all PRBs for E-PDCCH demodulation covers the basic needs for configurability of reference signal. In case demodulation reference is based on CRS such configuration is not needed.
In special cases it may happen that demodulation reference could be reused across PDSCH and E-PDCCH if transmitted in adjacent PRBs with similar assumptions. However allowing for such cross PRB channel estimation in this case would require additional signaling and considering that this may only happen on rare occasions, only provide limited gain and require UE to adjust channel estimation filters we don’t see important arguments for supporting this.

As also discussed in [2] and [3], the DM RS configuration should be part of the UE specific search space configuration. This is needed because the support of different transmission schemes would depend on how both E-PDCCH resources and reference signals are configured. As an example, if we want to support spatial multiplexing of two users with quasi-orthogonal reference signal we need to ensure that at least overlapping E-PDCCH resource can be used together with different DM RS sequence initializer. As robustness of E-PDCCH is very important we see that support of MU-MIMO operation for users transmitted from the same transmission point could be given lower priority. The same thing holds true of E-PDCCH transmission using SU-MIMO transmission with rank>1, which besides the reliability issue will require additional blind decodings between rank=1 and rank>1 transmission options. Nevertheless, we show an example for such a search space definition including SU-MIMO and MU-MIMO in Table 1.
Proposal4: DM RS configuration is part of the search space definition.

Final we remark that multiplexing with orthogonal reference signal 4 users in one PRB is an extreme case and it should be possible to operate E-PDCCH with only dual port DM RS allocated as this allows for significant lower reference signal overhead. This configuration should be informed to the UE as part of the configuration information related to E-PDCCH. Assuming that a default assumption is needed then dual port should be needed.
Proposal5: It should be possible to configure whether port 7-10 or only port 7 and 8 is available in E-PDCCH PRBs. Default UE assumption should be dual port.
	Transmission scheme
	UE
	Port
	Sequence
	E-PDCCH resource

	MU-MIMO

Orthogonal
	0
	7
	0
	0

	
	1
	8
	0
	0

	MU-MIMO

Quasi-orthogonal
	0
	7
	0
	0

	
	1
	7
	1
	0

	SU-MIMO rank 1
Shared
	0
	7
	0
	0

	
	1
	7
	0
	1

	SU-MIMO

Dedicated
	0
	7
	0
	0

	
	1
	8
	0
	1


Table 1 E-PDCCH transmission scheme and corresponding search space and reference signal configurations
3. Conclusions
This contribution has discussed demodulation reference for E-PDCCH.
To summarize we repeat the key proposals here:
Proposal1: Support for shared demodulation reference signals should be considered for E-PDCCH.
Proposal2:  Support for CRS based demodulation of E-PDCCH should be considered.

Proposal3: Demodulation references for E-PDCCH and PDSCH are independent. E-PDCCH demodulation reference should be known by the UE before starting the search on E-PDCCH. 

Proposal4: DM RS configuration is part of the search space definition.

Proposal5: It should be possible to configure whether port 7-10 or only port 7 and 8 is available in E-PDCCH PRBs. Default UE assumption should be dual port.
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