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1. Introduction 
At the RAN1#67 meeting, the following design principles for E-PDCCH were agreed [1]: 

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

· At least for localised 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

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

We have discussed in [2] some possible transmission modes and the corresponding requirements for reference signals for E-PDCCH demodulation.  In this contribution, we discuss further some design considerations and options related to reference signal design for E-PDCCH demodulation.  
2. DMRS for E-PDCCH
The reference signal design for E-PDCCH demodulation is closely dependent on the transmission mode to be used, e.g. beamforming (BF) or transmit diversity (TxD), as well as the way different E-PDCCHs are multiplexed.   Since both localized and distributed transmission of E-PDCCH will be supported and DMRS ports 7 to 10 will be used as the demodulation reference signals, the question is then how to use the legacy DMRS ports 7-10 for E-PDCCH demodulation under the following scenarios for E-PDCCH transmission:
· Distributed transmission

· Beamforming

· Transmit diversity

· Localized transmission

· Beamforming

· Transmit diversity
2.1. Beamforming Transmission 
For E-PDCCH with rank-1 beamforming , DMRS can be similarly used as that for PDSCH.  In one option, a UE may be assigned with a DMRS port and a scrambling ID (SCID) and the DMRS and the E-PDCCH for the UE would be precoded together with a same precoding vector.   With this per UE DMRS port assignment, it is possible to support spatial multiplexing of multiple E-PDCCHs for different UEs on the same resource in a cell (i.e. MU-MIMO).  For an example, two E-PDCCHs may be spatially multiplexed by assigning DMRS port 7 to one UE and DMRS port 8 to the other UE.  One issue with this kind of transmission is how to signal the DMRS port (and scrambling ID) assignment to a UE. In Rel-10 PDSCH, they are dynamically indicated in a DCI.  For E-PDCCH, semi-static configuration with higher layer signaling may be used as dynamic signaling is not applicable to E-PDCCH.  
Although it is possible to support MU-MIMO transmission for E-PDCCH within a cell, the more practical application scenario for this kind of transmission may be in the case of CoMP scenario 4, where spatial multiplexing of E-PDCCHs could be used among UEs served by different LPNs/RRHs.  For example, if UEs served by the same LPN/RRH are assigned with the same DMRS port and SCID, it requires a DMRS reconfiguration if a UE moves from one LPN/RRH to another.  Alternatively, DMRS and SCID assignment could be UE-specific to avoid such re-configuration. 
To avoid this DMRS reconfiguration problem, an UE specific DMRS sequence may be used. For example, C-RNTI may be used to replace the SCID in the DMRS sequence initialization.  Alternatively, it could be achieved by replacing 
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Proposal: UE specific DMRS sequence could be supported for beamforming 
2.2. Transmit Diversity Transmission
When transmit diversity (TxD) is used to support high mobility UEs and improve diversity gain, CRS could be used similar to the R-PDCCH case. However, CRS cannot be used in some cases, such as in MBSFN subframes and per-TP transmission in CoMP Scenario 4. 
Alternatively, multiple DMRS ports, one for each antenna, can be used to support TxD. In this case, each DMRS port functions like a legacy CRS port and no precoding would be performed on the DMRS ports. Without precoding, the DMRS ports can be shared by all the UEs in a cell. For this purpose, a common DMRS sequence is needed.  This could be achieved by using the legacy DMRS sequence with SCID=0 (or 1) for DMRS ports 7 & 8.  For different TPs within a cell, non-overlap PRBs could be used for E-PDCCH configured with TxD.
Proposal: Cell specific DMRS sequence could be supported for E-PDCCH transmission with transmit diversity
2.3. Distributed Transmission

In case of distributed transmission, an E-PDCCH would be transmitted over multiple PRBs or PRB pairs to obtain higher degrees of frequency diversity.  A PRB or a PRB pair would then be shared by multiple E-PDCCHs.  Two possible multiplexing schemes could be used, i.e. CCE based as in legacy PDCCH or a new scheduling unit based, referred here as eCCE. 

CCE based multiplexing:

Similar to the case of R-PDCCH with cross-interleaving, REG could be defined over the OFDM symbols and the VRBs configured for distributed E-PDCCH transmission. E-PDCCHs are allocated in terms of CCEs as is done in legacy PDCCH or R-PDCCH.  In this case, transmit diversity or single antenna port transmission would be used.   
Instead of using CRS as reference signal as in the case of PDCCH or R-PDCCH, non-precoded DMRS can be used.  The number of DMRS ports could be either the same as the number of CRS ports or separately configured.  
This CCE based scheme could provide robust performance in case of high mobility or when reliable/accurate channel feedback information is not available.  It could also maximize the frequency diversity over the configured VRBs.  However, some modifications of the REG definition in the OFDM symbols containing DMRS and/or CSI-RS REs are needed. 
eCCE based multiplexing:
As discussed in [2] [4]

 REF _Ref314228487 \r \h 
 \* MERGEFORMAT [5] and further  in a companion contribution [6] , a new scheduling unit may be defined such that it is comparable in size to a CCE and multiple such units may be contained in a PRB or PRB pair.  We could refer this new scheduling unit as eCCE as it is called in [4]. An example of partitioning a PRB pair into multiple eCCEs is shown in Figure 1, where four eCCEs are multiplexed in a CDM fashion.  With eCCE, an E-PDCCH can also be transmitted over multiple PRB/PRB pairs to increase frequency diversity. As such, a PRB/PRB pair would be shared by multiple E-PDCCHs.  
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Figure 1: An example of eCCE multiplexing with CDM in a PRB pair.
In this case, either single antenna port, transmit diversity or beamforming may be used for E-PDCCH transmission.  In case of a single antenna port or transmit diversity transmission, common non-precoded DMRS may be used for demodulation of the E-PDCCHs in a PRB or PRB pair.  For transmit diversity, either two DMRS ports 7 &8 or four DMRS ports 7 to 10 may be used.   
In case of beamforming, a separate DMRS port would be used for each E-PDCCH. A DMRS port could be either assigned to a UE or assigned to an eCCE in a PRB or PRB pair.  The latter would avoid the signalling of a DMRS port to a UE.  

Proposal:  

1. eCCE may be used as the minimum unit for E-PDCCH resource allocation

2. CDM may be used for eCCE multiplexing within a PRB or PRB pair

3. In case of E-PDCCH with beamforming, a predefined  DMRS port to eCCE assignment  in a PRB or PRB pair may be used

2.4. Localized Transmission

In case of localized transmission, a PRB may be exclusively used for a single E-PDCCH transmission with beamforming.  However, even in this case, using a PRB as the minimum scheduling unit for E-PDCCH may be too coarse, particularly for small size DCIs. So it seems make sense to use a scheduling unit that is smaller than a PRB or PRB pair, such as an eCCE, for E-PDCCH transmission to improve resource utilization.  In this case, one or multiple consecutive eCCEs would be allocated to an E-PDCCH.  
With this approach, it is still possible that more than one E-PDCCH could be scheduled in a PRB or PRB pair.   A separate DMRS port may be used for the demodulation of each scheduling unit within a PRB or PRB pair.  A mapping between a DMRS port and an eCCE in a PRB/PRB pair could be predefined so that no signaling of DMRS port to a UE is required.  Figure 2 shows an example, where there are four eCCEs in a PRB pair, four DMRS ports are used, DMRS port 7 is used for the demodulation of eCCE1, DMRS port 8 is used for the demodulation of eCCE2 and so on.  In case more than one eCCEs in a PRB/PRB pair are allocated to an E-PDCCH, a single DMRS port would be enough for demodulation of the E-PDCCH. However, with one DMRS port per eCCE, it would be possible to perform random beamforming on a per eCCE basis if channel state information is unavailable or unreliable, which is more effective than per PRB based random beamforming.
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Figure 2:  Per eCCE beamforming for an E-PDCCH when all eCCEs are allocated to the E-PDCCH.
3. Conclusions

In this contribution, a few options on DMRS configurations for E-PDCCH transmission are discussed.  The following proposals can be considered. 
Proposals:

1. For E-PDCCH with TxD, a common cell specific DMRS sequence could be used

·  Non-precoded DMRS may be supported 
2. For E-PDCCH with beamforming,  a UE specific DMRS sequence could be used

· In case of E-PDCCH resource allocation with eCCE, DMRS port to eCCE mapping within a PRB or PRB pair could be pre-defined 
· CDM based approach may be used for multiplexing  multiple eCCEs in a PRB or PRB pair
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