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1 Introduction

The following agreement and working assumption on the association between DMRS ports and ePDCCHs were made in RAN1#69: 
	Agreement:

· In localized allocation, each eCCE index is associated by specification with one antenna port 

· In case a DCI message uses multiple eCCEs in the PRB pair, one AP per PRB pair is selected among the associated APs and used for ePDCCH demodulation

· FFS whether the selection is according to the C-RNTI or another UE-specific configuration based rule.

· FFS whether a second AP with the same precoding as the one AP may be configured. 

· Working assumption that the association from eCCE index of different DCIs to AP is a one-to-one mapping for normal CP

· A many-to-one mapping can be considered further

· Consider both normal and extended CP

· Note that details are FFS for the case of only 2 ports being configured in the system

· Note that if it is agreed that the size of a group of REs for the spatial diversity scheme is smaller than a PRB pair, then the above is not applicable if the spatial diversity scheme is used. 

Working Assumption:

· In distributed allocation, at least if spatial diversity is used, each eREG/RE index is associated by specification with one antenna port 

· The associated AP for each used eREG/RE is used for ePDCCH demodulation
· If it is agreed that the size of a group of REs for the spatial diversity scheme is larger than an eREG, then it is FFS whether the antenna port can be the same for multiple eREGs within a PRB pair.


This contribution discusses further details of association between antenna ports and ePDCCH transmissions. 

2 Reference Signal for ePDCCH
The following working assumption was made in RAN1#67:
	· There are no cases where CRS is used for demodulation of the enhanced control channel.


Possible RS design alternatives for ePDCCH demodulation include:

· Alternative 1: CRS-based enhanced control signaling

Demodulation of ePDCCH can be based on the wideband CRS (WB-CRS) when using for example transmit diversity or when multiple UEs are multiplexed in the same PRB pairs. As the WB-CRS is widely and densely distributed, channel estimation accuracy will be better compared to a DMRS-based one. 

However, a WB-CRS is not (or may not be) available in CoMP and in MBSFN subframes which are among the main cases requiring enhanced downlink control channels. This means that different downlink control channels need to be designed if WB-CRS is also used for demodulation of enhanced downlink control channels. Considering the specification complexity and the UE-receiver complexity, the trade-off  for this alternative is a negative one. 

On the other hand, further discussions are needed about machine-type communications (MTC). If MTC UEs have the channel estimator based on WB-CRS, then Alternative 1 should be considered to avoid increasing MTC-UE receiver complexity. This aspect should be left for further study.

· Alternative 2: Group-UE-specific DMRS based enhanced control signaling

With group-UE-specific DMRS, the eNB does not precode the DMRS according to a UE-specific beamforming pattern. A group-UE-specific DMRS is particularly useful for distributed ePDCCHs and for transmission of control channels conveying UE-common information, if supported in Rel-11 or future Releases, (e.g. ePHICH, ePCFICH, eCSS).  

It is important to note that from UE’s perspective, there is no difference between group-UE-specific DMRS and UE-specific DMRS as the same receiver structure will be used to perform channel estimation and data demodulation/decoding.

· Alternative 3: UE-specific DMRS-based enhanced control signaling

A UE-specific DMRS is transmitted per PRB pair and is precoded according to a UE-specific beamforming vector assuming that UE feedback is available, suitable, and reasonably accurate. Within one PRB pair, a UE will be allocated one or more DMRS ports for ePDCCH demodulation. Multiple UEs may share the same set of PRB pairs using MU-MIMO transmission. UE-specific DMRS is particularly useful for localized ePDCCHs.
Proposal 1: Confirm the working assumption that there are no cases where WB-CRS is used for demodulation of enhanced control channels. Further discussion is needed for MTC UEs.

Assuming Proposal 1 is agreed, unlike the DMRS for PDSCH which is configured by a corresponding DCI format, the DMRS-related configuration for ePDCCH must be made in advance or assumed by the UE before the detection of ePDCCHs. The DMRS-related configuration includes the DMRS ports associated with an ePDCCH, the DMRS scrambling sequence, and the number of configured DMRS ports.
3 Antenna port for distributed ePDCCH

A distributed ePDCCH is transmitted over multiple PRB pairs to obtain frequency diversity gain and interference diversity gain. In this case, multiple ePDCCHs transmitted to multiple UEs will populate the respective PRB pairs. If a UE-specific DMRS is defined for each ePDCCH, too many DMRS ports will need to be assigned in each PRB pair. Therefore, group-UE-specific DMRS (Alternative 2) is a better choice as it saves DMRS overhead. The DMRS ports associated with distributed ePDCCHs can be fixed and do not need to vary across subframes.
Proposal 2: For distributed ePDCCHs, confirm the working assumption that each eREG/RE index is associated by specification with one antenna port. 
4 Antenna port for localized ePDCCH

For localized ePDCCHs, unlike distributed ePDCCHs, one eCCE is confined within one PRB pair, and a PRB pair may carry multiple ePDCCHs, each of which uses one (or multiple) orthogonal DMRS port(s). An antenna port is selected as the DMRS port based on the eCCE index/location in the PRB pair where the localized ePDCCH is transmitted. The eCCEs can be jointly and continuously indexed so that those eCCEs inside a PRB pair have continuous indices. For example, if a PRB pair includes 4 eCCEs, 4 eCCEs will be assigned with antenna ports 7~10 respectively according to their indices. This ensures that when 4 ePDCCHs are multiplexed in a PRB pair, each of them can be exclusively allocated with an orthogonal DMRS port.
Let’s assume that the DMRS port is determined by the index of the starting eCCE of an ePDCCH candidate, i.e.
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 is the starting index (i.e. the lowest index of the aggregated eCCEs) of ePDCCH candidate m in subframe k. An example of such an eCCE index/location based approach is illustrated in Figure 1. Note that in case of aggregation level 2, even though there are empty ports, they cannot be used for MU-MIMO with this example.
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Figure 1: DMRS port mapping which does not support ePDCCH MU-MIMO
To support ePDCCH MU-MIMO, two options have been identified:

· Option 1: The DMRS port is UE-specifically configured by higher-layers.

The eNB configures a UE to use a certain DMRS port in a given subframe. The UEs multiplexed in the same PRB pair must be configured so that they are using orthogonal DMRS ports. However, as UE scheduling and transmission of ePDCCHs are dynamic, a semi-static UE-specific port allocation will impose constrains on UE and ePDCCH scheduling and will increase blocking probability. For example, if a UE is configured a single DMRS port per PRB pair, UEs assigned with the same DMRS port cannot be scheduled in the same PRB pair. The benefit from this alternative should be clarified considering the signaling overhead. 
· Option 2: The DMRS port is determined as a function of C-RNTI
This approach can save the signaling overhead in Option 2. To obtain the benefit from Option 1, additional RRC signaling needs to be introduced. However, even if such benefit exists, it is already provided by Option 2. Any ambiguity issue during reconfigurations is the same for Option 1 and Option 2. If the DMRS port is determined only by C-RNTI, then a similar scheduling constraint as in Option 1 exists. If associated DMRS ports are sufficiently randomized, then the blocking problem can be resolved. 
Let’s further discuss the design based on Option 2. Note that C-RNTI is already part of the legacy search space. According to Rel-10, PDCCH candidate m in subframe k is determined by the following function:
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 is a random variable generated by a hashing function depending on the C-RNTI [1, 9.1.1].
A similar equation can be used to generate ePDCCH candidates by also jointly indicating the DMRS port based on the index of an eCCE composing an ePDCCH candidate. It is, of course, UE-specific which eCCE composing an ePDCCH determines its DMRS port. 
Figure 2 shows an example of Option 2. For aggregation level 1, the DMRS port is determined only by the eCCE of the ePDCCH candidate. Since all the UEs will have a DMRS port associated with an eCCE, ePDCCH MU-MIMO is not supported in case of aggregation level 1. For aggregation level 2, different groups of UEs will be assigned different DMRS ports. This example transparently enables MU-MIMO of ePDCCHs by transmitting two ePDCCHs on a same pair of eCCEs with different DMRS ports. This operation can be generalized as follows:

· For aggregation level L, there are L UE groups and the UEs selected from different UE groups can be multiplexed with a same eCCE resource and different DMRS ports.

· A UE group will derive its DMRS port from one of the eCCE(s) constructing the ePDCCH candidate.

To enable this operation, the following procedure is proposed:

Step 1: Generate a random variable of Yk from the hashing function defined in LTE Rel-8. The C-RNTI and the subframe index k are used in this generation.

Step 2: Transform Yk to an eCCE pointer of Xk,m for ePDCCH candidate m and aggregation level L. The definition of Xk,m is provided in [3].
Step 3: Derive eCCEs and DMRS port for the ePDCCH candidate from the eCCE pointer Xk,m. 

This procedure is illustrated in Figure 3.
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Figure 2: DMRS port mapping which supports ePDCCH MU-MIMO
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Figure 3: Proposed procedure for Option 2
Step 3 in the above procedure can be further explained in the following way:

· Derivation of the DMRS port: The DMRS port is determined by
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 denote the number of eCCEs per PRB pair and the number of DMRS ports for aggregation level L. If 
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 are assumed, each eCCE pointed by Xk,m is associated with a DMRS port such that
· eCCE 4n is mapped to DMRS port 7.

· eCCE 4n+1 is mapped to DMRS port 8. 

· eCCE 4n+2 is mapped to DMRS port 9.

· eCCE 4n+3 is mapped to DMRS port 10.
· Derivation of the eCCEs: For eCCE aggregation levels
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The eCCE with the lowest index (leading eCCE) for an ePDCCH candidate can be different than the eCCE indicated by Xk,m but the DMRS port is determined by the eCCE indicated by Xk,m.
Figure 3 shows an example of how to use Xk,m in determining the eCCEs and DMRS port of an ePDCCH candidate. In this example, antenna port 8 is selected as the DMRS port by Xk,m. It is also shown which eCCEs are used to construct the ePDCCH candidate. 

It has been discussed how to derive DMRS ports and eCCEs for localized ePDCCHs from a given Xk,m. How to define the interim eCCE pointer (Xk,m) should be further discussed taking into account the search space design since it will also be used to form the search space. Discussion on ePDCCH search space design is provided in companion contributions [2, 3]. 

Proposal 3:For a localized ePDCCH candidate, a respective DMRS port is determined as in Equation (1).
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Figure 3: An example of association between DMRS port and localized ePDCCH

5 Conclusions

This contribution considered the demodulation reference signals for ePDCCH detections and proposes the following:
· Confirm the working assumption that there are no cases where WB-CRS is used for demodulation of enhanced control channels. Further discussion is needed for MTC UEs.

· For distributed ePDCCHs, confirm the working assumption that each eREG/RE index is associated by specification with one antenna port.
· For a localized ePDCCH candidate, a respective DMRS port is determined as 
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