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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.

In RAN1#68, further agreement was reached on SU-MIMO support as follows [2]:
· Agreement:
· At least for the E-PDCCH transmission that supports localized transmission
· Single layer (i.e., rank 1) transmission is supported

· support of 2 layer SU-MIMO is FFS
· rank 3 and 4 SU-MIMO is not supported
It was also noted in the chairman’s notes [2] that further study is needed for the following remaining issues:

· How to determine AP(s) to use ePDCCH detection

· How to determine scrambling sequence for ePDCCH detection

· How to determine the number of AP for ePDCCH

· If and how to support the spatial diversity for distributed transmission

· If and how to use ePDCCH signature for ePDCCH detection
In this contribution, we discuss some possible options related to the above issues.  
2. eCCE Based Localized or Distributed E-PDCCH Transmission
As suggested by a number of companies in the previous RAN1 meetings, a PRB pair allocated to an E-PDCCH region configured to a UE  may be divided into a number eCCEs,   An E-PDCCH region may consists of a number of either contiguous or non-contiguous PRBs. The eCCEs available in an E-PDCCH region can be indexed from 0 to NeCCE -1, i.e.,
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, where NeCCE is the total number of eCCEs in the E-PDCCH region. Similar to the legacy PDCCH, an E-PDCCH can be transmitted on an aggregation of one or several consecutive eCCEs. An E-PDCCH candidate of aggregation level(AL) L, may only start at an eCCE fulfilling m mod L =0, where m is the eCCE index.  

Both localized and distributed E-PDCCH transmissions may be supported. For localized E-PDCCH transmission, the eCCEs are mapped to contiguous PRBs within an E-PDCCH region as shown in Figure 1.  UE-specific beamforming via UE-specific channel dependent precoding would be used. The same precoding could be applied to the DMRS port assigned for the E-PDCCH demodulation. An E-PDCCH is not cross interleaved with other E-PDCCHs.
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Figure 1: An E-PDCCH region and corresponding eCCEs for localized E-PDCCH transmission
For distributed E-PDCCH transmission, an E-PDCCH may be distributed over multiple VRBs in an E-PDCCH region. Multiple E-PDCCHs may be cross interleaved.  To support E-PDCCH demodulation, DMRS ports within a PRB pair of an E-PDCCH region may either be shared by all UEs configured to support transmit diversity or open-loop beamforming, or be UE specific to support per UE beamforming.  The distributed transmission may be achieved by applying interleaving on eCCEs before mapping them to the physical resources as shown in Figure 2. 
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Figure 2: An E-PDCCH region and corresponding eCCEs  for distributed E-PDCCH transmission
A UE monitors a set of E-PDCCH candidates in every non-DRX subframe. A search space may be defined for a UE at aggregation level L in the range of, for example, {1, 2, 4, 8.}. The starting eCCE position of an E-PDCCH candidate for a UE could be linked to its UE ID (i.e. RNTI) and the subframe index.   
3. DMRS for Localized E-PDCCH Transmission
3.1. DMRS port allocation 
As it has been agreed, DMRS ports 7-10 are available for E-PDCCH demodulation in a PRB pair.   When all the DMRS REs associated with a DMRS port in a PRB pair can be used for demodulation of an eCCE in the PRB pair, up to four eCCEs can be defined in a PRB pair. An example is shown in Figure 3, where four eCCEs are defined in a PRB pair.

[image: image4]
Figure 3:  An example of eCCE definition in a PRB pair 
An implicit association between a DMRS port and an E-PDCCH resource in a PRB pair could be predefined, and therefore, no explicit signalling of DMRS port(s) to a UE is needed.  
For aggregation level L=1, if 
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) is allocated to an E-PDCCH, the DMRS port could be mapped to the E-PDCCH as follows:
DMRS port number = 
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Where 
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=4  is the number of eCCEs defined in a PRB pair.  The association between a DMRS port and an eCCE is shown in Figure 4, where each E-PDCCH in a PRB pair is associated with a different DMRS port. 
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Figure 4:An example of DMRS port and E-PDCCH association at aggregation level 1
For aggregation level L >=2, assuming a set of L eCCEs 
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 are allocated to an E-PDCCH candidate, where 
[image: image11.wmf]}

,...,

1

,

0

{

L

N

m

eCCE

-

Î

and 
[image: image12.wmf]0

mod

=

L

m

, the DMRS port could be assigned  to the E-PDCCH as follows:
DMRS port number =  
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where 
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is a function of the eCCE indices.   An example with 
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 is shown in Figure 5, where the largest eCCE index allocated to the E-PDCCH is used to derive DMRS port. 
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Figure 5: An example of DMRS port assignment for E-PDCCHs with different aggregation levels 

Support MU-MIMO transmission of E-PDCCH :
With the implicit DMRS port assignment rule, MU-MIMO transmission can be supported for E-PDCCHs with certain aggregation levels combinations. In this contribution, MU-MIMO transmission is limited to multiple UEs where each UE transmit its E-PDCCH using single spatial layer.  Orthogonal DMRS ports are assumed for each UE for its E-PDCCH demodulation in MU-MIMO transmission. 
An example is shown in Figure 6, where E-PDCCH3 (with AL=2 and using DMRS port 10) is paired with E-PDCCH5 (with AL=1 and using DMRS port 9) over eCCE2 for MU-MIMO transmission of E-PDCCH. Similarly, E-PDCCH4 (with AL=4 and using DMRS port 10) can be paired with E-PDCCH6 (With AL-2 and using DMRS port 8) and/or E-PDCCH7 (with AL=1 using DMRS port 9) for MU-MIMO transmission.  It can be noted from the examples shown that the pairing for MU-MIMO transmission may need to be done between E-PDCCHs with different aggregation level in order to assign orthogonal DMRS port to each UE. This is because for E-PDCCHs with the same aggregation level and occupy the same eCCEs, the same DMRS port would be obtained using the implicit DMRS assignment rule. It is believed that such limitation is minor and should not bring too much restriction on scheduling E-PDCCH for MU-MIMO transmission. 
For E-PDCCHs with the same aggregation level, MU-MIMO transmission could still be supported if they are configured with different DMRS scrambling IDs and spatially well separated such as among two transmission points. 
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Figure 6: An example of MU-MIMO for E-PDCCH with implicit DMRS port association.
Support SU-MIMO transmission of E-PDCCH:
To support SU-MIMO of E-PDCCH with two layers, a UE needs to be configured to perform blind decoding for two layers. The implicit DMRS port assignment rule may still be used to obtain the DMRS port for one of the two layers such as the first layer, while the DMRS port for the other layer may be derived accordingly. An example is shown in Figure 7, where for each E-PDCCH transmission on two layers,  the DMRS port for layer 1 is derived from the implicit rule and the DMRS port for layer 2 is selected such that the DMRS ports for the two layers forms one of the two DRMS pairs, {7,8} or {9,10}.  

[image: image18]
Figure 7:  An example of DMRS port allocation for SU-MIMO
For aggregation level 1, SU-MIMO could be supported if   the second layer is assigned with a DMRS port associated with  other eCCE in the same PRB pair which is not used.
Observations:

· Implicit  DMRS port assignment   for E-PDCCH demodulation which requires no explicit signaling of DMRS port
· MU-MIMO transmission of E-PDCCH can be supported   with orthogonal DMRS ports and/or with different DMRS sequences.
· Two-layer SU-MIMO transmission of E-PDCCH can be supported with orthogonal DMRS ports.  
3.2. DMRS scrambling sequence allocation

The DMRS sequence could be initialized with a modified formula, i.e. 
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can be UE specifically configured. For UEs served by the same TP, the same variable x and scrambling ID 
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 may be used to support MU-MIMO via orthogonal DMRS ports.   To support MU-MIMO for UEs served by different TPs within a cell, the same variable x but a different scrambling ID 
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 may be used. This would allow the support of MU-MIMO with non-orthogonal DMRS ports.   For UEs served by different cells, different variable x may be used to achieve interference randomization between cells.  
Observations:

· The same 
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and same or different SCID may be configured for UEs served by the same TP

· Different 
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and/or SCID may be configured for UEs served by different TPs
4. DMRS port allocation for distributed E-PDCCH transmission

In case of distributed transmission of E-PDCCH, two possible multiplexing schemes could be used, i.e. CCE-based as in the legacy PDCCH or eCCE-based, which is new in Rel-11. In this case, spatial diversity could be achieved by using either transmit diversity (TxD) or open-loop beamforming (OL-BF). 
4.1. DMRS allocation for 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. Resources for E-PDCCHs are allocated in terms of CCEs as is done in legacy PDCCH or R-PDCCH.  Instead of using CRS as demodulation reference signal, DMRS without precoding may be used.  The number of DMRS ports could be separately configured to a UE as part of its E-PDCCH configuration.   
However, there is a challenge for REG definition in OFDM symbols containing CSI-RS REs. This is because CSI-RS configuration is UE specific. Thus different UEs may see different REs available in a PRB pair for its E-PDCCH transmission, causing inconsistent understanding of REG to RE mapping between UEs. 
4.2. DMRS allocation for eCCE based multiplexing
For eCCE based multiplexing, either TxD or OL-BF may be used.   To facilitate TxD, an eCCE should consist of adjacent REs in a PRB pair as shown in Figure 3.  The DMRS ports in a PRB pair are shared by all the eCCEs in the PRB pair and may be either precoded with known precoders or not -precoded. The same SCID =0 may be used for all the DMRS ports and different 
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may be used in different TPs.
In case of OL-BF, the same DMRS port assignment options discussed for localized transmission could be used and the same precoding could be applied to both DMRS port and its associated eCCE.  This has the benefit that there is no need to signal the DMRS ports. In addition, only a single set of DMRS sequence configuration is needed. .
Observations:

· DMRS without precoding may be used for E-PDCCH transmission with TxD 

· REG definition in OFDM symbols with CSI-RS transmission may be a challenge.  eCCE based TxD or OL-BF may be used instead to simplify the operation. 
5. Conclusions

In this contribution, implicit DMRS port assignment for E-PDCCH transmission as well as support of MU-MIMO and SU-MIMO transmission of E-PDCCH are discussed.  The following proposals can be drawn from the observations: 
Proposals:
· Implicit  DMRS port assignment   may be considered at least  for localized E-PDCCH transmission  without the need of explicit DMRS port signalling
· MU-MIMO transmission for E-PDCCH can be supported  f with orthogonal DMRS ports and/or different DMRS sequences
· SU-MIMO transmission for E-PDCCH can be supported  with orthogonal DMRS ports,
· UE specific DMRS sequence may be used  with UE specific configuration of variable 
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 and SCID 

· The same value of 
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and the same or different SCID may be configured for UEs served by the same TP

· Different values of 
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and/or SCID may be configured for UEs served by different TPs

· For distributed transmission of E-PDCCH
· For CCE based E-PDCCH transmission,  REG definition in OFDM symbols with CSI-RS transmission needs further study 
· eCCE based E-PDCCH transmission with TxD or OL-BF could be considered 
· DMRS without precoding may be used for E-PDCCH transmission with TxD 
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