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1. Introduction 
In RAN1#69, the following agreements were reached on DMRS port allocation for ePDCCH [1]:
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. 

In this contribution, we provide our views on how to assign DMRS port to an E-PDCCH candidate using a combination of resource based allocation and UE specific configuration.  
2. DMRS port association in localized allocation 
In RAN 1#69, it was agreed that each eCCE is associated by specification with one DMRS port. It was also agreed that in case an ePDCCH uses multiple eCCEs (i.e. aggregation level (AL) greater than one) in a PRB pair, one DMRS port per PRB pair is selected among the associated DMRS ports.   The remaining question is then which of the associated DMRS ports should be selected for the ePDCCH. 
As  maximum four DMRS ports can be used for ePDCCH demodulation,  if orthogonal DMRS ports are assigned to each UE paired in MU-MIMO transmission,  up to two UEs can be paired in the same eCCEs in case of AL=  2, and up to four UEs can be paired  in case of AL= 4 or 8.  However considering the SINR is rarely sufficient to support high MU-MIMO layers while satisfying the ePDCCH performance requirement, four-UE MU-MIMO seems to be unpractical. Thus in the following we discuss antenna port (AP) selection for ePDCCH,  at most 2 UEs are assumed to be  multiplexed over the same eCCEs  ( Note that DMRS port is equivalently used as AP in this contribution.) 
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Figure 1: Examples of  AP  allocation at different aggregation levels
Figure 1 shows some examples of AP  allocation for ePDCCH with different ALs, here 4 eCCEs per PRB pair is assumed under normal CP.  To facilitate the MU-MIMO transmission, in additional to the implicit association between eCCE index and AP, for AL>1, the AP  port allocation can be based on some UE specific configurations.   For example, let 
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.  The eCCE index within a PRB pair used for associating a AP  to the ePDCCH can be determined as follows:
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Where  
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 is the number of eCCEs per PRB pair (e.g. 
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 is for normal CP) and Z is a parameter depending on some UE specific configurations.    This assumes that for AL=4 or 8, only DMRS port 7 or port 8 is allocated.  There can be two options for defining
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. One option is to simply link it to a UE’s ID, i.e.  
Option 1:  
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is the UE ID, i.e. C-RNTI
Option 1 provides a simple mapping based on a UE’s C-RNTI and no additional signaling is required.  For a given aggregation level greater than one, the UEs are effectively divided into two groups based on  eq.(1), where UEs with even-valued C-RNTI uses AP associated with one eCCE , the UEs with odd-valued C-RNTI uses AP associated with a different eCCE.  Thus only UEs in different groups could be paired for MU-MIMO for ePDCCH. Since C-RNTI is assigned to a UE during the initial access when  eNB does not know much about the UE ,  two UEs suitable for MU-MIMO may belong to the same group and thus will never be able to be paired for MU-MIMO.  Therefore, this option is inflexible for MU-MIMO pairing purpose. 

Observation:  C-RNTI only based AP  association is inflexible for MU-MIMO pairing.
To provide more flexibility for MU-MIMO pairing, another option is to make the AP  association varying from subframe to subframe, i.e.
Option 2:  
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 is a function of  both the UE ID and the DL subframe index k carrying the ePDCCH. 

With this option, the idea is to prevent two UEs being stuck in the same group all the time.  The design of 
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 can be borrowed  from the Rel-8 search space design, where a pseudo number, 
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, is generated from a UE’s RNTI and subframe index, i.e. 
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.  Unlike in the PDSCH case, for E-PDCCH, two UEs can be paired for MU-MIMO only if their search spaces overlap in a subframe. So it makes sense to associate different DMRS ports to UEs with overlapping search spaces. Although search space design for ePDCCH is still under discussion, it is envisioned that some kind of randomization is required to allow a UE’s ePDCCH to be allocated in different part of an ePDCCH region for both frequency selective scheduling and ePDCCH multiplexing efficiency.  It would be beneficial to have a common parameter for both AP  association and search space allocation.  In that respect, 
[image: image18.wmf]k

Y

 seems to a good candidate . It would be possible to allocate different AP  to UEs with overlapping search spaces for potential MU-MIMO pairing in a subframe.  

An example is shown in Figure 2, where four VRB pairs are allocated for E-PDCCH transmission and four eCCEs per PRB is assumed.  Rel-8 type of search space is assumed for ePDCCH with search space size of {6, 2, 2} for aggregation level {2, 4, 8}, respectively. For aggregation level one, different DMRS ports are allocated to E-PDCCHs over different eCCEs in a VRB pair, where the port-eCCE association is to be defined by specification. In the figure, the example assumes that eCCE#i is associated with port index (7+ i mod4). For each aggregation level, the search spaces for a UE with different
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 are highlighted with different colors.
For aggregation level two, one of two sets of DMRS ports, i.e. {7, 9} and {8, 10}  is associated to a UE depending on 
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, which also determines the start of the search space. So UEs with adjacent 
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numbers are associated with different DMRS ports (for example, the rows with 
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=0 and 
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=1 shown in Figure 1). One of the two DMRS ports within each set is then determined by the pair of eCCEs occupied.  

Similarly, for aggregation levels 4 and 8, one of the two DMRS ports {7, 8} is allocated depending on the
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 value.  Note that UEs with adjacent 
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numbers are allocated with orthogonal DMRS ports.
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Figure 2: An example of search space and DMRS port association for E-PDCCHs at different aggregation levels 
It could also be noted  that for  AL = 2 or 8, UEs with 
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have the same DMRS ports on the overlapping  eCCEs based on the port assignment rule, which means they could not be paired for MU-MIMO transmission with orthogonal DMRS ports for the current subfame. But since 
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changes from subframe to subframe for the  UEs,  the DMRS port  allocation for these two UEs will be different in some other subframes which would allow them to be assigned with orthogonal DMRS port  for MU-MIMO transmission in those subframes.
Observation:  DMRS association based on both C-RNTI and subframe number provides better flexibility in UE pairing for MU-MIMO 
The same approach is also applicable to the case of extended CP where two DMRS ports are available and two eCCEs per PRB pair can be used.  Since the eCCE size in this case will be larger than that in the normal CP case, the maximum aggregation level may be limited to four. 

3. Conclusions

In this contribution, two implicit DMRS port association options for E-PDCCH are discussed under localized allocation.  The following proposal can be drawn from the discussions: 
Proposals:
· For aggregation level greater than one, DMRS port association  to an  E-PDCCH should be determined by a combination of the E-PDCCH resource, a UE’s RNTI and the subframe index
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