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1. Introduction

In RAN1#68bis meeting, some substantial issues associated with DMRS of E-PDCCH had been discussed and some agreements had been achieved:
· Rank-2 SU-MIMO is not supported for a single blind decoding attempt
· The same scrambling sequence generator is used for ePDCCH DM-RS as PDSCH DM-RS
· Work assumption:

· The scrambling sequence generator of DMRS for ePDCCH on ports 7~10 is initialized by
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-     Details of nSCID and X is FFS
· At least for localised transmission, the antenna port(s) for ePDCCH is/are determined by a combination of:

· implicit determination from the time-frequency locations of the REs used by the corresponding DCI message, and 

· a UE-specific configuration 

· FFS till RAN1#69 what the configuration comprises (e.g. RRC signalling, UE ID, etc)

· FFS till RAN1#69 whether this applies to distributed transmission
This contribution discusses DMRS associated issues in E-PDCCH and gives our proposals on the related questions.
2.  On determining DMRS port(s)
Though DMRS ports 7-10 have been agreed to be used for the demodulation of E-PDCCH, the solutions on how these DMRS ports are used, and how the UE knows which DMRS port to use when demodulating a certain control channel have not come to the final conclusions.
The first problem is closely associated with E-PDCCH transmission schemes. For localized transmission, single layer (i.e., rank 1) transmission is supported. And closed-loop precoding with single DMRS port is suitable since the credible CSI feedback from UE is always helpful to achieve beamforming gain. For distributed E-PDCCH, open loop transmission shall be supported when CSI is not known at eNB. In [1], DMRS based distributed transmission for E-PDCCH are evaluated and discussed. Based on performance evaluation and analysis, random precoding with single DMRS port is recommended for distributed E-PDCCH in open-loop transmission. Thus, it tends to be that single DMRS port for both localized and distributed E-PDCCH transmission is better.
Depending on whether UE-specific precoding is used or not, the DMRS ports can be separated into two categories: dedicated DMRS port and shared DMRS port. The dedicated DMRS port means the DMRS port is precoded in UE-specific manner and shared DMRS port means the DMRS port is precoded in open-loop manner, thus dedicated DMRS port can only be used for demodulation of single E-PDCCH targeting a given UE, while the shared DMRS port can be used for demodulation of a E-PDCCH transmitted to multiple users, or multiple E-PDCCH transmitted to different users. 
As discussed in [2], using dedicated DMRS port may lead to transmission power halving between CDM-based DMRS ports, it is reasonable to share common DMRS port among multiple distributed E-PDCCHs. While dedicated DMRS port is suitable for localized E-PDCCH transmission. However, whether UE-specific precoding is used or not is transparent to UE.
If each E-PDCCH corresponds to single DMRS port, then the second problem is how to inform which DMRS port is used for each E-PDCCH. As agreed in RAN1#68bis meeting, at least for localized transmission, the antenna port(s) for E-PDCCH is/are determined by a combination of implicit determination and UE-specific configuration and whether this applies to distributed transmission is FFS till RAN1#69.
For localized transmission, it has been agreed that DMRS port(s) is/are implicitly determined by  the time-frequency locations of the REs used by the corresponding DCI message in [3]. However, MU-MIMO with orthogonal DMRS ports cannot be supported because given RE only corresponds to single DMRS port. Comparing with MU-MIMO through different DMRS scrambling sequences, MU-MIMO with orthogonal DMRS ports avoids the interference among different reference signals thus it improves the spectral efficiency. One motivation to introduce E-PDCCH is to improve spectral efficiency, thereby dynamic switch between orthogonal DMRS ports based MU-MIMO transmission and SU-MIMO is also attractive for E-PDCCH transmission.
To support MU-MIMO with orthogonal DMRS ports, we propose a DMRS port determining method which is a combination of implicit determination and UE-specific configuration. Each PRB pair is separated into four enhanced CCEs (E-CCEs). It includes two associations between the E-CCEs and the DMRS ports with different order. For different association, a given E-PDCCH candidate corresponds to different DMRS ports. The DMRS ports in the second association are the ports which may not be used after allocation with the first association. It is UE-specific configurable to adopt the first association or two associations. For the UEs configured with only adopting the first association, only SU-MIMO or MU-MIMO with non-orthogonal RS is supported for their corresponding localized E-PDCCH transmission, while UE configured with two associations, dynamic switching between SU-MIMOand orthogonal DMRS ports based MU-MIMO is supported.
Figure 1 shows an example of two associations between the E-CCEs and the DMRS ports. DMRS port 8 or port 10 will be free if a PRB pair is allocated to a E-PDCCH with aggregation level 2 by the first association, therefore, they may be used by other E-PDCCH with aggregation level 1 or 2 for orthogonal DMRS ports based MU-MIMO transmission. For the same reason, port 9 may be used for MU-MIMO transmission with aggregation level 4.

[image: image2.emf]E-CCE 1

E-CCE 2

E-CCE 3

E-CCE 4

Port 7

Port 8

Port 9

Port 10

E-CCE 1

E-CCE 2

E-CCE 3

E-CCE 4

Port 7

Port 8

Port 9

Port 10

E-CCE 1

E-CCE 2

E-CCE 3

E-CCE 4

Port 7

Port 8

Port 9

Port 10

E-CCE 1

E-CCE 2

E-CCE 3

E-CCE 4

Port 7

Port 8

Port 9

Port 10

E-CCE 1

E-CCE 2

E-CCE 3

E-CCE 4

Port 7

Port 8

Port 9

Port 10

E-CCE 1

E-CCE 2

E-CCE 3

E-CCE 4

Port 7

Port 8

Port 9

Port 10

The first association The second association


Figure 1: Associations between the E-CCEs and the DMRS ports

Comparing with implicit determination method in [3] which only includes one order of association, the maximum number of blind detection may increase because two different DMRS ports correspond to the same E-PDCCH candidate, however, since the UE configured with two associations are always under good channel conditions, therefore, a subset constriction of E-PDCCH candidates can be used for those UEs to reduce the complexity of blind detection. For example, the candidates with higher aggregation level are not used for UEs which are configured with two associations. Obviously, rank 2 SU-MIMO for DCIs of downlink grant and uplink grant can be realized transparently based on two associations.
 Proposal 1: Multiple-order association between time-frequency locations and the DMRS ports is supported for orthogonal DMRS ports based MU-MIMO transmission of E-PDCCH.
For distributed transmission, considering the transmission power halving due to dedicated DMRS ports, shared DMRS port can be used for distributed E-PDCCH, and the same DMRS port is associated to all the distributed time-frequency locations. However, the common DMRS port for each cell (or transmission point) can be configurable to avoid interference among neighbor cells.
Proposal 2: If only open-loop transmission is supported for distributed E-PDCCH, the same DMRS port is associated to by all distributed E-PDCCH frequency-time allocations, and this port is cell-specific (or TP-specific) configuration.
3. On determining the number of DMRS ports
The number of DMRS ports configured in each PRB pair is needed for UE to determine the DMRS RE overhead or the ratio of E-PDCCH EPRE to DMRS EPRE if high order modulation is employed for E-PDCCH transmission. Because multiple DCI massages may be multiplexed is a PRB pair, while UE only knows the DMRS port(s) information associated with itself. This information can be separated into two parts: the information that the number of DMRS ports is 1~2 or 3~4 to determine the DMRS RE overhead, and the information about ratio of E-PDCCH EPRE to DMRS EPRE for high order modulation.
From the simulation in [1], it is observed that halving DMRS power leads to significant performance loss for both closed-loop and open-loop transmission. Therefore, when dedicated DMRS port is used, it is advisable to reserve 24 DMRS REs in a PRB pair to allow two E-PDCCH to share the resources with full power DMRS. And when only shared DMRS port(s) is used in a PRB pair, the number of DMRS REs depends on which open-loop scheme is adopted.
Proposal 3: The number of DMRS REs reserved for the purpose of E-PDCCH-to-RE mapping is configured by higher layers, i.e. either 12 or 24 REs reserved per PRB pair.
4. On determining scrambling sequence of DMRS

In RAN1#68bis meeting, the working assumption on DMRS sequence in Rel-11 DL-CoMP was agreed. Configurable UE-specific scrambling sequence of DMRS is supported, and the target of harmonization with E-PDCCH is FFS. In RAN1#69 meeting, the work assumptions in RAN1#68bis had been confirmed that:

· Two candidate values of X are configured: x(0) and x(1)
· nSCID  is reused for dynamic selection of x(0) or x(1) only for rank 1 and 2
· Note that nSCID equals to 0 for the rank larger than 2
· Further study is not precluded for the optimization for the higher rank
· Further study is not precluded for the dynamic selection of x(0) or x(1)
· Further study is not precluded for the dynamic switching or semi-static switching of subframe offset (ns)
UE-specific scrambling makes cell splitting of the PDSCH transmission possible in CoMP Scenario 4. It is also desirable to use the same functionality to achieve same cell splitting gains and MU-MIMO operation with non-orthogonal DMRS for E-PDCCH transmission. Considering there is no much requirement of dynamic changing DMRS scrambling sequence of DMRS of E-PDCCH, higher layer configuration of scrambling sequence of DMRS is suitable.
Proposal 4: The scrambling sequence of DMRS for E-PDCCH is UE- specific and configured by higher layer.

5. Conclusions

In this contribution, we discuss three DMRS associated issues with the following proposals:

Proposal 1: Multiple-order association between time-frequency locations and the DMRS ports is supported for orthogonal DMRS ports based MU-MIMO transmission of E-PDCCH.
Proposal 2: If only open-loop transmission is supported for distributed E-PDCCH, the same DMRS port is associated to by all distributed E-PDCCH frequency-time allocations, and this port is cell-specific (or TP-specific) configuration.
Proposal 3: The number of DMRS REs reserved for the purpose of E-PDCCH-to-RE mapping is configured by higher layers, i.e. either 12 or 24 REs reserved per PRB pair.
Proposal 4: The scrambling sequence of DMRS for E-PDCCH is UE-specific and configured by higher layer.
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