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1. Introduction

Inline with the agreements on E-PDCCH from RAN1 #67 and #68 meeting:

· Both localized and distributed transmission are supported

· At least for localized and distributed transmission not demodulated by CRS 

·  DMRS is used for demodulation

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

· At least for the 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
Further study on DMRS for E-PDCCH demodulation may include:

· How to determine AP(s) to use E-PDCCH detection

· How to determine scrambling sequence for E-PDCCH detection
· How to determine the number of APs for E-PDCCH

· If and how to support the spatial diversity for distributed transmission
· …
This contribution discusses the first three bullets listed above and gives our opinions on the related questions.
2.  On 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 been agreed.
The first bullet 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, the random precoding with single DMRS port is recommended for distributed E-PDCCH in open-loop transmission Therefore, it is appropriate that each E-PDCCH corresponds to one DMRS port, at least in each used PRB pair.
Proposal 1: Each E-PDCCH is associated with one DMRS port in any PRB pair used for its transmission.
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(s) is precoded in UE-specific manner and shared DMRS port means the DMRS port(s) 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. 
In distributed transmission of E-PDCCH, one PRB pair always contains multiple UEs’ E-PDCCH resources, so if dedicated DMRS port(s) is used to demodulate then there should be multiple dedicated DMRS port(s) within a PRB pair but for shared DMRS port(s) one shared DMRS port is sufficient.  Some pros and cons are discussed below on dedicated and shared DMRS port(s).
Dedicated DMRS port 

Pros：

· It is possible to reap close-loop precoding gain，especially in 8 Tx antennae scenario[2];
Cons

· Transmission power is shared among multiple DMRS ports which have significant impacts on channel estimation thus degrading link performance.
· From number of DMRS ports and resource mapping point of view, the resource utilization may not be efficient.
Shared DMRS port
Pros：

· No need to share transmission power among DMRS ports 
· From number of DMRS ports and resource mapping point of view, the resource utilization is efficient.
Cons
· In the scenarios where the eNB has reliable channel information, closed-loop precoding gain cannot be exploited, especially in 8 Tx antennae [2].
Proposal 2: If only open-loop transmission is supported for distributed E-PDCCH, the associated DMRS port is fixed.
Whether closed-loop precoding is supported or not for distributed E-PDCCH should be determined for further discussion on relationship between DMRS port and resource allocation.

Comparing with dynamic informing, higher layer configuration of DMRS port(s) is much simpler. The shortcoming is that the configuration is semi-static, while the scheduling of E-PDCCH is dependent on the channel conditions of all users which will change over the time. It is possible that the total resource is sufficient while the resource for a given DMRS port is exhausted. At eNB, the E-PDCCH of UEs configured with same DMRS port(s) can be scheduled in different PRB pairs or even different sub-frame which definitely cause some loss in channel information accuracy however most of the time the wideband channel information is utilized so the impact on system level will be marginal. And, on the other hand, eNB can utilize statistics of channel information while configuring DMRS port(s) for the UEs such that port(s) collision is minimized. 
In [3], it proposes that the UE knows which antenna ports to use for a given hypothesis of an E-PDCCH transmission based on the location of the E-PDCCH in the physical resource grid. Obviously, this method will constrict the use of MU transmission. And another problem is that it will increase the complexity of UE for blind detection of E-PDCCH, because maximum 4 times of channel estimation will be implemented for each PRB pair consider the DMRS ports 7~10.
Based on the above discussion, the question is complexity increase is at eNB or UE, from our point of view slight increase of complexity at eNB rather than at UE is a better solution, thus we propose: 
Proposal 3: DMRS port(s) used for E-PDCCH detection is configured by higher layer.
3. On determining scrambling sequence of DMRS
In RAN1#68 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. 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.
4. On determining the number of DMRS ports
The number of DMRS ports in each PRB pair over E-PDCCH field 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 5: 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.
5. Conclusions

In this contribution, we discuss three DMRS associated issues and suggest that:

Proposal 1: Each E-PDCCH is associated with one DMRS port in any PRB pair used for its transmission.
Proposal 2: If only open-loop transmission is supported for distributed E-PDCCH, the associated DMRS port is fixed.

Proposal 3: DMRS port(s) used for E-PDCCH detection is configured by higher layer.
Proposal 4: The scrambling sequence of DMRS for E-PDCCH is UE-specific and configured by higher layer.
Proposal 5: 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.

6. Reference
[1]. R1-121100, “Evaluation of DMRS Based Distributed Transmission for E-PDCCH,” CATT, Jeju, Korea, 26th – 30th March 2012.
[2]. R1-113744, “E-PDCCH Multiplexing and Link Level Evaluations,” CATT, San Francisco, USA, 14th – 18th November 2011.

[3]. R1-120076, “On Reference Signal Design for Enhanced Control Channels,” Ericsson, ST-Ericsson, Dresden, Germany, 6th-10th February 2012.[image: image1.png]


[image: image2.png]




































































































































































































































































































































































































































































































































































































































































































































