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Discussion and Decision

1. Introduction

Considering the reference signal design for enhanced PDCCH (E-PDCCH), agreement and working assumption are made in RAN1#67 as follows:
Agreement from RAN1#67:

· 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 from RAN1#67:

· There are no cases where CRS is used for demodulation of the enhanced control channel.
It is noted that the usage of CRS as the demodulation reference signal is precluded. Nevertheless, details on the DMRS usage for E-PDCCH remain unclear. This issue is also related to the E-PDCCH transmission schemes and the structure of multiplexing of different DCI messages. In this contribution, we discuss on the possible DMRS usage for E-PDCCH based on the above agreement and working assumption.
2. Discussion 
From the agreement in RAN1 #67, it is agreed that both localised and distributed transmission of E-PDCCH should be supported. Therefore, the corresponding DMRS usage should be defined. It is widely discussed previously by some companies [1-3] that shared DMRS is suitable for distributed scheme while UE-specific DMRS is appropriate for localised scheme. As a result, UE should have the ability to distinguish which RS to use. On the other hand, if spatial multiplexing which allows more than one MIMO layer is supported for E-PDCCH, the number of used antenna ports should also be known by UE. These issues make it challenging to ensure the robust operation of E-PDCCH. In this contribution, we discuss the corresponding issues for reference signal design on partition of antenna ports, assigining DMRS configuration, transmission schemes and scrambling sequences.
Partition of antenna ports
There is still no aggrement on both the mulplexing between PDSCH and E-PDCCH and the multiplexing of different DCI messages. At this point it is not clear whether the antenna port 7-10 should be partitioned into groups for different usage. If PDSCH and E-PDCCH are allowed to be multiplexed in a PRB pair, the antenna ports should be shared among both data channel and control channel. On the other hand, there can be situations like DCIs for different UE are multiplexed in a PRB pair or localised scheme and distributed scheme are multiplexed in a PRB pair. In conclusion, the partition of antenna ports is not clear at this stage until other corresponding issues are clarified. However, we believe that the DMRS ports should be partitioned into groups for different usage.
Proposal 1: The DMRS ports should be partitioned into groups for different usage.

Assigning DMRS configuration
In rel. 10, the DMRS ports and scrambling ID for the PDSCH are indicated in the corresponding DCI [4]. For E-PDCCH, it is nearly impossible to allocate DMRS configuration in the same way due to lack of legacy PDCCH capacity. As discussed above, method of assigning DMRS configuration should be designed. It seems that there are two possible solutions. One is to indicate it via higher layer signalling while the other is using blind decoding.

The tradeoff between these two solutions is analyzed as follows. The biggest problem of using higher layer signalling is its inability to match the fast-varying channel condition. It is noted that the channel between UE and eNB is considered more variable compared to the relay-eNB channel. However, higher layer signalling reduces the time of blind decoding for E-PDCCH which is regarded as an important issue. Oppositely, blind decoding DMRS configuration can match the instantaneous channel with the appropriate transmission scheme easily but consumes a lot of time if there are too many candidate transmission schemes.
We believe that no matter which method is to be used, the number of candidate transmission schemes should be limited. For higher layer signalling, the instantaneous channel condition cannot be matched and there is no need to support so many transmission schemes. For blind decoding, decoding time is based on the number of supported candidate schemes.
Proposal 2: Whether to using higher layer signaling for DMRS configuration is FFS.
Proposal 3: The number of supported transmission schemes should be limited.
Transmission Schemes
From the above discussion, it is noted that the number of candidate transmission schemes is an important issue. Several candicates for both distributed scheme and localised scheme are analyzed in [6]. It is also noted that the number of DCI for different UE in a RB can be more than one and the reliability for MU-MIMO (except for geographically separated antennas which want to utilize area splitting gain like CoMP scenario 4) is questionable. To save the resource usage for DMRS port and assure the reliability for control channel, we believe that single-port or restricted MIMO (on layer number) transmission scheme for both distributed scheme and localised scheme are prefered.
Proposal 4: Single-port or restricted (on layer number) MIMO transmission scheme for both distributed scheme and localised scheme are prefered.

Scrambling Sequence
To enjoy the area splitting gain for CoMP scenario 4, DMRS enhancement is widely discussed. MU-MIMO with quasi-orthogonal DMRS with UE-specific srambling is allowed. For E-PDCCH is transmitted in the PDSCH region, it is intuitive to reuse the design for E-PDCCH. However, DMRS with cell-specific scrambling should be remained by any means to deal with the distributed scheme. To sum up, we believe that using DMRS with UE-specific scrambling for localised scheme while using DMRS with cell-specific scrambling for distributed scheme would be a good solution for E-PDCCH.
Proposal 5: Using DMRS with UE-specific scrambling for localised scheme while using DMRS with cell-specific scrambling for distributed scheme.

3. Conclusions

In this contribution, the reference signals for E-PDCCH are discussed and we propose to:
Proposal 1: The DMRS ports should be partitioned into groups for different usage.

Proposal 2: Whether to using higher layer signaling for DMRS configuration is FFS.

Proposal 3: The number of supported transmission schemes should be limited.
Proposal 4: Single-port or restricted (on layer number) MIMO transmission scheme for both distributed scheme and localised scheme are prefered.
Proposal 5: Using DMRS with UE-specific scrambling for localised scheme while using DMRS with cell-specific scrambling for distributed scheme.
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