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1. Introduction

At the RAN WG1 #67 meeting, the transmission scheme for the E-PDCCH was discussed and the following agreement regarding the UE-specific demodulation reference signal (DM-RS) was reached based on [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.

The issue regarding the DM-RS is the usage of antenna ports 7-10 for each mapping scheme using multiple antennas, etc. In this contribution, we present our views on the DM-RS antenna port association for the transmission scheme. Particularly, the usage of the DM-RS antenna ports for the transmit diversity (TxD) scheme is further investigated based on the link-level simulations. In our companion document [2], we present details regarding the mapping scheme for the E-PDCCH that supports localized mapping and distributed mapping. 
2. DM-RS Antenna Port Association
For the transmission scheme for the E-PDCCH using multiple transmitter antennas, two types of schemes are considered. One is a transmit diversity scheme and the other is beam-forming based on the UE-specific precoding weight.

2.1
DM-RS antenna port for TxD
For transmit diversity scheme, as described in [2], the number of DM-RS antenna ports used for E-PDCCH with transmit diversity depends on the number of the transmitter antennas since the DM-RS is not precoded and the same DM-RS antenna ports can be shared among multiple UEs within the same PRB-pair. The following cases are considered for transmit diversity.
· 2-branch TxD using 2 DM-RS antenna ports

· 4-branch TxD using 4 DM-RS antenna ports

The total transmission power over all the transmitter antennas should be kept the same as a single antenna transmission case. Therefore, the transmission power per transmitter antenna for both the E-PDCCH and DM-RS becomes 1/Nt, where Nt is the number of transmitter antennas. For the DM-RS, however, the power boosting of 3 dB can be applied due to frequency division multiplexing (FDM), and hence the transmission power of 2/Nt is allocated to each DM-RS antenna port. For the case of 2-branch TxD, DM-RS antenna ports 7 and 9 are employed in order to utilize fully the power boosting and improve the accuracy of the channel estimation. Power allocation for the DM-RS and DCIs are shown in Fig. 1. The simulation conditions are given in Table I in the Annex. In order to investigate the maximum number of DM-RS antenna ports and the optimum antenna association for TxD, the block error rate (BLER) performance for 2-branch TxD and 4-branch TxD is evaluated in Fig. 2. We apply the distributed mapping for the E-PDCCH based on the enhanced control channel element (eCCE) described in [2]. For the transmit diversity scheme, large delay cyclic delay diversity (CDD) is applied. We assume 2, 4, 8, and 16 eCCEs, which corresponds to approximately 60, 120, 240, and 480 REs for the E-PDCCH. The spatial channel model extension (SCM-E) is assumed as the channel model. Higher order diversity can be achieved for 4-branch TxD compared to 2-branch TxD. However, 2-branch TxD provides better BLER performance than 4-branch TxD since a more accurate channel estimate per DM-RS antenna port is obtained for 2-branch TxD. Based on this observation, 2-branch TxD is considered to be more appropriate for the E-PDCCH given that FDM is applied to utilize the power boosting for the DM-RS. 
Proposal 1: For the transmit diversity scheme for the E-PDCCH, the same DM-RS antenna ports are shared by multiple UEs within the same PRB-pair.

Proposal 2: The 2-branch transmit diversity scheme should be baseline for the E-PDCCH.

Proposal 3: For the 2-branch transmit diversity scheme, DM-RS antenna ports 7 and 9 are used with FDM in order to improve the accuracy of the channel estimation.
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Figure 1 – Transmission power allocated to DM-RS and DCIs for TxD.
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Figure 2 – BLER performance.
2.2
DM-RS antenna port for beam-forming
If the UE-specific beam-forming is applied to the DCI of each UE, multiple DM-RS antenna ports are required depending on how many DCIs are mapped within the same PRB pair. For example, if four DCIs are to be multiplexed as indicated in [2], four independent DM-RS antenna ports must be reserved. Therefore, the transmission power of each DM-RS is dependent on the number of UEs, NUE, assigned within a PRB pair and is reduced by 2/NUE (the power boosting of 3 dB can be applied due to FDM) as shown in Fig. 3. The channel estimation accuracy degrades as the number of UEs within a PRB pair increases. Furthermore, when multi-user spatial multiplexing is employed, more DM-RS antenna ports are necessary in proportion to the number of spatially multiplexed UEs. 
Proposal 4: For the beam-forming scheme, when multiple DCIs or multiple resources are supported in a PRB pair, usage of multiple DM-RS antenna ports should be carefully investigated considering the power allocation to the DM-RS antenna ports. 
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Figure 3 – Transmission power allocation to DM-RS and DCIs for beam-forming (2 branches)

3. Conclusion

In this contribution, we described our views on the DM-RS antenna port association with the transmission scheme. We propose the following.
For TxD:
Proposal 1: For the transmit diversity scheme for the E-PDCCH, the same DM-RS antenna ports are shared by multiple UEs within the same PRB-pair.

Proposal 2: The 2-branch transmit diversity scheme should be baseline for the E-PDCCH.

Proposal 3: For the 2-branch transmit diversity scheme, DM-RS antenna ports 7 and 9 are used with FDM in order to improve the accuracy of the channel estimation.
For beam-forming:

Proposal 4: For the beam-forming scheme, when multiple DCIs or multiple resources are supported in a PRB pair, usage of multiple DM-RS antenna ports should be carefully investigated considering the power allocation to the DM-RS antenna ports.
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Annex

Table I – Simulation conditions

[image: image4.emf]System bandwidth 10 MHz (50 RBs)

Number of sub-carriers 600

Number of OFDM symbols for PDCCH 2

Transmitter / Receiver antenna configuration 4 x 2 (TM9: closed-loop MIMO)

DCI format DCI format 2C

Number of bits for DCI 42 bits

Aggregation level for PDCCH 1, 2, 4, and 8 CCEs

Aggregation level for PDCCH 2, 4, 8, and 16 eCCEs

Number of PRBs for E-PDCCH 4 PRBs

Power boosting for PDCCH/E-PDCCH Not applied

FFT timing detection Ideal

Channel estimation Practical

Path model SCM-E
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