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1. Introduction
At the RAN WG1 #67 meeting, the issues regarding the demodulation reference signal (DM-RS) used for ePDCCH detection were discussed and the following guidelines for study were established. 

· Support of 2-layer SU-MIMO?

· How to determine AP(s) to use for ePDCCH detection

· How to determine scrambling sequence for ePDCCH detection

· How to determine the number of AP for ePDCCH

· If and how to support spatial diversity for distributed transmission

· If and how to use ePDCCH signature for ePDCCH detection

In this contribution, we focus on the usage of DM-RS antenna ports (APs) for each transmission scheme (fourth and fifth bullet points). The usage of DM-RS APs has an impact on the performance of each transmission scheme. More specifically, when a fixed precoding or a transmit diversity scheme is applied to multiple UEs, the DM-RS can be shared among those UEs. The performance of these transmission schemes may depend on how to use the DM-RS APs. Hence, we present our views on the usage of the DM-RS APs based on an evaluation of simulation results.
2. Usage of DM-RS Antenna Port
Usage of the DM-RS can be classified into two types. One is a UE-specific DM-RS and the other is a shared DM-RS as described below. 

2.1
Usage of UE-specific DM-RS
The UE-specific DM-RS is used when multiple DCIs of UEs are multiplexed within a physical resource block (PRB) pair and UE-specific beam-forming is applied to the DCI of each UE. Hence, multiple DM-RS APs are required depending on how many DCIs are mapped within the same PRB pair. The exact number of DM-RS APs needed is determined by the definition of the enhanced control channel element (eCCE) within a PRB pair and support of spatial multiplexing such as single-user and multi-user MIMO. Therefore, these issues should be first resolved to initiate discussion regarding the usage of the UE-specific DM-RS.
2.2
Usage of shared DM-RS
The shared DM-RS is used when a fixed precoding or transmit diversity scheme is applied to multiple UEs. In this case, as discussed in [1], a predetermined DM-RS AP(s) is used. In this contribution, we further clarify which DM-RS AP to use for each transmission scheme. The following three transmission schemes for the shared DM-RS are considered.
· Fixed PMI (1 DM-RS AP)
· A fixed single-layer PMI is used for all the UEs and all the PRB pairs.
· PRB-based cyclic PMI (1 DM-RS AP) 
· A single-layer PMI is cyclically chosen for different PRB pairs.
· Large delay cyclic delay diversity (CDD) (2 DM-RS APs) 
· Two DM-RS APs are assumed.
Here, a large delay CDD using four DM-RS APs is not considered since the performance using four DM-RS APs is worse than that using two DM-RS APs due to inaccurate channel estimation as shown in [2]. For one and two DM-RS APs cases, the following two usages for the shared DM-RS are considered as shown in Figs. 1 and 2.
· Option 1: 24 REs for DM-RS
· For a single DM-RS AP transmission, resource elements (REs) for DM-RS APs 9 and 10 are reserved and 3-dB power booting is applied to DM-RS AP 7. For two DM-RS AP transmission, APs 7 and 9 are used to perform 3-dB power boosting.  In this option, more accurate channel estimation is expected.
· Option 2: 12 REs for DM-RS
· REs for DM-RS APs 9 and 10 are not reserved and those are used for the ePDCCH transmission. Hence, AP 7 is employed for the single DM-RS AP transmission and AP 8 is further used for two DM-RS AP transmission. In this option, higher coding gain and more efficient resource utilization are expected.
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Figure 1 – Usage of DM-RS (1 DM-RS AP).
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Figure 2 – Usage of DM-RS (2 DM-RS APs).

The block error rate (BLER) performance of options 1 and 2 is evaluated for each transmission scheme. The simulation conditions are given in Table I in the Annex. We assume 2, 4, and 8 eCCEs aggregation levels, which corresponds to approximately 64, 128, and 256 REs when we assume 1 OFDM symbol for the legacy PDCCH, 16 REs for a 2-antenna CRS port, and option 2 (12 REs). For option 1 (24 REs), the number of REs for 2, 4, and 8 eCCEs reduces to 58, 112, and 228 REs, respectively. The set of PRBs used for distributed transmission comprise the 0th 16th, 32nd, and 48th PRBs. The payload size of the DCI is assumed to be 42 bits for 10 MHz. 
Figure 3(a) shows the BLER performance of options 1 and 2 when a fixed PMI is assumed as the transmission scheme, as a function of the average received Es/N0 where an Es/N0 loss of 0.58 dB caused by the increased overhead in option 1 is taken into account. We see that options 1 and 2 provide almost the same performance when 4 and 8 eCCEs are used. In option 1, accuracy of the channel estimate is improved by applying power boosting to the DM-RS, but a loss in the average received Es/N0 occurs. As a consequence, both options exhibit similar performance. However, option 2 yields better performance than that for option 1 when 2 eCCEs are chosen. In a high Es/N0 region, since an accurate channel estimate is obtained even for option 2, a higher coding gain is clearly obtained by option 2. Figure 3(b) shows the BLER performance of options 1 and 2 when a PRB-based cyclic PMI is applied. Overall, better performance is observed for the PRB-based cyclic PMI compared to the fixed PMI since a beam-forming gain may be obtained in some PRB pairs. Comparing the two options, a similar observation to the case of the fixed PMI is made. Based on these observations, we prefer option 2 when a single DM-RS AP transmission is applied.

Figure 3(c) shows the BLER performance when a large delay CDD is applied. In this transmission scheme, two DM-RS APs are necessary and the impact of the channel estimation on the performance becomes larger than the case of a single DM-RS AP. Therefore, option 1 exhibits better BLER performance than that for option 2 when 4 and 8 eCCEs are used. For 2 eCCEs, option 2 exhibits a slightly better performance than option 1. Based on this result, we need further investigation on whether 24 REs should be used for the transmit diversity scheme. 

[image: image3.emf]1.E-03

1.E-02

1.E-01

1.E+00

-8 -6 -4 -2 0 2 4 6

Average BLER

Average received  E

s

/N

0

(dB)

Option 1 (24 REs)

Option 2 (12 REs)

2 eCCEs

4 eCCEs

8 eCCEs

4x2 MIMO

SCM-E

 [image: image4.emf]1.E-03

1.E-02

1.E-01

1.E+00

-8 -6 -4 -2 0 2 4 6

Average BLER

Average received  E

s

/N

0

(dB)

Option 1 (24 REs)

Option 2 (12 REs)

2 eCCEs

4 eCCEs

8 eCCEs

4x2 MIMO

SCM-E


   (a) Fixed PMI                                           (b) PRB-based cyclic PMI
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(c) Large delay CDD

Figure 3 – BLER performance of options 1 and 2.
3. Conclusion

In this contribution, we presented the usage of both UE-specific and shared DM-RSs. We mainly discussed the usage of shared DM-RSs, i.e., 12 REs or 24 REs, for three transmission schemes. Based on the simulation results, we propose the following points.

Proposal
· When single DM-RS AP transmission, e.g., PRB-based cyclic PMI, is applied, 12 REs for the DM-RS and AP 7 should be used. 
· When 2 DM-RS AP transmission, e.g., large delay CDD, is applied, the need for 24 REs for the DM-RS should be investigated further.
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Annex

Table I – Simulation Conditions
[image: image6.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 E-PDCCH 2, 4, and 8 eCCEs

Number of PRBs for E-PDCCH 4 PRBs

FFT timing detection Ideal

Channel estimation Practical

Path model SCM-E
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