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1. Introduction

At the RAN WG1 #69 meeting, determination of the demodulation reference signal (DM-RS) antenna port (AP) used for ePDCCH detection was discussed based on the wayforwards [1] – [3]. The following agreement regarding localized allocation was reached.
· In localized allocation, each eCCE index is associated by specification with one antenna port 

· In case a DCI message uses multiple eCCEs in the PRB pair, one AP per PRB pair is selected among the associated APs and used for ePDCCH demodulation
· FFS whether the selection is according to the C-RNTI or another UE-specific configuration based rule.
· FFS whether a second AP with the same precoding as the one AP may be configured. 
· Working assumption that the association from eCCE index of different DCIs to AP is a one-to-one mapping for normal CP
· A many-to-one mapping can be considered further
· Consider both normal and extended CP

· Note that details are FFS for the case of only 2 ports being configured in the system

· Note that if it is agreed that the size of a group of REs for the spatial diversity scheme is smaller than a PRB pair, then the above is not applicable if the spatial diversity scheme is used. 

As indicated in the last sentence above, the issue is also related to design of spatial diversity such as the number of the DM-RS APs. With regard to spatial diversity, the following was agreed.
· The spatial diversity scheme for ePDCCH is implementation-dependent beamforming (subject to specifying which antenna port is applicable for each group of REs)

· UE may assume that the same precoding applies on all REs of one ePDCCH within one group of REs (1 <= one group of REs <= PRB pair, exact details FFS).

· One antenna port is identified to the UE as the phase reference for each group of REs

In this contribution, we first clarify the number of APs necessary for spatial diversity. Then, we present our views on the DM-RS AP association for spatial diversity. We also describe the DM-RS AP association for localized transmission.

2. DM-RS AP Association for Spatial Diversity 

As for the spatial diversity scheme, there are remaining issues regarding the number of DM-RS APs and the association of the AP with a resource element (RE) or a group of REs for the ePDCCH. To determine the AP association for spatial diversity, the number of required DM-RS APs should be first clarified. We compared the block error rate (BLER) performance for the single AP and dual APs in Fig. 1. The simulation conditions are given in Table I in the Annex. The payload size of the DCI is set to 42 bits and 27 bits assuming DCI format 2C and format 1A, respectively. We assume 1 OFDM symbol for the legacy PDCCH, and 16 REs for a 2-antenna CRS port. The set of PRBs used for distributed transmission comprise the 0th 16th, 32nd, and 48th PRBs. For the dual APs, DM-RS APs #7 and #9 are used. The mapping of an enhanced control channel element (eCCE) to enhanced resource element groups (eREGs) described in [4] is used for evaluation. Figures 1(a) and 1(b) show that there is no difference in the BLER performance between the single AP and dual APs when 2, 4, and 4 eCCEs are used. Although dual APs exhibit improved performance for 1 eCCE as shown in Fig. 1(b), the gain is marginal. 
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Figure 1 – Performance comparison between single AP and dual APs.

Based on the above observation, if the frequency diversity order of four is achieved, additional spatial diversity gain is not necessary. However, when less than four PRB pairs are to be supported for the distributed ePDCCH transmission, it is desired to support spatial diversity. To ensure always the diversity order of 4, the number of REs in a PRB pair to which the same precoding is applied should be 9 when the eCCE size is 36 REs. In this case, the number of eREGs within a PRB pair becomes 16. In this way, the diversity order of four is achieved by means of frequency diversity and spatial diversity.

Proposal 1: 

· If less than four PRB pairs are supported, the UE should assume that the same precoding applies to all REs of one ePDCCH within a group of 9 REs.

· DM-RS APs #7 and #9 should be alternately applied to different groups of 9 REs.

· If four or more PRB pairs are supported, the UE should assume that the same precoding applies to all REs of one ePDCCH within a PRB pair.

· DM-RS AP #7 should be used for all the PRB pairs configured for the ePDCCH transmission.
3. DM-RS AP Association for Localized Transmission 

According to the current agreement, four DM-RS APs are supported and the maximum of four eCCEs are to be specified within a PRB pair for localized transmission. Therefore, one-to-one association of the eCCE with the DM-RS AP is considered to be appropriate as shown in Fig. 2. One major concern was that the UE may need to perform channel estimation using all the DM-RS APs depending on the search space (SS) to be monitored. However, since each SS candidate is located over different PRB pairs, one or two SSs are located within a PRB pair and only one or two DM-RSs are to be monitored for channel estimation. Therefore, the complexity of the channel estimation is not an issue if the SS is properly designed for localized transmission.
When multiple eCCEs are used to convey one DCI, the DM-RS AP can be selected. There are two options: one is to use the C-RNTI and the other is to use higher-layer signaling. Although we do not see a significant difference, we have a slight preference for the C-RNTI approach.
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Figure 2 – AP association for localized transmission.
Proposal 2: In localized transmission, the group of eCCEs for each aggregation level should be associated with the DM-RS AP(s) that is (are) not used for any other eCCEs within the same PRB pair.
4. Conclusion

In this contribution, we described the association of the eCCE with the DM-RS AP for the spatial diversity and localized transmission. The following are our proposals in this contribution.
Proposal 1: 

· If less than four PRB pairs are supported, the UE should assume that the same precoding applies to all REs of one ePDCCH within a group of 9 REs.

· DM-RS APs #7 and #9 should be alternately applied to different groups of 9 REs.

· If four or more PRB pairs are supported, the UE should assume that the same precoding applies to all REs of one ePDCCH within a PRB pair.

· DM-RS AP#7 should be used for all the PRB pairs configured for the ePDCCH transmission.

Proposal 2: In localized transmission, the group of eCCEs for each aggregation level should be associated with the DM-RS AP(s) that is (are) not used for any other eCCEs within the same PRB pair.
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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 1

Transmitter / receiver antenna configuration 4 x 2 (TM9: Closed-loop MIMO)

DCI format DCI formats 1A and 2C

Aggregation level 1, 2, 4, and 8 CCEs

Number of PRBs for ePDCCH 4 PRBs

Number of REs for DM-RS 24 REs

FFT timing detection Ideal

Channel estimation Practical

Path model SCM-E
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