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1. Introduction

We are under the discussion to define ePDCCH transmission or ePDCCH reception process including ePDCCH demodulation RS structure or ePDCCH blind detection complexity, and in RAN1 #67 meeting, to achieve frequency selective gain or frequency diversity gain, we agreed that either localized or distributed transmission would be supported for ePDCCH. And according to the latest working assumption, in either transmission scheme, DM RS would be used for ePDCCH channel estimation and demodulation

Agreement from RAN1#67:

· Both localized and distributed transmission of the enhanced control channel are supported

· At least for localized 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.
On the other hand, it is agreed as working assumption that ePDCCH multiplexing would be supported within each PRB pair.
Proposed agreement for further discussion overnight: 

· PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe uses FDM

· A PRB pair may contain parts of different ePDCCHs to different UEs

· Working assumption that there is no multiplexing of PDSCH and ePDCCH within a PRB pair; if there is any multiplexing of PDSCH and ePDCCH within a PRB pair it would be by FDM

· How to multiplex ePDCCHs within a PRB pair is FFS

According to the recent agreements, DM RS of ePDCCH should be designed to support ePDCCH multiplexing for either localized or distributed transmission, and it should be designed to provide sufficient channel estimation accuracy for ePDCCH demodulation. In this contribution, we discuss the ePDCCH DM RS structure and resource allocation scheme.
2. ePDCCH base unit 
It is agreed that each ePDCCH should be mapped to both PRB on each subframe, and the base unit of ePDCCH could be a PRB pair or less than one PRB pair. Considering distributed ePDCCH transmission, since each ePDCCH should be mapped on multiple PRB pairs, to support small size ePDCCH format, we need to define a small ePDCCH base unit which is smaller than one PRB pair. Figure 1 shows an example of distributed ePDCCH transmission where each ePDCCH mapped on part of each PRB pair. For the distributed transmission, since ePDCCH (UE) specific precoding would not be used, multiple ePDCCH can share the same DM RS resource to achieve accurate channel estimation. 
 While the small ePDCCH base unit would be essential for distributed ePDCCH transmission, the necessity of small base unit for localized ePDCCH transmission would not be obvious. However, the gain of supporting small base unit for localized ePDCCH transmission would be obvious. First, we can define the base unit common for both transmission scheme, and by defining small base unit, network would achieve flexible and high resolution FDM management. Figure 2 shows an example of localized ePDCCH transmission where 1/2 or 1/3 PRB pair is used for ePDCCH transmission. To support FDM, part of DM RS resource defined in one PRB pair is used for ePDCCH demodulation. When the base unit is 1/2 PRB pair, 8 REs are used for DM RS transmission, and port {7, 8} can be used at the upper part of PRB pair, or port {9, 10} can be used at the lower part of PRB pair. When the base unit is 1/3 PRB pair, 4 REs can be used for DM RS transmission. 
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Figure 1. DM RS REs and port allocation for FDM based ePDCCH distributed transmission
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Figure 2. ePDCCH and DM RS resource mapping on 1/2 or 1/3 of PRB pair

Proposal 1: A base unit less than one PRB pair would be essential to support small ePDCCH format at distributed transmission, and it would be also beneficial for localized transmission.

3. DM RS resource/port mapping for ePDCCH
In case of distributed transmission, as discussed in the previous section, ePDCCH(UE) specific precoding would not be used and DM RS should be sharing among the multiple UEs. Thus, bundle of DM RS REs can be used for channel estimation, and the channel estimation accuracy would not be decreased even when the base unit of ePDCCH allocation is small. But in case of localized transmission, as shown in figure 2, due to the FDM of ePDCCH and DM RS, the amount of DM RS REs can be used of small ePDCCH format could be smaller than the least REs used for Rel-10 DM RS, and it would cause the degradation at channel estimation accuracy. Table 1 shows a required SINR for the demodulation of the smallest ePDCCH format according to the size of ePDCCH (DM RS) base unit. 

To avoid the drawbacks caused by the degradation of channel estimation accuracy, we can increase the amount of DM RS REs on the smallest ePDCCH format in two different ways. As a first alternative, we cand modify DM RS port to RE mapping rules so that each DM RS ports to be mapped on the adjacent REs. For example, as shown in figure 3 a), 12 adjacent DM RS REs on the upper part of RB can be used for the mapping of one DM RS port, or the adjacent 8 DM RS REs can be used for the transmission of one DM RS port, as shown in firure 3 b). 
In the other way, the amount of DM RS REs used for the demodulation of each ePDCCH could be increase by reuse of the current DM RS port to REs mapping rules. In this scheme, though the mapping of ePDCCH would be different with the mapping of current PDSCH, the mapping rule of corresponding DM RS would be the same, and as a results, multiple ePDCCH would share DM RS REs via different DM RS ports or scrambling sequence. Figure 4 shows an example of DM RS RE sharing between two ePDCCHs where different DM RS ports are used for each ePDCCH. In figure 4, while FDM is used for ePDCCH within one PRB pair, as Rel-10 DM RS, either FDM (different CDM group) or CDM (different port in the same CDM group) can be used for DM RS, and all the DM RS REs defined in one PRB pair would be used for the demodulation of each ePDCCH. As a result, ePDCCH can have the same channel estimation accuracy with PDSCH which has the same bandwidth.

Proposal 2: If the multiplexing of localized ePDCCHs is supported within one PRB pair, DM RS REs should be shared and the current DM RS port to REs mapping rules are reused.
Table 1. Required SINR for the reception of smallest ePDCCH format in Gaussian channel.
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Figure 3. Example of new DM RS port mapping rule for ePDCCH
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Figure 4. DM RS REs sharing for FDM based ePDCCH localized transmission

4. DM RS port/sequence allocation
For the reception of ePDCCH DM RS, UE should be able to recognize DM RS port and SCID, if scrambling is used, and either DM RS port or SCID would be 
1. Blindly detected at UE side and dynamic port/SCID allocation should be supported.
2. Semi-persistently determined and would be signaled by high layer.
Alternative 1 would definitely increase the blind detection complexity and would raise the processing delay of ePDCCH reception. It would increase PDSCH decoding delay, and not to trigger any additional specification work, the specification impact of alternative 1 should be clearly confirmed, if we want to discuss it.
In the alternative 2, DM RS ports are predetermined for each UE, and UE would perform channel demodulation without any blind detection process. However, as shown in figure 1 or 4, if DM RS or DM RS REs are shared among multiple ePDCCHs, the UE pairing for ePDCCH multiplexing would be related with the predetermined DM RS ports of each UE and ePDCCH transmission scheme. For example, the UEs configured to use the same DM RS port could receive ePDCCH via the same PRB pair only when the ePDCCH are delivered by distributed transmission, or the UEs using different DM RS ports can be paired to receive ePDCCH at the same PRB pair only when the ePDCCH are transmitted in localized mode. If the limitation is revealed to cause a serious drawback, we would need to define multiple DM RS ports for each UE where the UE would expect to received ePDCCH DM RS via different port according to the transmission mode or other features as search space etc. 
5. Conclusion
In this contribution, we discuss the base unit size of ePDCCH. Either for the distributed transmission or localized transmission, base unit less than one PRB pair would show some beneficial. To support ePDCCH transmission via a band less than one PRB pair, channel demodulation accuracy should be guaranteed, and DM RS REs/port sharing would increase channel estimation accuracy. For the DM RS REs sharing, localized ePDCCH within the same PRB pair should have different DM RS ports, or distributed ePDCCH within the same PRB pair should have the same DM RS ports. 
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