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Discussion/Decision
1
Introduction
In RAN1 #67 meeting, there was a noticeable progress on reference signal for ePDCCH such that the reuse of Rel-10 DM-RS ports was agreed. In addition, it was also agreed that two different types of ePDCCH transmission will be introduced for ePDCCH transmission such as localized and distributed transmissions to exploit frequency selective scheduling and/or diversity gains. The followings are the agreements captured in RAN1 chairman’s note [1]:

Agreements:

· 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

In this contribution, we discuss on the use of Rel-10 DM-RS ports for ePDCCH transmission for further progress and details of ePDCCH reference signal and investigate the performance of PRB bundling in link-level.
2
Reference Signals for ePDCCH
DM-RS Port Allocation
It has been agreed to introduce both localized and distributed transmission for ePDCCH in order to achieve frequency selective scheduling gain or frequency diversity gain according to the channel condition of the UE. In general, a localized transmission is beneficial if the CSI for a specific UE is available at the eNB transmitter so that eNB may schedule the UE in the best frequency band providing highest SINR and apply an appropriate beamforming to further increase SINR. As for the DM-RS ports, it was agreed that up to 4 DM-RS ports (i.e., antenna ports 7-10) can be used for ePDCCH design. Since the DM-RS ports are mutually orthogonal in time/frequency and code domains, beams can be formed without concerning of the co-channel interference at the eNB scheduler unlike PDSCH multi-user scheduling assuming that the ePDCCHs for different UEs are not multiplexed in spatial domain. In other words, at least 4 UEs’ ePDCCH can be multiplexed with different beams in a PRB-pair without any loss of UE-specific beamforming gain and the channel estimation performance could be kept irrespective of the co-scheduled beams. Assuming that spatial multiplexing is not used for ePDCCH transmission and UE-specific beamforming can be used up to 4 UEs in a PRB-pair, it seems to be natural a single DM-RS port is only allocated for a specific UE when the UE is configured with localized transmission in order to avoid unnecessary UE receiver complexity for estimating multiple DM-RS in its demodulation process.

Proposal 1: a single DM-RS port needs to be used in localized transmission at least in a PRB-pair.

The ePDCCH distributed transmission is targeted to achieve frequency diversity gain for a UE without any valid CSI at the eNB scheduler. To achieve frequency diversity gain, a smaller ePDCCH resource unit than CCE can be defined as similar with REG in legacy PDCCH and the multiple smaller resource units which form a CCE can be distributed over system bandwidth, for instance. The similar design principles of legacy PDCCH can be reused as much as possible for distributed allocation although the frequency resources could be limited to a subset of PRBs. Since a single beam transmission without CSI at eNB transmitter may result in transmitting signal into the null space for a specific UE, the use of multiple random beams for an ePDCCH seems to be a proper choice for the ePDCCH distributed transmission. The larger number of random beam for an ePDCCH transmission would provide the higher diversity gain although it increases channel estimation complexity slightly more. Therefore, the multiple DM-RS ports need to be allowed for ePDCCH distributed allocation even in a PRB-pair. 
Proposal 2: multiple DM-RS port can be used for ePDCCH distributed transmission even in a PRB-pair.

Since the antenna ports {7, 8} and {9, 10} are located in different CDM groups, up to 24 REs can be used for reference signal in a PRB-pair. So far, the REs in the second CDM group (i.e., 12REs) have been used for PDSCH transmission if an antenna port in the first CDM group (e.g., 7, 8) is only used as the antenna ports in the second CDM group are prohibited from multi-user scheduling. For ePDCCH transmission, the antenna ports {9, 10} could be used for multi-user scheduling for better supporting of UE-specific beamforming. Given that a UE doesn’t have co-channel ePDCCH scheduling information in a PRB-pair if a blind decoding based ePDCCH transmission is used, a Rel-11 UE may not know the use of antenna ports {9, 10} if those antenna ports doesn’t fall under the UE’s search space for blind decoding. Therefore, the REs for antenna ports {7, 8, 9, 10} should be always reserved for the DM-RS ports in order to avoid any potential ambiguities.
Proposal 3: the REs for the antenna ports {7, 8, 9, 10} should be always reserved regardless of the use of antenna ports.  
PRB-bundling for ePDCCH
In Rel-10, the PRB-bundling was introduced for better channel estimation performance according to UE receiver implementation by allowing channel interpolation across multiple consecutive PRBs based on DM-RS ports. It has been shown in the previous studies in Rel-10 that the PRB bundling provides more accurate channel estimation especially under the low delay spread channel due to its noise suppression gain. 
Since the PRB-bundling only allows channel interpolation across multiple consecutive PRBs from an antenna port perspective, it makes more sense to use the same antenna port if multiple PRBs are used for an ePDCCH transmission in localized transmission assuming that PRB bundling is supported in ePDCCH transmission.

Although it is obvious that the PRB bundling provides gain as observed in Rel-10, it should be double checked whether it too much restricts ePDCCH design and/or scheduling flexibilities.

Observation 1: PRB-bundling for ePDCCH localized transmission should be investigated.
3
Simulation Results
In this section, the ePDCCH BLER performance is evaluated in link-level according to the channel model and the use of PRB bundling. A single strong interferer is assumed to see the impact of MMSE-IRC receiver performance. For ePDCCH transmission, localized resource allocation is only assumed to investigate the PRB bundling gain. Further details of the simulation assumptions are listed in the table 1. 
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Figure 1. ePDCCH BLER performance in EPA channel with MMSE receiver.
The figure 1 shows ePDCCH BLER performance with MMSE receiver in a relatively frequency flat channel (i.e., EPA). As shown in the figure 1, roughly 1dB gain could be achieved from PRB bundling for both 2CCE and 4CCE cases.
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Figure 2. ePDCCH BLER performance in EPA with MMSE-IRC receiver.

The figure 2 shows ePDCCH BLER performance with MMSE-IRC receiver for which interference covariance matrix is estimated in the DM-RS location after cancelling out serving cell signals. Therefore, the interference measurement accuracy may highly rely on channel estimation performance. However, as seen in the figure 2, the PRB bundling gain for MMSE-IRC receiver is similar with that for MMSE receiver.
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Figure 3. ePDCCH BLER performance in SCME channel with MMSE receiver.
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Figure 4. ePDCCH BLER performance in SCME with MMSE-IRC receiver.

The figure 3 and 4 show the BLER performance of ePDCCH in SCME channel model. Although the bundling gain is slightly reduced, we can observe that PRB bundling provide noticeable gain even in the medium delay spread channel.
Observation2: the PRB bundling provides ~1dB gain in 1% BLER in frequency flat padding channel  and the gain gets reduced if frequency selectivity becomes higher. 
Proposal 4: PRB bundling can be applied for ePDCCH design as well unless serious scheduling restrictions are shown.
4
Conclusions

In this contribution, we discussed on the ePDCCH reference signal and the potential use of PRB bundling. In addition, the performance of PRB bundling was also investigated in link-level. From the discussions and observations, followings are proposed:
Proposal 1: single DM-RS port needs to be used for localized transmission at least in a PRB-pair.
Proposal 2: multiple DM-RS port can be used for distributed transmission even within a PRB-pair.
Proposal 3: the REs for the CDM groups of DM-RS ports should be reserved always and not used for ePDCCH transmission.  
Proposal 4: PRB bundling can be applied for ePDCCH design as well unless serious scheduling restrictions are shown.
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Appendix

Table 1. Link-level Simulation Assumptions

	System Bandwidth
	10MHz

	Antenna configuration
	4x2

	Number of CRS port
	4

	Number of CSI-RS port
	4

	Duty cycle for CSI-RS [ms]
	5

	Feedback delay [ms]
	8

	Feedback mode
	PUSCH 3-1

	ePDCCH resource allocation
	Localized

	Transmission schemes
	CL beamforming

	Channel models
	EPA and SCME (UMi, 100 drops)

	Codebook for PMI reporting
	Rel-8 HH

	Velocity [km/h]
	3

	DM-RS pattern
	Rel-10 (Port-7)

	DCI format for legacy PDCCH and E-PDCCH
	Format 0/1A

	Aggregation level [# of CCE]
	2 and 4

	Coding chain
	Same as legacy PDCCH

	Number of OFDM symbol for legacy PDCCH
	2

	Frequency selective scheduling (FSS)
	Enable

	Chanel estimation
	Realistic

	PRB bundling for channel estimation
	Enabled/disabled


