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1
Introduction
In RAN1 #66bis meeting, it was agreed to introduce enhanced physical control channels and some design guidelines were also captured as working assumptions in RAN1 Chairman’s note as follows:

Based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO:

Working Assumption:

· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.

As a progress in RAN1 #67 meeting, there were agreements related to reference signal and transmission method for ePDCCH as following:

Agreements:

· 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

In this contribution, we discuss on the multiplexing of ePDCCH based on the working assumptions and agreements and also investigate the performance of multiplexing method in link-level simulations.

2
ePDCCH Multiplexing
ePDCCH multiplexing with PDSCH

Although the ePDCCH is transmitted in the PDSCH region, it should be still possible to schedule legacy UEs in the same subframe without any performance impact, which implies that FDM based ePDCCH resource allocation should be considered in order not to overlap with legacy PDSCH resources. Note that legacy UEs may not know the existence of ePDCCH so that ePDCCH may be considered as PDSCH and will be decoded as data at the legacy UE receiver, resulting in significant performance degradation as we observed in Rel-10 CSI-RS study. If the ePDCCH resource is defined as a subset of PRBs in the subframe, the eNB scheduler may avoid the potential collisions. A FDM based ePDCCH resource reservation may also provide frequency domain ICIC if multiple cells coordinate to avoid ePDCCH collisions in synchronized network, and the interference can be significantly reduced if cells are lightly loaded.
Proposal 1: ePDCCH resource should be defined in FDM manner, and a subset of PRBs may be reserved for ePDCCH 

It is agreed to introduce both localized and distributed transmissions for ePDCCH. Using this arrangement the eNB may configure, and select, a proper transmission scheme according to the channel condition of interest. In general, if CSI is available for the UE at the eNB scheduler, localized transmission can be used to exploit scheduling gain and/or beamforming gain. On the other hand, the distributed transmission can be considered as an open-loop ePDCCH transmission scheme such that frequency diversity gains can be exploited for the UE having no available CSI due to either high mobility, and/or absence of CSI feedback. To achieve frequency selective scheduling gain and diversity gain, multiple distributed PRB clusters need to be reserved for ePDCCH transmission so that a PRB cluster can be selected for a localized transmission and multiple PRB clusters can be used for distributed transmission.

Proposal 2: multiple distributed PRB clusters may need to be reserved in FDM manner for ePDCCH transmission.
If a subset of PRBs is reserved for ePDCCH in semi-static manner and some ePDCCH resources are not used in a specific subframe, it should be possible to reuse the ePDCCH resources for PDSCH transmissions for better resource utilization by avoiding downlink resources waste. To improve PDSCH resource utilization the ePDCCH resource can be scheduled for Rel-11 PDSCH transmission in dynamic manner. Doing so would allow un-used ePDCCH resources to be used for legacy and/or Rel-11 UEs. However, it would be cleaner not to reuse partially un-used ePDCCH resources in a PRB for PDSCH transmission.
Proposal 3: the reserved resources for ePDCCH should be possible to transmit PDSCH if it is not used
Multiple ePDCCHs multiplexing 
Since a CCE size is much smaller than the number of REs in a PRB-pair, multiple CCEs could be defined in a PRB-pair and each CCEs defined in a PRB-pair could be a part of different UE’s search space. In other words, multiple ePDCCHs for different UEs could be multiplex in a PRB-pair. As agreed in RAN1 #67 meeting, the antenna ports 7-10 can be used for ePDCCH transmission so that different beams could be used for multiple UEs multiplexed in a same PRB-pair at the same time without co-channel interference. Considering that ePDCCH transmission should be robust in various scenarios, it seems to be safer not to use spatial multiplexing of ePDCCHs for different UEs since the zero-forcing beamforming based transmission highly relies on UE CSI feedback which may not be accurate in many scenarios. Therefore, ePDCCHs for multiple UEs should be multiplexed in FDM or FDM/TDM manner. In order to guarantee design flexibility for ePDCCH localized and distributed transmissions, the FDM/TDM seems to be appropriate as a baseline. 
Proposal 4: the FDM/TDM should be baseline design for multiple ePDCCHs multiplexing within a given ePDCCH resources.
In order to avoid scheduling restriction, both localized and distributed transmission should be possible all downlink subframes supporting ePDCCH as the ePDCCH transmission mode may be configured by higher layer as similar with PDSCH transmission mode configuration according to a UE channel conditions. To simply allow both ePDCCH transmission modes, the smaller resource grid as similar with REG in legacy PDCCH could be defined in ePDCCH resources and the distributed REGs are aggregated for distributed transmission and localized REGs are aggregated for localized transmission.
Proposal 5: support both localized and distributed transmission in a same subframe and reuses the REG concept in legacy PDCCH to support both transmission modes in the same subframe.
3
Simulation Results
In this section, a couple of resource allocation candidates are investigated in link-level simulation for both localized and distributed allocation.
Localized Resource Allocation (FDM vs. FDM/TDM)
For localized transmission, frequency selective scheduling is used based on UE feedback (i.e., PUSCH 3-1) so that a best subband is selected and the first one or two PRB(s) within the subband is(are) used for localized ePDCCH transmission. 
In the simulation, four resource allocation alternatives were assumed for 1 CCE aggregation case as following:

· FDM-1PRB: a CCE is located in a half of a PRB-pair in frequency domain which is equivalent to 6 subcarriers x 12 OFDM symbols assuming 2 OFDM symbols for legacy PDCCH.

· FDM-2PRB: a half of CCE is located in a quarter of the first PRB-pair which is equivalent to 3 subcarriers x 12 OFDM symbols and the rest of CCE is located in a quarter of the second PRB-pair within the selected subband.

· FDM/TDM-1PRB: a CCE is located in a half of a PRB-pair in time domain which is equivalent to 12 subcarriers x 6 OFDM symbols.

· FDM/TDM-1PRB: a half of CCE is located in a quarter of the first PRB-pair which is equivalent to 6 subcarriers x 6 OFDM symbols and the rest of CCE is located in a quarter of the second PRB-pair within the selected subband.
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Figure 1. BLER performance of ePDCCH according the multiplexing method in SCME channel (2x2)
Table 1. Required SNR [dB] for 1% BLER according to channel models in 3km/h (2x2)
	
	DCI format 0/1A (Agg. = 1)

	
	FDM-1PRB
	FDM-2PRB
	FDM/TDM-1PRB
	FDM/TDM-2PRB

	SCME
	6.4
	5.6
	7
	5.5

	ETU
	4.2
	3.2
	4.5
	3.1


The figure 1 shows the BLER performance of 1CCE-based ePDCCH for DCI format 0/1A in SCME channel model with 2x2 antenna configuration. The FDM-1PRB performs slightly better than FDM/TDM-1PRB since the channel estimation accuracy of FDM-1PRB shows a slightly better performance as compared with that of FDM/TDM-1PRB case. It is also observed that 2PRB-based allocation shows noticeable performance gain as compared with that of 1PRB-based allocation in localized transmission since the best frequency band selection relies on subband CQI from which the best PRB within the subband couldn’t be properly selected at an eNB scheduler. Therefore, distributed allocation within the selected subband brings additional diversity gain. 

The figure 2 shows the same assumptions with the figure 1 except for the antenna configuration 4x2. The performance has the same tendency seen in the figure 1.
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Figure 2. BLER performance of ePDCCH according the multiplexing method in SCME channel (4x2)
Table 2. Required SNR [dB] for 1% BLER according to channel models in 3km/h (4x2)
	
	DCI format 0/1A (Agg. = 1)

	
	FDM-1PRB
	FDM-2PRB
	FDM/TDM-1PRB
	FDM/TDM-2PRB

	SCME
	3.93
	3.31
	4.74
	3.45

	ETU
	2.5
	2.1
	2.8
	2


Observation: although there is some performance different between FDM and FDM/TDM in 1PRB allocation case due to different channe estimation accuracy, the different disappears in 2PRB-based allocation. In addition, 2PRB-based allocation overall shows better performance as compared to 1PRB-based allocation. Therefore, it seems to be beneficial to distributed a CCE to multiple PRBs within the selected subband even for localized transmission due to CQI reporting granularity.
Proposal 6: a CCE needs to be distributed within subband for localized transmission
Distributed Resource Allocation

For the distributed resource allocation, the frequency diversity gain is evaluated according to the number of distributed PRBs and channel conditions. In this link level simulation, fixed precoding is used as an open-loop transmission scheme. Figures 3 and 4show  the BLER performance of DCI format 0/1A as a function of  the number of distributed PRBs and the CCE aggregation level for the ETU and SCM-B channel, respectively.

Figure 2 and 4 show that the frequency diversity gain can be increased by increasing the number of distributed PRBs . The reason can be attributed to the fact that  an ePDCCH may span over a larger number of PRBs so that the channel decoder at a UE receiver achieves frequency diversity gain. A significant performance difference is shown between PRB=2 and PRB=4 regardless of the aggregation level while a relatively marginal SNR difference can be observed between PRB=4 and PRB=8, this is mainly because the diversity gain can be saturated once the diversity order is higher than 4. 
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Figure 3. ePDCCH BLER performance according to the number of distributed PRB in ETU 30km/h.
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Figure 4. ePDCCH BLER performance according to the number of distributed PRB in SCM-B 30km/h.

Observation: for the distributed allocation in order to achieve frequency diversity gain, the number of distributed PRBs needs to be at least four to achieve proper diversity gain irrespective of the CCE aggregation level. 

Proposal 7: it is recommended to allocate at least four PRBs for ePDCCH distributed transmission.
4
Conclusions

In this contribution, we discussed on ePDCCH multiplexing with PDSCH and multi-user ePDCCH multiplexing and evaluate some link level performance to provide a design guideline for ePDCCH. From the discussions and observations from the simulation results, we recommend RAN1 to agree on following proposals:
Proposal 1: ePDCCH resource should be defined in FDM manner, and a subset of PRBs may be reserved for ePDCCH 
Proposal 2: multiple distributed PRB clusters may need to be reserved in FDM manner for ePDCCH transmission.
Proposal 3: the reserved resources for ePDCCH should be possible to transmit PDSCH if it is not used

Proposal 4: the FDM/TDM should be a baseline for multiple ePDCCHs multiplexing within a given ePDCCH resources.
Proposal 5: support both localized and distributed transmission in a same subframe and reuse the REG concept in legacy PDCCH to support both transmission modes in the same subframe.

Proposal 6: a CCE needs to be distributed within subband for localized transmission

Proposal 7: it is recommended to allocate at least four PRBs for ePDCCH distributed transmission.
Appendix

Table 1. Link-level Simulation Assumptions
	System Bandwidth
	10MHz

	Antenna configuration
	2x2 or 4x2

	Number of CRS port
	2 or 4

	Number of CSI-RS port
	2 or 4

	Duty cycle for CSI-RS [ms]
	5

	Feedback delay [ms]
	8

	Feedback mode (localized only)
	PUSCH 3-1

	Transmission schemes
	CL beamforming for localized mode

Fixed Precoder for distributed mode

	Channel models
	ETU, SCM-B and SCME (UMi, 100 drops)

	Codebook for PMI reporting
	Rel-8

	Velocity [km/h]
	3 and 30

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

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

	Aggregation level [# of CCE]
	1, 2, 4, and 8

	Coding chain
	Same as legacy PDCCH

	Number of OFDM symbol for legacy PDCCH
	2

	Frequency selective scheduling (FSS)
	Enable/disable

	Chanel estimation
	Realistic

	PRB bundling for channel estimation
	Disabled


