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Discussion/Decision
1
Introduction
It has been agreed as a working assumption in RAN1 #67 that the Rel-10 antenna ports 7-10 are reused for ePDCCH rather than designing new DM-RS pattern. In addition, how to use the antenna ports 7-10 for ePDCCH demodulation was also extensively discussed during RAN1 #68 meeting and the following issues were summarized for further discussion [1]:

· 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 discuss on the open issues listed above and also evaluate the ePDCCH performance with advanced receiver.

2
Reference Signal for ePDCCH
Number of DM-RS ports
It has been agreed as a working assumption that Rel-10 DM-RS port 7-10 are used for ePDCCH transmission. Since the antenna ports {7, 8} and {9, 10} are located in different CDM groups, up to 24 REs could be used as the reference signal in a PRB-pair. Also, multiple eREGs/eCCEs can be multiplexed in the same PRB-pair for the different UE, which implies that a UE monitoring only a subset of eREGs/eCCEs in a PRB-pair may not know whether another antenna port in the second CDM-group is occupied for other UEs. Therefore, the REs for antenna ports {7, 8, 9, 10} should be reserved always in order to avoid any potential ambiguities even if a subset of eREGs/eCCEs is only used. On the other hand, if a UE demodulates all eREGs/eCCEs in a PRB-pair, a single antenna port may be used for better channel estimation performance and resource utilization.
Proposal-1: The REs for antenna ports {7, 8, 9, 10} should be reserved even if a UE demodulates eREGs/eCCEs partially in a PRB-pair.
In RAN1 #68, it was raised that the FDM/TDM multiplexing of ePDCCHs with current CDM multiplexing of antenna port {7, 8} and {9, 10} may results in performance degradation of advanced receiver (i.e., MMSE-IRC) due to the different interference level between ePDCCH RE and reference signals [2]-[3]. A similar result was shown in our link level simulation in the section 3, it is however also observed that the performance loss as compared with that of baseline MMSE receiver is limited to small aggregation level which is typically used for high geometry UEs, thus interference level is relatively low. In addition, different implementation of MMSE-IRC may also avoid performance degradation from different interference level. Keeping these in mind, we recommend keeping the Rel-10 antenna ports as it is for ePDCCH transmission and avoid unnecessary standard efforts.
Proposal-2: The DM-RS ports 7-10 are kept as it is for ePDCCH demodulation.
Antenna Port Association
In a PRB-pair configured as ePDCCH resource, an eREG can be defined as a minimum resource and multiple eREGs can be aggregated to form an eCCE which is used as a minimum search space unit, thus a Rel-11 UE monitors ePDCCHs with one or multiples of eCCEs like CCE aggregation in Rel-8. Assuming that multiple eREGs are multiplexed in a full FDM manner with 1 RE frequency granularity, 12 eREGs can be defined in a PRB-pair and each subsets of eREGs could be mapped onto different antenna ports in order to allow independent beamforming if different UEs are scheduled for each eCCEs as shown in the figure 1.
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Figure 1. eREGs to antenna port mapping in localized transmission.
The antenna port associated with an eREG can be determined by the eREG position so that a UE may know which antenna port need to be used for eREG demodulation within the search space of the UE. This may allow flexible antenna port allocation if multiple beams need to used in UE-specific manner. As an alternative, semi-static antenna port allocation per UE has been proposed as it can simplify specification efforts. On the other hand, a scheduling restriction is expected if the same antenna port is semi-statically configured for multiple UEs and if the search space for those UEs are located in the same PRB-pair, independent beam couldn’t be formed in this case. Therefore, it is preferable to determine antenna port with eREG position. 
Proposal-3: an antenna port associated with an eREG is defined by the position of eREG
One drawback from eREG position based antenna port allocation could be that a UE may need to perform channel estimation for multiple antenna ports to demodulate eREGs in a PRB-pair which may result in increased receiver complexity. To avoid unnecessary channel estimation burden, all eREGs for a UE in a PRB-pair need to be mapped onto the same antenna port. For instance if eCCE #n and eCCE #n+1 are demodulated at the same time, the antenna port 7 or 8 is only used for both eCCEs, thus reducing channel estimation complexity while increasing channel estimation accuracy since the total transmission power for port-7 and port-8 will be concentrated on a single antenna port (roughly 3dB gain).

Proposal-4: a single antenna port is used per a UE within a PRB-pair in rank-1 transmission
PRB-bundling for ePDCCH
In Rel-10, PRB bundling was adopted for transmission mode 9 for better DM-RS channel estimation performance by allowing channel interpolation across multiple PRBs. In [4], up to 1dB gain was observed from PRB bundling for ePDCCH transmission. Considering moderate gain from PRB bundling while negligible specification efforts, PRB bundling may be also supported as long as it doesn’t harm any ePDCCH design flexibility.
Proposal-5: PRB bundling could be supported for ePDCCH as long as it doesn’t harm any ePDCCH design flexibility.
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Link-level Simulation Results
In this section, we evaluate the performance of ePDCCH with Rel-10 DM-RS ports to see the advanced receiver performance (i.e., MMSE-IRC). One interfering cell is assumed to see the interference rejection performance and co-channel interference for the orthogonal antenna ports while no interference for the ePDCCH. Note that FDM-based ePDCCH multiplexing without MU-MIMO is assumed in the link-level simulation. In addition, two types of advanced receiver were assumed to see whether implementation specific solution works for the case of different interference level between ePDCCH RE and reference signal:

· Type-1 MMSE-IRC receiver: a UE cancels out estimated channel of the antenna port on which a PDSCH/ ePDCCH for the UE is transmitted for interference covariance matrix estimation.

· Type-2 MMSE-IRC receiver: a UE cancels out estimated channel of all antenna ports which may carry signals.

For ePDCCH transmission, the antenna port-7 is used with closed-loop PMI and random beamforming is used for the antenna port-8 as interference on the ePDCCH reference signal.
The table 1 shows the required SINR for 1% ePDCCH BLER according to the number of antenna ports and aggregation level.

Table 1. Required SINR [dB] in 1% BLER for ePDCCH according to the receiver type.

	
	ETU 5 


	EPA 5 



	Antenna configuration
	2x2
	4x2
	2x2
	4x2

	Aggregation Level
	AL: 1
	AL: 4
	AL: 1
	AL: 4
	AL: 1
	AL: 4
	AL: 1
	AL: 4

	MMSE
	8.3
	2.0
	8.4
	1.0
	8.3
	3.3
	6.0
	1.9

	Type-1 MMSE-IRC
	9.2
	2.5
	7.8
	0.7
	8.4
	2.4
	6.1
	0.5

	Type-2 MMSE-IRC
	7.8
	1.1
	6.6
	0.0
	7.2
	2.0
	4.9
	0.1


From the table 1, we can observe that the receiver performance could be degraded if interference covariance matrix is incorrect in Type-1 receiver. In low aggregation level and/or frequency selective channel, the Type-1 MMSE-IRC receiver performs even worse than baseline MMSE receiver. Considering that a cell-edge UE having low geometry most likely suffers from interference, high aggregation level might be used for the UE in most of time. Therefore, Type-1 receiver still provides interference rejection gain. On the other hand, the Type-1 receiver shows 1~1.5dB loss over Type-2 receiver in all cases. 

Observation: the performance loss of advanced receiver is observed from Rel-10 DM-RS if FDM/TDM multiplexing is used for ePDCCH in a PRB-pair assuming that Type-1 receiver is used.  It is also observed that the advanced receiver performance can be kept according to the receiver implementation.
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Conclusions

In this contribution, we discussed on further details of reference signal design and evaluated the performance of Rel-10 DM-RS ports for ePDCCH with advanced receiver. From the discussions and observations, followings are proposed:
Proposal-1: The REs for antenna ports {7, 8, 9, 10} should be reserved if a UE demodulates eREGs/eCCEs partially in a PRB-pair.
Proposal-2: The DM-RS ports 7-10 are kept as it is for ePDCCH demodulation.
Proposal-3: an antenna port associated with an eREG is defined by the position of eREG
Proposal-4: a single antenna port is used per a UE within a PRB-pair in rank-1 transmission

Proposal-5: PRB bundling could be supported for ePDCCH as long as it doesn’t harm any ePDCCH design flexibility.
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Appendix

Table 2. Link-level Simulation Assumptions

	System Bandwidth
	10MHz

	Antenna configuration
	2x2

	Number of CRS port
	2

	Feedback delay [ms]
	8

	Feedback mode
	PUSCH 3-1

	ePDCCH resource allocation
	Localized

	Transmission schemes
	CL beamforming

	Channel models
	EPA and ETU

	Interference
	A single interfering cell

	Codebook for PMI reporting
	Rel-8

	Velocity [km/h]
	3

	DM-RS pattern
	Rel-10 (Port-7 and 8)

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

	Aggregation level [# of CCE]
	1 and 4

	Coding chain
	Same as legacy PDCCH

	Number of OFDM symbol for legacy PDCCH
	2

	Frequency selective scheduling (FSS)
	Enable

	Chanel estimation for DM-RS
	Realistic

	Channel estimation for CSI feedback
	Ideal

	PRB bundling for channel estimation
	Disabled
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