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Discussion/Decision
1
Introduction
In RAN1 #68bis, it was agreed that the antenna port for ePDCCH demodulation is determined by a combination of RE location and a UE-specific configuration at least for localized transmission as captured in RAN1 chairman’s note [1].

Agreement from RAN1#68bis:

· At least for localised transmission, the antenna port(s) for ePDCCH is/are determined by a combination of:

· implicit determination from the time-frequency locations of the REs used by the corresponding DCI message, and 

· a UE-specific configuration 

· FFS till RAN1#69 what the configuration comprises (e.g. RRC signalling, UE ID, etc)

· FFS till RAN1#69 whether this applies to distributed transmission
There seem to be still lots of open issues need to be addressed for antenna port association. Therefore, we discuss on further details of association between antenna port and ePDCCH in this contribution.

2
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 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 location so that a UE may know which antenna port need to be used for eREG demodulation within the search space for the UE. This may allow flexible antenna port allocation if multiple beams need to be used in a UE-specific manner. Since the eREG location determines the antenna port, the multi-user MIMO capability could be restricted, thus resulting ePDCCH capacity loss. To resolve this issue, a UE-specific configuration could be used on top of the eREG location based antenna port determination. The antenna port number for a eREG location can be differently configured according to the UE by using UE-ID and/or explicit higher layer signaling.
Proposal-1: an antenna port associated with an eREG is defined by the position of eREG and the associated antenna ports number may be configured in a UE-specific manner.
The eREG position based antenna port mapping may increase channel estimation complexity at a UE receiver if multiple eREGs in a PRB-pair are used for a UE since a single antenna port per PRB-pair could be enough in localized transmission. Therefore, in order to avoid unnecessary channel estimation burden at a receiver, all eREGs for a UE in a PRB-pair need to be mapped onto the same antenna port. For instance, if the eCCE #n and the 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.
Proposal-2: all eREGs for a UE in a PRB-pair are mapped onto the same antenna port in localized transmission.
The distributed transmission provides robust ePDCCH transmission if no valid CSI is available for a UE and/or eNB scheduler relies on wideband CQI feedback for ePDCCH transmission since frequency selective scheduling is not possible with wideband CQI. Therefore, the distributed transmission should be supported for both open-loop and closed-loop UEs. Given that closed-loop UE with wideband CQI needs to rely on the distributed resource allocation, UE-specific reference signal seems to be still attractive for distributed transmission rather than shared RS in order to exploit both UE-specific beamforming gain and random beamforming gain (see the section 3).
Proposal-3: eREG location based antenna port determination should be used for distributed transmission to minimize antenna blocking probability and/or exploit UE-specific beamforming gain.
3
Link-level Simulation Results
In this section, the performance of ePDCCH distributed transmission is evaluated with two alternative antenna port association methods such as shared and UE-specific antenna port. For ePDCCH distributed transmission, the uniformly distributed 8 PRB-pairs are reserved as ePDCCH resources and 2 eCCEs or 8 eCCEs are distributed over the 8PRB-pairs. Two transmission schemes are assumed for the distributed transmission as follows:

· Shared RS: antenna port is shared with multiple UEs in a PRB-pair for distributed transmission so that channel estimation gains may be increased. Since the antenna port is shared with multiple UEs, per-RB based random beamforming or SFBC is available as a transmission scheme. In the simulation, per-RB based random beamforming is assumed for shared RS.
· UE-specific RS: antenna port is determined by eREG location so that UE-specific beams may be used as far as the antenna port is not shared with another UE. The wideband beamforming is assumed in this simulation for UE-specific RS.
In addition, PUCCH Mode 1-1 reporting with 4Tx antenna configuration is assumed as a CSI feedback. The further details of simulation assumes are listed in the table 1.
From the figures 2 and 3, it is observed that the UE-specific RS provides significant performance gain as compared with the shared RS and the gain gets more significant as the spatial correlation becomes higher, this is mainly because of that the beamforming gain outperforms frequency diversity gain. As seen in the figure 2, more than 2dB gain may be achieved with UE-specific RS even in uncorrelated spatial channel.
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Figure 2. BLER performance of distributed transmission according to schemes in EPA.
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Figure 3. BLER performance of distributed transmission according to schemes in SCM-B.

Observation: the UE-specific beamforming provides significant gain even for distributed transmission if wideband CQI is only available at the transmitter.

4
Conclusions

In this contribution, we discussed on the antenna port association with ePDCCH resources and evaluated the distributed transmission with two alternative antenna association methods. From the discussions and observations, we propose as follows:
Proposal-1: an antenna port associated with an eREG is defined by the position of eREG and the antenna ports number may be configured in a UE-specific manner.
Proposal-2: all eREGs for a UE in a PRB-pair are mapped onto the same antenna port in localized transmission.
Proposal-3: eREG location based antenna port determination should be used for distributed transmission to minimize antenna blocking probability and/or exploit UE-specific beamforming gain.

References

[1] RAN1 #68bis, RAN1 Chairman’s note
Appendix

Table 1. Link-level Simulation Assumptions

	System Bandwidth
	10MHz

	Antenna configuration
	4x2

	Number of CRS port
	4

	Feedback mode
	PUCCH Mode 1-1(for UE Specific WB-BF)
None (for Random BF)

	ePDCCH resource allocation
	Distributed within 8 PRBs

	Transmission schemes
	UE-specific/Random beamforming

	Channel models
	EPA and SCM-B

	Codebook for PMI reporting
	Rel-8

	Velocity [km/h]
	3

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

	DCI format for ePDCCH
	Format 0/1A

	Aggregation level [# of CCE]
	2 and 8

	Coding chain
	Same as legacy PDCCH

	Number of OFDM symbol for legacy PDCCH
	2

	Channel estimation
	Realistic
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