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1
Introduction

In RAN1#69, agreements on spatial diversity and antenna port association were reached. Several issues are still open, for instance the size of the “group of REs” for which the same precoding can be assumed in case of spatial diversity, and the details of the one-to-one mapping between antenna ports and the used resources (eCCEs in case of localized allocations). In this contribution we address these open issues.

2
Spatial diversity
On spatial diversity, it was agreed in RAN1#69 that 

Agreement:

· The spatial diversity scheme for ePDCCH is implementation-dependent beamforming (subject to specifying which antenna port is applicable for each group of REs)

· UE may assume that the same precoding applies on all REs of one ePDCCH within one group of REs (1 <= one group of REs <= PRB pair, exact details FFS).

· One antenna port is identified to the UE as the phase reference for each group of REs

Essentially this agreement still allows for instance precoder cycling per each “group of REs”. The remaining open issue is the size of the groups of REs which impacts basically the number of antenna ports required to demodulate one distributed ePDCCH. Our view is that spatial diversity is mainly needed for distributed allocations and does not need to be considered in context of localized allocations in which case CSI is assumed to be available at the eNB side enabling codebook-based precoding.
In order to study the size of the “one group of REs”, link simulations were run comparing per-PRB precoder cycling (per-PRB PC) and per-RE precoder cycling (per-RE PC). 

A distributed ePDCCH PRB allocation with a diversity order of 4 was used. The 4 PRB pairs were allocated with an equal spacing ranging the whole system bandwidth.
In addition to the size of “one group of REs”, DM-RS antenna port arrangements were compared. For the per-PRB precoder cycling, three DM-RS options were identified:

· Antenna port 107 with nominal power (AP7 DM-RS EPRE = ePDCCH EPRE)

· Antenna port 107 with a +3dB boost, utilizing the leftover signal energy from AP109/AP110 DM-RS REs

· Antenna port 107 + 109 bundled into a single layer, 24RE/PRB-pair DM-RS pattern

Comparing the DM-RS schemes, AP107 power boosting can be handled transparently, whereas the AP107+AP109 port bundling requires a new DM-RS filter in the UE and also requires that the UE is made aware of when such port bundling is utilized. Therefore, a noticeable performance gain needs to be shown from port bundling over a simple power boost, in order to justify the adoption of the DM-RS port bundling.

For per-RE precoder cycling, two DM-RS antenna port arrangements were used:

· Antenna ports 107 and 108 used for dual-layer DM-RS
· Antenna ports 107 and 109 used for dual-layer DM-RS (twice the DM-RS density compared to the 1st option)

In the first option, each DM-RS port has half of the transmission power compared to the ePDCCH EPRE. In the second option, a double-density pattern is used, and the EPRE of each DM-RS port is equal to the ePDCCH EPRE.

The simulation results are given in Figure 1, where ePDCCH BLER with aggregation levels {1, 2, 4, 8} is illustrated, with the given precoder cycling schemes and the different antenna port arrangements. More detailed simulation assumptions are given in Appendix A.
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Figure 1: ePDCCH BLER with aggregation levels {1, 2, 4, 8}
In Figure 1, for all of the aggregation levels, two groups of curves can be observed. With boosted DM-RS power, the BLER performance is naturally better than with the nominal DM-RS power. The difference is smaller in low aggregation levels but it increases to roughly 1 dB at aggregation level 8. However, with a similar DM-RS power allocation, it is seen that the per-PRB and per-RE precoder cycling have nearly identical performance. Performance differences at 1%-BLER point are within 0.1-0.2 dB, which is negligible. It is also observed that the AP107 power boosting and AP107+AP109 port bundling have similar performance, with per-PRB precoding. Therefore, the adoption of a new bundled DM-RS pattern cannot be justified, as a similar performance can be obtained by a transparent power boosting.
Based on our results we propose:
Proposals:

-
UE may assume that the same precoding applies on all REs of one ePDCCH within one PRB pair.
-
No DM-RS port bundling is introduced.
3
Antenna port association
On antenna port association, the following agreement and working assumption were reached in RAN1#70:
Agreement:

· In localized allocation, each eCCE index is associated by specification with one antenna port 

· In case a DCI message uses multiple eCCEs in the PRB pair, one AP per PRB pair is selected among the associated APs and used for ePDCCH demodulation
· FFS whether the selection is according to the C-RNTI or another UE-specific configuration based rule.
· FFS whether a second AP with the same precoding as the one AP may be configured. 
· Working assumption that the association from eCCE index of different DCIs to AP is a one-to-one mapping for normal CP
· A many-to-one mapping can be considered further
· Consider both normal and extended CP

· Note that details are FFS for the case of only 2 ports being configured in the system

· Note that if it is agreed that the size of a group of REs for the spatial diversity scheme is smaller than a PRB pair, then the above is not applicable if the spatial diversity scheme is used. 

Working Assumption:

· In distributed allocation, at least if spatial diversity is used, each eREG/RE index is associated by specification with one antenna port 

· The associated AP for each used eREG/RE is used for ePDCCH demodulation

· If it is agreed that the size of a group of REs for the spatial diversity scheme is larger than an eREG, then it is FFS whether the antenna port can be the same for multiple eREGs within a PRB pair.

The main open issues are the exact mapping of eREGs to antenna ports, and the exact rule that is used to select the antenna port when a DCI message uses multiple eCCEs in the PRB pair. 
As mentioned in [1] our view is that the same eREG definition is used for both localized and distributed allocations. One reason for this is to support (almost standard-transparent) multiplexing of localized and distributed allocations within the same PRB pair as described in [2]. Similarly and for the same reason, we think that the same eREG to antenna port mapping should be followed for both localized and distributed allocations.
Following the eREG definitions and eCCE to eREG mapping as proposed in [1]

 REF _Ref331686582 \r \h 
[3], in case of 16 eREGs a suitable eREG to antenna port mapping could be, for example, as follows:
· eREG 0,4,8,12 – antenna port 107
· eREG 1,5,9,13 – antenna port 108

· eREG 2,6,10,14 – antenna port 109

· eREG 3,7,11,15 – antenna port 110

Such antenna port mapping is illustrated in Figure 2 (note the different indexing of eREGs though).
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Figure 2. Illustration of the proposed eREG-AP mapping. Note that the indexing of eREGs is from 1 to 16 instead of from 0 to 15.

Our view is that additional higher-layer configuration of the antenna port is not needed and would mainly introduce additional RRC signaling overhead. As described in [2] the search space and hence the monitored antenna ports can be determined by C-RNTI, and as mentioned in [2], additional dependency on subframe index (similar to the hashing function in case of PDCCH) could be considered if blocking in consecutive subframes is considered as a problem (note that this would not impact eREG-AP association).

Based on the discussion our proposals are as follows:
Proposals:
-
The same eREG to antenna port mapping is used for both localized and distributed allocations.

-
When a DCI message uses multiple eCCEs, the antenna port to be used is selected based on C-RNTI.

-
In case of 16 eREGs per PRB pair, the eREG to AP mapping could be for instance
· eREG 0,4,8,12 – antenna port 107
· eREG 1,5,9,13 – antenna port 108

· eREG 2,6,10,14 – antenna port 109
· eREG 3,7,11,15 – antenna port 110

4
Conclusions

Based on our results and discussion, our proposals on the remaining issues related to ePDCCH antenna port association are as follows:
Proposals:

-
UE may assume that the same precoding applies on all REs of one ePDCCH within one PRB pair.
-
No DM-RS port bundling is introduced.

-
The same eREG to antenna port mapping is used for both localized and distributed allocations.

-
When a DCI message uses multiple eCCEs, the antenna port to be used is selected based on C-RNTI.

-
In case of 16 eREGs per PRB pair, the eREG to AP mapping could be for instance

· eREG 0,4,8,12 – antenna port 107
· eREG 1,5,9,13 – antenna port 108

· eREG 2,6,10,14 – antenna port 109
· eREG 3,7,11,15 – antenna port 110
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Appendix A: Simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configurations
	2x2, cross-polarized

	Channel model
	SCM Urban Macro NLOS

	UE velocity
	3 km/h

	E-PDCCH configuration
	Distributed PRB allocation

	Transmission schemes
	· Per-PRB precoder cycling

· Per-RE precoding cycling

	Modulation and coding
	QPSK modulation, coding rate according to CCE size and aggregation level

	CCE size
	36 REs

	DCI format and payload
	DCI 1A: 27 + 16CRC bits

	Number of allocated PRBs
	4 PRBs, distributed over the system band

	CSI-RS configuration
	2-Tx CSI-RS, 10 ms periodicity

	CRS configuration
	2 CRS ports

	DM-RS configuration
	Per-PRB precoder cycling:
· AP7 nominal power

· AP7 with +3dB boost

· AP7+AP9 port bundling (double density)

Per-RE precoder cycling:

· AP7 & AP8 dual-layer DM-RS

· AP7 & AP9 dual-layer DM-RS (double density)

	Channel estimation algorithm
	DM-RS: Realistic channel estimation


