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1. Introduction
This contribution discusses principles and details in DMRS port determination, based on following agreements reached in the past RAN1 meetings: 

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.

2. Design for DMRS port determination
2.1 Distributed transmission
Distributed transmission can be beneficial for both frequency diversity and interference randomization. Two candidate schemes of distributed transmission are considered in this paper: close-loop beamforming (CL-BF) and spatial diversity (SD, equivalent to open-loop beamforming). In case of no PMI information, spatial diversity can be a good choice. If only wideband CSI feedback is available, distributed close-loop beamforming based on wideband CSI performs better than other transmission schemes, as shown in Figure 1~3. Both of these two cases could occur in practical system operation. 
Proposal 1: Both beamforming and spatial diversity should be considered in distributed transmission of ePDCCH. 
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Figure 1 ePDCCH performance for different transmission schemes, AL=1
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Figure 2 ePDCCH performance for different transmission schemes, AL=2
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Figure 3 ePDCCH performance for different transmission schemes, AL=4

In distributed transmission, more than one eREGs per PRB pair may be used for a DCI message [2]. 
· In spatial diversity, UE may assume the same precoding to be applied on all REs of one ePDCCH within one group of REs, where a group of REs may contain one or more eREG(s) in one PRB pair, and two or more groups using different APs in a PRB pair may be allocated to one ePDCCH candidate to exploit more diversity gain with cycling precoding. This performance gain is shown in Figure 4 and Figure 5. 
· In CL beamforming, it can improve the channel estimation performance by using the same AP for different groups of REs in a PRB pair, since doing so is beneficial to DMRS power boosting and interference avoidance/coordination. 
Therefore, different transmission schemes have different preferences on whether the APs used for multiple eREGs per PRB pair are the same or not. In our view, the transmission scheme (BF vs SD) can be transparent to UE, therefore, the derivation at UE side of whether the APs used for multiple eREG are the same or not can be controlled by UE-specific RRC signaling. On the other hand, because the UE-specific configuration of AP-eREG mapping may introduce higher AP-blocking probability when the number of eREGs occupied by one DCI message per PRB pair is small, the UE-specific configuration should be applied only when the number of eREGs occupied by one DCI message per PRB pair is large, e.g., no smaller than 4. 
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Figure 4 ePDCCH SD performances with per-PRB cycling precoder and per-2eREG cycling precoder, AL=8

[image: image5.emf]-8 -7 -6 -5 -4 -3 -2

10

-4

10

-3

10

-2

10

-1

10

0

SNR

BLER

 

 

AL=16, SD,mapping to 4PRB,per PRB precoder cycling

AL=16, SD,mapping to 4PRB,per 4eREG precoder cycling


Figure 5 ePDCCH SD performances with per-PRB cycling precoder and per-4eREG cycling precoder, AL=16

Although it is shown beneficial for different eREGs per PRB pair of one DCI to associate with different APs and cyclic precoding, the eREGs per PRB pair for the same DCI should share maximum one DMRS port per CDM group (ports {7,8} is one group, ports {9,10} belongs to another group). This is because single port per CDM group allows power boosting on DMRS port to improve channel estimation performance, as shown in Figure 6.
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Figure 6 ePDCCH SD performance when used different APs ({7,8} vs {7,9}) AL=4 and 8

Proposal 2:  Whether the AP can be the same for multiple eREGs within a PRB pair for one DCI can be configured by RRC signaling; eREGs within a PRB pair for one DCI share maximum one AP per DMRS CDM group. 
ePDCCH DMRS may suffer the interference by PDSCH transmitted in neighboring TPs. If neighboring TP has rank-1 PDSCH transmission, the interference mitigation by DMRS orthogonality is feasible on CDM group #1 but not on CDM group #2. It can result in a permanent uneven ePDCCH DMRS performance between ports {7,8} and ports {9,10}. Therefore, in order to balance the interference impact on DMRS across different eREGs, the eREG-AP association can be cyclic-shifted on a per PRB-pair basis. 

Proposal 3:  The eREG-AP associations can be cyclic-shifted on a per PRB pair basis. 
Based on the above analysis, the eREG-AP association for distributed ePDCCH is proposed in Table 1. The full numerical tables (Tables B1 and B2) are given in Appendix-B. 
	Number of occupied eREGs per PRB pair for one DCI
	AL
	  DMRS port determination
(p is AP index, i=0~7 is eREG index per PRB pair, n=0,1,… is PRB pair index)
	Description of parameter

	1 or 2
	1,2,4
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m1 and m2 are UE-specific RRC parameters. 
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     Table 1 eREG-AP association for distributed ePDCCH
2.2 Localized transmission

For the analysis in this section, it is assumed that each PRB pair contains four eCCEs and a localized eCCE is constructed with two eREGs. This is in line with our designs in eREG/eCCE definition [3] and ePDCCH candidates in [2], which show 1, 2 and 4 eCCE(s) and 1,2,4,8 eREG(s) within one PRB pair can be occupied by one ePDCCH candidate. The DMRS port determination should be designed in such a way that, when UEs use different eREG(s) or eCCE(s) per RB to transmit ePDCCH, the chance to allow DMRS orthogonality between UEs should be maintained as large as possible, which means the similarity in DMRS port determination among different ePDCCH transmission schemes, including localized/distributed beamforming and spatial diversity, should be as large as possible. Another important target in the design of eCCE-AP association is to minimize AP blocking probability when supporting flexible multiplexing of distributed ePDCCH(s) and localized ePDCCH(s) in a PRB pair. Both above design targets motivate similar DMRS port association for both localized and distributed ePDCCH. 
Proposal 4: Both localized ePDCCH and distributed ePDCCH have the similar design for recourse-to-AP association, in order to reduce AP blocking probability and increase the chance of DMRS orthogonality. 
. 
There is no agreement on whether spatial diversity should be supported for localized ePDCCH. In our view, supporting spatial diversity in localized transmission can increase the resource utilization. In addition, in case the subband CQI is available but PMI is not, the frequency-selective scheduling based on subband CQI can brings larger performance gain than frequency-diversity scheduling, which means localized SD is the better choice in this case. 
Proposal 5: Both beamforming and spatial diversity should be considered in localized transmission of ePDCCH.
It is agreed that, if DCI message in localized transmission uses multiple eCCEs in the PRB pair, one AP per PRB pair is selected from the associated APs. But it is open whether the selection is based on C-RNTI or another UE-specific configuration. In our view, the C-RNTI based selection has less capability in interference coordination, simply because two UEs at TP-edge may very likely have their AP collide with each other. On the other hand, the UE-specific configuration can easily avoid such collision by setting UEs belonging to different TPs with appropriate AP associations.
Proposal 6: If a localized ePDCCH candidate uses multiple eCCEs in the PRB pair, the eCCE-AP association can be configured with UE specific RRC signaling.
	Number of occupied eCCEs per PRB pair for one DCI
	AL
	  DMRS port determination
(p is AP index, i=0~3 is eCCE index per PRB pair, n=0,1,… is PRB pair index)
	Description of parameter

	1
	1
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m1 and m2 are UE-specific RRC parameters.
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Table 2 eCCE-AP association for localized ePDCCH 
Based on the above analysis, the eCCE-AP association for localized ePDCCH is proposed in Table 2. It can be seen that, the mapping formula in Table 2 can be obtained by replacing the eREG index i in Table 1 with <2*i, 2*i+1>. The full numerical table (Table B3) is given in Appendix-B. 

3. Conclusions
This contribution is summarized with:
Proposal I: Both beamforming and spatial diversity should be considered in distributed transmission of ePDCCH, as well as the localized transmission of ePDCCH.  
Proposal II:  In distributed ePDCCH, 
· whether the AP can be the same for multiple eREGs within a PRB pair for one DCI can be configured by UE specific RRC signaling; 
· eREGs within a PRB pair for one DCI share maximum one AP per DMRS CDM group. 
· The eREG-AP associations can be cyclic-shifted on a per PRB pair basis.

Proposal III: In localized ePDCCH, 
· If a localized ePDCCH candidate uses multiple eCCEs in the PRB pair, the eCCE-AP association can be configured with UE specific RRC signaling. 

· The eCCE-AP association for localized ePDCCH should have as much similarity as possible with eREG-AP association in distributed ePDCCH.  
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Appendix A. Simulation assumptions
Table A1 – Simulation assumption for link level simulation

	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System bandwidth
	10 MHz

	Channel model
	ETU

	UE velocity
	3km/h

	Number of antenna ports per eNodeB
	2

	Number of CRS ports
	2

	Number of Rx antenna per UE
	2

	DCI Format 
	Format 2C(45bit) +16bit CRC

	ePDCCH Transmission scheme
	Distributed BF 

Distributed spatial diversity(per PRB cycling precoder and per N-eREG cycling precoder,N=1,2,4)

	DMRS overhead
	24

	Number of layers per UE
	1 layer

	Modulation 
	QPSK

	TTI
	10000

	Receiver detection
	MMSE-IRC

	CSI-RS Period
	5ms

	Number of Legacy PDCCH symbols
	3 

	Channel estimation on DMRS
	2D MMSE

	Channel coding
	CC

	CQI feedback cycle
	5TTI

	CQI delay
	5TTI

	Feedback Mode
	PUSCH Mode 1-2/ PUCCH Mode 1-0


Appendix B. ePDCCH resource-AP associations

Table B1 eREG-AP association for distributed ePDCCH, AL=1,2,4,8
	eREG Index
	One/Two eREGs
	Four eREGs

	
	RBn
	RBm
	m1=0 (BF)
	m1=1 (BF)
	m1=2 (SD)

	
	
	
	RBn
	RBm
	RBn
	RBm
	RBn
	RBm

	0
	AP 7
	AP 9
	AP 7
	AP 9
	AP 9
	AP 7
	AP 7
	AP 9

	1
	AP 7
	AP 9
	AP 7
	AP 9
	AP 9
	AP 7
	AP 7
	AP 9

	2
	AP 9
	AP 7
	AP 7
	AP 9
	AP 9
	AP 7
	AP 9
	AP 7

	3
	AP 9
	AP 7
	AP 7
	AP 9
	AP 9
	AP 7
	AP 9
	AP 7

	4
	AP 8
	AP 10
	AP 10
	AP 8
	AP 8
	AP 10
	AP 8
	AP 10

	5
	AP 8
	AP 10
	AP 10
	AP 8
	AP 8
	AP 10
	AP 8
	AP 10

	6
	AP 10
	AP 8
	AP 10
	AP 8
	AP 8
	AP 10
	AP 10
	AP 8

	7
	AP 10
	AP 8
	AP 10
	AP 8
	AP 8
	AP 10
	AP 10
	AP 8


      Table B2 eREG-AP association for distributed ePDCCH, AL=16
	eREG Index
	Eight eREGs

	
	m2=0 (BF)
	m2=1 (BF)
	m2=2 (BF)
	m2=3 (BF)
	m2=4 (SD)
	m2=5 (SD)

	0
	AP 7
	AP 8
	AP 9
	AP 10
	AP 7
	AP 10

	1
	AP 7
	AP 8
	AP 9
	AP 10
	AP 7
	AP 10

	2
	AP 7
	AP 8
	AP 9
	AP 10
	AP 7
	AP 10

	3
	AP 7
	AP 8
	AP 9
	AP 10
	AP 7
	AP 10

	4
	AP 7
	AP 8
	AP 9
	AP 10
	AP 9
	AP 8

	5
	AP 7
	AP 8
	AP 9
	AP 10
	AP 9
	AP 8

	6
	AP 7
	AP 8
	AP 9
	AP 10
	AP 9
	AP 8

	7
	AP 7
	AP 8
	AP 9
	AP 10
	AP 9
	AP 8


Table B3 eCCE-AP association for localized ePDCCH
	eCCE Index
	One eCCE
	Two eCCEs
	Four eCCEs

	
	RBn
	RBm
	m1=0 (BF)
	m1=1 (BF)
	m1=2 (SD)
	m2=0 (BF)
	m2=1 (BF)
	m2=2 (BF)
	m2=3 (BF)
	m2=4 (SD)
	m2=5 (SD)

	
	
	
	RBn
	RBm
	RBn
	RBm
	RBn
	RBm
	
	
	
	
	
	

	0
	AP 7
	AP 9
	AP 7
	AP 9
	AP 9
	AP 7
	AP 7
	AP 9
	AP 7
	AP 8
	AP 9
	AP 10
	AP 7
	AP 10

	1
	AP 9
	AP 7
	
	
	
	
	AP 9
	AP 7
	
	
	
	
	
	

	2
	AP 8
	AP 10
	AP 10
	AP 8
	AP 8
	AP 10
	AP 8
	AP 10
	
	
	
	
	AP 9
	AP 8

	3
	AP 10
	AP 8
	
	
	
	
	AP 10
	AP 8
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