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1. Introduction
This contribution discusses 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. 

· The group of REs defined in spatial diversity transmission is 1 RE

· When distributed transmission is used, spatial diversity is used and each RE in a given PRB pair belonging to a given DCI is associated by specification with one of two APs alternately following the eREG mapping (FFS which two APs)  
2.  DMRS port determination
2.1 Distributed transmission
For distributed transmission, it has been agreed that two DMRS ports are used for spatial diversity, but FFS on which two ports. For normal CP subframes, there are two options:
Option-1:  The two ports belong to the same CDM group.
Option-2:  The two ports belong to different CDM groups.
Note: CDM group-1 contains ports {107, 108}, while CDM group-2 contains ports {109,110}.
Comparing to Option-1, Option-2 allows power boosting on the two DMRS ports to provide better channel estimation performance than Option-1. The corresponding simulation results are shown in Figure 1, where 1 dB gain is observed at 1% BLER for AL=4 and AL=8, respectively.
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Figure 1 ePDCCH performance upon different APs ({107,108} vs {107,109}) for AL=4 and 8 
 Proposal 1:  For distributed ePDCCH, the associated DMRS ports belong to different DMRS CDM groups, i.e., either ports {107,109} or ports {108,110}. 
Two further options, as shown in Figure 2, can be considered to specify the two DMRS ports in distributed transmission of ePDCCH.
Option 2-1:  Two DMRS ports in distributed ePDCCH are always ports {107, 109}.  
Option 2-2:  Assume all eREGs per PRB pair are evenly divided into two sets, S1 and S2. If all the REs allocated for one ePDCCH in one PRB pair belong to one set, e.g. S2, APs {108, 110} are used; otherwise, APs {107, 109} are used. One example is shown in Figure 2 with S2 ={2,3,6,7,10,11,14,15}.
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Figure 2 Two-AP assignment for distributed ePDCCH
With Option 2-1, distributed ePDCCH UE has more chance on power boosting. On the other hand, Option 2-2 has lower chance on AP blocking in case the distributed ePDCCH and localised ePDCCH are multiplexed in the same PRB pair.  When there is only one distributed ePDCCH set to be configured, for typical application this distributed set shares PRB pairs with other UE’s distributed set for better resource utilization efficiency. Thus, we prefer to apply Option 2-1 when only one distributed ePDCCH set is configured. When two distributed sets are configured, as  pointed out in [6], one of  the two sets can be the primary set that shares PRB pairs with other UEs’ distributed set.  UE detects both low AL and high AL candidates in this set to improve resource utilization efficiency. UE can  aslo dectect high AL candidates in the secondary set to further reduce the resource blocking probability resulting in the  primary set. For the secondary set, we should consider to optimize the AP blocking probability when a distributed ePDCCH is multiplexes with a localized ePDCCH in the same PRB pair. Therefore, we prefer to apply Option 2-1 to the primary distributed ePDCCH set and Option 2-2 to the secondary distributed ePDCCH set. In summary, 
· If  only one distributed ePDCCH set is configured, the REs in this set associate with AP {107,109}. 

· If  two distributed ePDCCH sets are configured, the REs in the primary distributed set associate with AP {107,109} only; for the REs in the secondary distributed set of  only high aggregation level, if all the assigned REs in one PRB pair belong to a pre-defined set of eight eREGs (e.g. S2 in Figure 2), these REs associate with AP {108,110}, for all other cases, the REs in the secondary distributed set associate with AP {107,109}. 
The above rule is equivalent to the following proposal. 
Proposal 2:   The REs in distrbuted ePDCCH for a given UE associate with AP {108,110} if all of following conditions are met, otherwise the REs associate with AP {107,109}. 

· Two distributed ePDCCH sets are configured to the UE; and
· The REs belongs to the secondary distributed ePDCCH set that indicates only high aggrgation level; and
· All REs allocated in one PRB pair for a distributed ePDCCH set locate in a predefined eREG set that contains eight eREGs.   
2.2 Localized transmission
For localized ePDCCH, each eCCE is associated by specification with one antenna port. When AL>1 and DCI message in localized transmission uses multiple eCCEs in the PRB pair, it is agreed that one AP per PRB pair is selected from the associated APs. Based on the eREG assignments in Figure 2 as well as eCCE-eREG mapping given in [2], the proposed eCCE-AP association is given in Figure 3. The corresponding possibility in port selection among the associated ports is given in the first six columns of Table 1, which can be further formulated as: Given aggregation level AL, the REs in i-th L-eCCE (0≤i<4) associated with k-th DMRS port in the port array of [107 109 108 110], and k is defined by 
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Figure 3 Association between L-eCCE and AP

	DMRS ports selected for i-th L-eCCE (0≤i<4)
	Control mechanism for port selection

	
	
	i=0
	i=1
	i=2
	i=3
	RRC with two param.
	RRC with one param.
	RNTI-based

	AL=1
	
	107
	109
	108
	110
	
	
	

	AL=2
	mapping  #1
	107
	108
	m1=0
	m={0,2}
	RNTI mod 2=0

	
	mapping  #2
	109
	110
	m1=1
	m={1,3}
	RNTI mod 2=1

	AL=4,8
	mapping  #1
	107
	m2=0
	m=0
	RNTI mod 4=0

	
	mapping  #2
	109
	m2=1
	m=1
	RNTI mod 4=1

	
	mapping  #3
	108
	m2=2
	m=2
	RNTI mod 4=2

	
	mapping  #4
	110
	m2=3
	m=3
	RNTI mod 4=3


Table 1 AP selection for localized ePDCCH 
1) The RRC-based port selection can be controlled by either two RRC parameters or just one parameter. 
· In case of two parameters, 
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· In case of one parameter, 
[image: image9.wmf](

)

(

)

(

)

8

4

2

=

=

=

=

=

=

AL

AL

AL

m

m

m

m

∈{0,1,2,3}.
Compared to one parameter,  the two parameters offers more flexibility on port selection, for example, allowing port 107 for AL=2 and meanwhile port 109 for AL=4, or vice versa. Such flexibility makes the port selection independent from search space configuration. 
2) For the RNTI-based selection, 
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 for all AL. It can be seen that, once configured, RNTI based selection behaves in the same way as port selection based on one RRC parameter. However, C-RNTI based selection has less capability in interference coordination, simply because two UEs at TP-edge may very likely have their C-RNTI-derived AP collide with each other, and interference coordination is typically not the criteria  in RNTI assignment which takes place in higher layer. On the other hand, the UE-specific configuration can easily avoid such collision with appropriate AP associations. 
Proposal 3: Adopt the L-eCCE-to-AP association in Table 1, with one or two RRC configured parameters. 
3. Conclusions
This contribution is summarized with following proposals.
Proposal 1:  For distributed ePDCCH, the associated DMRS ports belong to different DMRS CDM groups, i.e., either ports {107,109} or ports {108,110}. 
Proposal 2:   The REs in distrbuted ePDCCH for a given UE associate with AP {108,110} if all of following conditions are met, otherwise the REs associate with AP {107,109}. 

· Two distributed ePDCCH sets are configured to the UE; and

· The REs belongs to the secondary distributed ePDCCH set that indicates only high aggrgation level; and

· All REs allocated in one PRB pair for a distributed ePDCCH set locate in a predefined eREG set that contains eight eREGs.   
Proposal 3: Adopt the L-eCCE-to-AP association in Table 1, with one or two RRC configured parameters. 
References

[1] Chairman's Notes RAN1#69 #70
[2] R1-124199, Remaining details of eCCE to eREG mapping, ZTE

[3] R1-120076, On Reference Signal design for enhanced control channels, Ericsson/ST-Ericsson

[4] R1-121453, Details of Reference Signals for E-PDCCH, LG Electronics

[5] R1-121570, Reference signals for e-PDCCH, Qualcomm Inc.
[6] R1-124813, Discussion on aggregation levels and BD split for ePDCCH, ZTE
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 spatial diversity

	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
	PUCCH Mode 1-0
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