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Discussion and decision
1. Introduction
The following overall agreements are available impacting DM-RS port association for EPDCCH transmission [1,2,3]: 
Agreement from RAN1#68bis
· At least for localized 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 signaling, UE ID, etc.)

Additional agreement on localized allocation from RAN1#69:

· 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. 

Additional working assumption on distributed allocation from RAN1#69:
· 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.

Additional agreements on spatial diversity for EPDCCH have been reached RAN1#69 as follows
· 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

· Distributed transmission should be supported also for aggregation level 1
Agreement from RAN1#70: 

· 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)  

Moreover, there has been made some progress in RAN1#70 with respect to the eCCE definition for localized transmission in a way that:

· 2 eCCEs / PRB pair are available for extended CP

· 2 or 4 eCCEs / PRB pair are available for normal CP depending on the number of available EPDCCH REs.

In this contribution we present our proposal on the final details of antenna port association taking the following aspects into account:
· Antenna port “blocking” in general including 

· multiplexing possibility of spatial diversity and non-spatial diversity operation within a PRB pair

· multiplexing possibilities for UE transparent MU-MIMO
· no additional blocking due to antenna port availability as compared to blocking due to search space overlap

· UE complexity

2. AP association for spatial diversity

At RAN1#70, there has been a decision that spatial diversity transmission is to be used with distributed EPDCCH transmission. So far, there has been no decision available if spatial diversity transmission within a PRB is also enabled for localized EPDCCH transmission. 

Agreement from RAN1#70: 

· 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)  

As a consequence, we handle here the spatial diversity transmission in general – which is applicable for distributed EPDCCH transmission and potentially also for localized EPDCCH transmission. The only remaining decision left is which two APs are to used. 

2.1 AP association for spatial diversity (extended CP)

Needing to support spatial diversity transmission and having only two DM-RS ports available, there is actually only a single solution possible as such – namely having 2 groups, where the first group is mapped to p107 and the second group is mapped to p108 correspondingly. 

Proposal 1: For spatial diversity transmission using extended CP, a fixed group-to-antenna mapping of the DM-RS port pair {p107,p108} is to be applied.

2.2 AP association for spatial diversity (normal CP)

Whereas for extended CP the antenna port association as such for extended CP with having only 2 ports available will be rather straightforward, in case of normal CP several different approaches are possible. During the discussions at RAN1#70, there have been the proposals of either having [p107,p109], [p107,p108] and [p108,p110] as options on the table. 
From operation point of view, we do not see any difference between the options [p107,p109] and [p108,p110] which both allow for full antenna port power boosting for distributed allocation. In contrast, the option of [p107,p108] does not enable this option. As a consequence, we prefer the options [p107,p109] or [p108,p110] as such – and for simplicity, suggest to use the “lower antenna port numbers” [p107,p109] here. 
Consequently we make the following general proposal applicable for localized and distributed allocation:

Proposal 2: For spatial diversity transmission using normal CP, a fixed group-to-antenna port mapping of the DM-RS port pair {p107,p109} is to be applied. 

There has been already the decision of having a 1RE level grouping for spatial diversity at RAN1#70. This means, that within each eREG, there is a 1 RE level granularity in terms of grouping, in way that within each eREG, the grouping will look like [g0,g1,g0,g1,g0,g1,g0,g1,g0] for normal CP (9 REs / eREG) and [g0,g1,g0,g1,g0,g1,g0,g1] for extended CP (8 REs/eREG) in increasing time for the two groups g0 and g1.

The mapping to to the antenna ports based on the two proposals above will therefore be given by the following table:

	Group Number
	g0
	g1

	AP for normal CP
	p107
	p109

	AP for extended CP
	p107
	p108


3. AP association for beamforming

As a fact of having 4 DM-RS ports are available for normal CP and but only 2 ports for extended CP and having a potentially different number of eCCEs in a PRB pair (2 or 4 for normal CP, 2 for extended CP), the antenna port mapping has to be considered separately. 

3.1 AP association for beamforming (normal CP)
Based on the agreements from RAN1#70 for normal CP, we either have 2 or 4 eCCEs available in PRB pair depending on the number of available EPDCCH REs. As 4 antenna ports are available in principle for this operation, we handle the two cases separately. 
3.1.1 AP association for beamforming (normal CP and 4 eCCEs/PRB pair)

First let us consider the case of 4 logical/localized eCCEs in a PRB pair we present the logical eCCE structure of EPDCCH in Figure 1. 
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Figure 1: Up to 4 eCCEs to be multiplexed within a single PRB pair, allocation units (AU) 4 to 6 denote aggregated eCCEs

As agreed, for localized allocation/transmission there is a direct association of eCCE index to AP and for no aggregation, we can easily derive a simple one-to-one mapping in here shown in Table 1:

	eCCE/AU number
	DM-RS antenna port

	0
	p107

	1
	p108

	2
	p109

	3
	p110


Table 1: AP to eCCE association for localized beamforming operation for a DCI contained within a single localized eCCE

Based on this simple association, there is no antenna port blocking possible for localized transmission. In case a DCI message uses multiple eCCEs in the PRB pair, one AP per PRB pair is to be selected among the associated APs and used for EPDCCH demodulation. In Figure 2 a&b we present two possible solutions that could be thought of. 
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	p107/p108/p109/p110 based on C-RNTI:
p=107+mod(C-RNTI,4)
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Figure 2: Two options for association of DM-RS antenna ports for DCIs covering more than one eCCE for 4 eCCEs/PRB pair – (a) example one-to-one mapping and (b) selection based on C-RNTI for aggregated eCCEs.
Looking at the example one-to-one mapping in Figure 2a, where the first antenna port of the aggregated eCCEs is used, there is no antenna port “blocking” restriction as such. But there are limited (transparent) MU-MIMO scheduling options, as MU-MIMO is only possible through a combination of aggregation levels, e.g.: AU6/AL=4 with AU5/AL=2 as well as AU4/AL=2 with AU1/AL=1

In contrast to Fig. 2a, the structure of Figure 2b is also free of antenna port blocking restrictions but has some improved MU-MIMO scheduling options as compared to Figure 2a. The structure in Figure 2a also enables also MU-MIMO scheduling for the same aggregation levels, as there is not a one-to-one antenna port mapping present for higher aggregation levels.
Considering this advantage, we prefer the structure of Figure 2b, having a C-RNTI based antenna port mapping for aggregation levels AL>1 among the associated APs of the underlying eCCEs. 
3.1.2 AP association for beamforming (normal CP and 2 eCCEs/PRB pair)

In case of having 2 logical eCCEs per PRB pair and 4 AP available as such and given the RAN1#69 decision 

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

again there are several options available similar to the spatial diversity transmission of the distributed EPDCCH transmission in section 2. 
· p107 & p109

· p108 & p110

· p107 & p108

The same advantages and disadvantages of the 3 options are available with respect to power boosting as discussed for the distributed spatial diversity transmission in Sec. 2. We therefore also think for this operation, that the selection of the antenna port pair [p107,p109] would be the best solution there in the end for aggregation level 1.

For the higher aggregation levels, again as in Sec. 3.1.1 we propose the C-RNTI based antenna port selection among the associated APs of the underlying eCCEs. Therefore, our related proposal can be illustrated as shown in Figure 3. 

	p107 or p109 based on C-RNTI:
p=107+2*mod(C-RNTI,2)

	p107
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Figure 3: DM-RS antenna port association for 2 eCCEs/PRB pair and normal CP
3.2 AP association for beamforming (extended CP)

As decided at RAN1#70 2 eCCEs are contained within a single PRB pair and based on the decision from RAN1#69bis, the one-to-one AP association should be supported for the eCCE. As only two antenna ports are available anyhow, the same procedure as for the normal CP PRB pairs containing 2 eCCEs can be used – but of course the mapping needs to operate using p7 and p8, as illustrated in Figure 4.  

	p107 or p108 based on C-RNTI:
p=107+mod(C-RNTI,2)
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Figure 4: DM-RS antenna port association for extended CP in localized EPDCCH allocation
Summarizing the proposal made in the previous subsections on beamforming, we make the following two combined proposals for antenna port association:

Proposal 3: For non-spatial diversity transmission where the DCI message is contained within a single (logical) eCCE, an implicit one-to-one mapping is to be applied using 

· [p107,p108,p109,p110] for normal CP case with 4 eCCEs / PRB pair

· [p107,p109] for normal CP case with 2 eCCEs / PRB pair

· [p107,p108] for extended CP

Proposal 4: For non-spatial diversity transmission where the DCI message uses multiple (logical) eCCEs in the PRB pair, the selection of the single AP per PRB pair among the associated APs of the underlying eCCEs is done based on C-RNTI. 

4. Conclusions
In this contribution, we discuss the remaining issues on antenna port mapping for EPDCCH. Based on this observation and the discussions related to antenna port association for EPDCCH in here lead to the following proposals on the final design of antenna port association:
· Proposal 1: For spatial diversity transmission using extended CP, a fixed group-to-antenna mapping of the DM-RS port pair {p107,p108} is to be applied.
· Proposal 2: For spatial diversity transmission using normal CP, a fixed group-to-antenna port mapping of the DM-RS port pair {p107,p109} is to be applied. 
· Proposal 3: For non-spatial diversity transmission where the DCI message is contained within a single (logical) eCCE, an implicit one-to-one mapping is to be applied using 

· [p107,p108,p109,p110] for normal CP case with 4 eCCEs / PRB pair

· [p107,p109] for normal CP case with 2 eCCEs / PRB pair

· [p107,p108] for extended CP
· Proposal 4: For non-spatial diversity transmission where the DCI message uses multiple (logical) eCCEs in the PRB pair, the selection of the single AP per PRB pair among the associated APs of the underlying eCCEs is done based on C-RNTI. 
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