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1 Introduction

It has already been agreed that for distributed transmission, each resource element in an EREG is associated with one out of two antenna ports in an alternating manner where 
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 for normal cyclic prefix and  for extended cyclic prefix. However, the details of antenna port association rule for each RE is still FFS and should be finalized at the RAN1#72 meeting.
In this contribution, we provide our considerations on the remaining detail of the antenna port (AP) association rule for distributed EPDCCH.
2 Discussion

According to the agreement, each RE in a given EREG is associated with one of two APs alternately. However, the detailed mapping rule still needs to be determined. It is worth noting that the RE to EREG mapping is defined regardless of whether the other physical signals or channels present or not. Consequently, it should also be defined whether the AP to RE mapping should be made regardless of the presence of colliding signals or channels.

Currently there are some alternatives on the tables:

Alt 1. Each RE in an EREG is associated to one of two APs alternately without considering colliding signals, and the first RE of all EREG is associated to AP107.

Alt 2 [4]. Each RE in an EREG is associated to one of two APs alternately without considering colliding signals, and the first RE of an EREG is associated to AP107 or AP109 (AP108) when EREG index is even or odd respectively.

Alt 3 [3]. Each RE in an EREG is associated to one of two APs alternately without considering colliding signals, and the first RE of the EREG indexed with {0,1,2,3,8,9,10,11} is associated to AP107, while the others associated to AP109 (or AP108 for extended CP).

Alt 4. Each available RE in an ECCE is associated to one of two APs alternately, and the first RE of the first EREG in an ECCE is associated to AP107. In other words, rate matched AP association around the colliding signals is used. 

Alt1 is a simple method to allocate AP for each RE, where the AP association pattern does not depend on the presence of other signals or channels. It may result in imbalance on the number of REs associated to AP107 and AP109 (AP108) respectively, which may decrease a little diversity gain.

In contrary, Alt4 tries to eliminate this AP imbalance, by rate matching each colliding signal when associating the AP for each RE. Although the APs can be evenly distributed, it may significantly increase the processing complexity. Due to this complexity, some other solutions based on Alt 1 are proposed to strive for balance AP association.
Alt2 is one of the methods to balance the AP association in a PRB pair as proposed in [4]. It may to some extent reduce the imbalance issue in some cases, but still cannot eliminate it. Note that a specific ECCE consists from EREG group. According to the Alt2, the AP imbalance in each EREG group actually does not improved in comparison to Alt1.
Alt3 is another method to balance the number of APs for an ECCE [3]. The APs are almost evenly distributed in the scenarios without CSI-RS. If CSI-RS is configured, the imbalance may still exist, e.g. CSI-RS configuration 2, 7 with 8 CSI-RS ports.

Figure 1 shows an example of AP association of each alternative in the scenario configured with 4 CRS ports, 3 symbols for PDCCH, and 8 CSI-RS ports.

Furthermore, we consider three cases as follows:

Case 1) Configured with 4 CRS ports, 3 symbols for PDCCH, 2PRBs for EPDCCH set

Case 2) Configured with 2 CRS ports, 2 symbols for PDCCH, 4PRBs for EPDCCH set

Case 3) Configured with 2 CRS ports, 1 symbol for PDCCH, 2PRBs for EPDCCH set

The numbers of associated AP for all the alternatives are collected in Table 1, Table 2 and Table 3, respectively. As we may expect, Alt 1 has the most severe AP imbalance issue (ratio of associated RE between AP107 and AP109 can be up to 1.62 in Case 1), while Alt 4 can have almost even number of REs associated to the two APs. The other alternatives stand in the middle between them.

We further evaluate the performance of Case 1 and Case 2 as shown in Annex. As shown by the simulation results, the potential gain could be obtained is negligible. Even the most optimal solution (i.e. Alt4) can only provide little gain (0.5dB) over that of Alt1. Such gain seems negligible for other solutions. Therefore, we propose the simplest Alt1 as the pattern for AP association.
Proposal: For distributed EPDCCH transmissions, each RE in an EREG should be associated to one of two APs alternately, without considering colliding signals. The first RE of the EREG is simply associated to AP107.
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Figure 1: Alternatives for AP association with 4 CRS ports, 8 CSI-RS ports and 3 symbols for PDCCH
	Normal CP
	Alt1
	Alt3
	Alt4

	
	Port107
	Port109
	Ratio
	Port107
	Port109
	Ratio
	Port107
	Port109
	Ratio

	w/o_CSI-RS
	4CRS
	14
	9
	1.56
	11
	12
	1.09
	12
	11
	1.09

	w/_CSI-RS
	4CRS
	13
	8
	1.62
	9
	12
	1.33
	11
	10
	1.1


Table 1: Ratio of APs associated in an ECCE for Case1

	Normal CP
	Alt1
	Alt3
	Alt4

	
	Port107
	Port109
	Ratio
	Port107
	Port109
	Ratio
	Port107
	Port109
	Ratio

	w/o_CSI-RS
	2CRS
	15
	12
	1.25
	13
	14
	1.08
	14
	13
	1.08

	w/_CSI-RS
	2CRS
	14
	11
	1.28
	11
	14
	1.28
	13
	12
	1.08


Table 2: Ratio of APs associated in an ECCE for Case2
	Normal CP
	Alt1
	Alt3
	Alt4

	
	Port107
	Port109
	Ratio
	Port107
	Port109
	Ratio
	Port107
	Port109
	Ratio

	w/o_CSI-RS
	2CRS
	16
	14
	1.14
	14
	16
	1.14
	15
	15
	1

	w/_CSI-RS
	2CRS
	15
	13
	1.15
	12
	16
	1.33
	14
	14
	1


Table 3: Ratio of APs associated in an ECCE for Case3
3 Conclusion

In this contribution, we provide our views on the issue of antenna port allocation for distributed EPDCCH. Based on above discussions, we propose that:
Proposal: For distributed EPDCCH transmissions, each RE in an EREG should be associated to one of two APs alternately, without considering colliding signals. The first RE of the EREG is simply associated to AP107.
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5 Annex
Table 4 shows the common configuration for simulation of EPDCCH. Fig A and Fig B show the performance of three alternatives in case1. Fig C and Fig D show the performance of three alternatives in case2. Since the Alt2 has the same association as Alt1 for the EPDCCH, we only provide the simulation results of Alt1.

	Configurations

	Frame Type
	FDD

	System Bandwidth
	5MHz

	Antenna for Tx and Rx
	2*2

	Fading Channel
	EPA, ETU with UE speed 3km/h

	Tx scheme
	Open loop

	Modulation
	QPSK

	DCI Format
	Format 2, 43 bits including 16 bits CRC

	ECCE Aggregation level
	2 ECCEs, 42REs available


Table 4: Simulation assumption for distributed EPDCCH
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Fig A: Results for EPA of Case1
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Fig B: Results for ETU of Case1
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Fig C: Results for EPA of Case2
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Fig D: Results for ETU of Case2
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