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1
Introduction
For distributed EPDCCH, in 36.211, it says:

· 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 extended cyclic prefix.

However, the exact details for the alternating antenna port association are still open. In this contribution, we share our views on the details of antenna port association for distributed EPDCCH.
2
Discussion
In 36.211, it says:

· 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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However, the exact details for the alternating antenna port association are still open. Generally speaking, there are two design alternatives:
· Alt 1: Alternating among nominal REs
· Alt 2: Alternating among available REs to an EPDCCH.

For Alt 1, the alternating of antenna port association is performed over a set of REs regardless of whether some of the REs are used by other signals or not (e.g., CRS, CSI-RS, legacy control, etc.). Within this approach, it is also possible to have the following sub-alternatives:

· Alt 1.1: Alternating among nominal REs on a per REG basis

· Alt 1.2: Alternating among nominal REs on a per PRB pair basis

· Alt 1.3: Alternating among nominal REs on a per EPDCCH basis

To better illustrate the differences among the three options, consider an example where a level-1 distributed EPDCCH is transmitted using 2 PRB pairs, using EREGs 0 and 8 in PRB pair 0 and EREGs 4 and 12 in PRB pair 1. The three sub-alternatives would imply the following antenna port association (assuming antenna ports 107 and 109):
· Alt 1.1:

· PRB pair 0, EREG 0: 107, 109, 107, 109, 107, 109, 107, 109, 107

· PRB pair 0, EREG 8: 107, 109, 107, 109, 107, 109, 107, 109, 107

· PRB pair 1, EREG 4: 107, 109, 107, 109, 107, 109, 107, 109, 107

· PRB pair 1, EREG 12: 107, 109, 107, 109, 107, 109, 107, 109, 107

· Alt 1.2:

· PRB pair 0, EREG 0: 107, 109, 107, 109, 107, 109, 107, 109, 107

· PRB pair 0, EREG 8: 109, 107, 109, 107, 109, 107, 109, 107, 109

· PRB pair 1, EREG 4: 107, 109, 107, 109, 107, 109, 107, 109, 107

· PRB pair 1, EREG 12: 109, 107, 109, 107, 109, 107, 109, 107, 109

· Alt 1.3

· PRB pair 0, EREG 0: 107, 109, 107, 109, 107, 109, 107, 109, 107

· PRB pair 0, EREG 8: 109, 107, 109, 107, 109, 107, 109, 107, 109

· PRB pair 1, EREG 4: 107, 109, 107, 109, 107, 109, 107, 109, 107

· PRB pair 1, EREG 12: 109, 107, 109, 107, 109, 107, 109, 107, 109

Note that in this example there is no difference between Alt 1.2 and Alt 1.3. Generally speaking, although there can be differences in antenna port association  between Alt 1.2 and Alt 1.3, it may not have any performance impact since  precoding cycling is done on a per PRB pair basis. 

Comparing Alt 1.1 and Alt 1.2/1.3, Alt 1.2 and Alt 1.3 result in more balanced antenna association. In particular, 

· Alt 1.1: 10 REs associated with port 107 and 8 REs associated with port 109 in each PRB pair
· Alt 1.2 and Alt 1.3: 9 REs associated with each antenna port in each PRB pair

Similarly, for Alt 2, there can be three sub-alternatives as well:

· Alt 2.1: Alternating among available REs to the EPDCCH on a per REG basis

· Alt 2.2: Alternating among available REs to the EPDCCH on a per PRB pair basis

· Alt 2.3: Alternating among available REs to the EPDCCH on a per EPDCCH basis

Again, it can be expected that depending on the presence of other signals, Alt 2.2 and Alt 2.3 can bring more balanced antenna port associations compared with Alt 2.1. The following table shows one example for a level-2 distributed EPDCCH. It is assumed that the subframe is a non-MBSFN and non-CSI-RS subframe along with normal CP, 2 control symbols, and 2 CRS ports with frequency shift of 0. The EPDCCH is assumed to be transmitted in a 4-PRB-pair EPDCCH resource set using EREG group #0 (EREGs 0, 4, 8, and 12), i.e.,
· PRB pair #0: EREGs 0 and 12

· PRB pair #1: EREGs 4 and 0

· PRB pair #2: EREGs 8 and 4

· PRB pair #3: EREG 12 and 8

As can be seen from this example:
· PRB pair based (vs. EREG based) alternating antenna port association brings more balanced antenna port association 
· E.g., in PRB pair #1, Alt 1.1 results in 8 REs associated with port 107 and 5 REs associated with port 109, while Alt 1.2 results in 7 REs with 107 and 6 REs with 109.
· Availability (vs. nominal)-RE based alternating antenna port association brings more balanced antenna port association
· E.g., in PRB pair #0, Alt 2.2 results in 7 REs associated with each port, while Alt 2.1 results in 8 REs with 107 and 6 REs with 109.

Table 1 One Example of Imbalance in Antenna Port Association 

({x0, x1}, {x2, x3}, …} represents the number of REs for ports 107/109 in PRB pair #0, #1, …, respectively) 
	
	Alt 1.1
	Alt 1.2
	Alt 2.1
	Alt 2.2

	# of REs per antenna port
	{{8, 6}, {8, 5}, {7, 6}, {7, 7}}
	{{8, 6}, {7, 6}, {7, 6}, {7, 7}}
	{{7, 7}, {7, 6}, {7, 6}, {7, 7}}
	{{7, 7}, {7, 6}, {7, 6}, {7, 7}}


To study the benefits of excluding REs for other signals from antenna port association for distributed EPDCCH, simulations were performed. In particular, a level 4 distributed EPDCCH transmission with DCI format 1A, assumed to be 43 bits, spanning 4 PRB pairs was considered. With a 2x2 antenna configuration and 2 control symbols, a total of 108 REs/PRB pair is available for EPDCCH, resulting in a total of 216 REs for a level 4 EPDCCH transmission. Antenna port association excluding other signals would result in an even split of REs between the associated antenna ports. For other possible antenna association schemes, different amount of imbalance may happen. As can be observed, performance degradation is noticeable – at ~25% imbalance, the performance loss due to imbalance in antenna port association is around 0.2 to 0.3dB.
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Figure 5 Performance comparison between balanced and unbalanced antenna association for distributed EPDCCH, ETU 3km/h

Note also that while EREG/ECCE definition is based on nominal REs, EPDCCH rate matching is performed based on available REs. As a result, there is no meaningful difference in complexity among the design alternatives discussed earlier.

Therefore, we propose:

· Proposal 2: The association of antenna port for a distributed EPDCCH is alternated over all the REs available to the EPDCCH (i.e., excluding the REs occupying by other signals) on a per PRB pair basis. 

Accordingly, the sentence in 36.211 can be updated as:
· For an EPDCCH of distributed transmission, each resource element in an EREGPRB pair available to the EPDCCH is associated with one out of two antenna ports in an alternating manner where 
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3
Conclusions 

In this contribution, we investigated some details on antenna port association for distributed EPDCCH. It was observed that alternating antenna port association based on available REs on a per PRB pair basis can bring more balanced antenna port association and hence improved EPDCCH performance. Thus, it is proposed that:

· The association of antenna port for a distributed EPDCCH is alternated over all the REs available to the EPDCCH (i.e., excluding the REs occupying by other signals) on a per PRB pair basis

Accordingly,  36.211 can be updated such that:

· For an EPDCCH of distributed transmission, each resource element in an EREGPRB pair available to the EPDCCH is associated with one out of two antenna ports in an alternating manner where 
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