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1 Introduction

In RAN1#69, antenna port(s) determination for transmission of localized and distributed ePDCCH was discussed, and significant progress was achieved. For instance, it was agreed that in localized allocation, each eCCE index is associated by specification with one antenna port. However, some details remain to be specified. For instance, the AP to eCCE mapping is partly UE-dependent, but the exact mechanism has not been defined. Also, for the case of extended CP, there is some remaining work on this topic. Similarly, for distributed transmission, a working assumption was adopted that at least if spatial diversity is used, each eREG/RE index is associated by specification with one antenna port. However, the details still need to be specified.
In this contribution, we provide detailed antenna port(s) (AP) mapping, covering both the AP to eCCE association for localized ePDCCH and AP to eREG association for distributed ePDCCH.
2 AP association for distributed ePDCCH
For distributed ePDCCH, both frequency and spatial diversity gains are necessary to get robust ePDCCH transmission. For narrowband or flat fading cases, frequency diversity gain is generally limited. Thus, spatial diversity gain is a good complement to frequency diversity. If one ePDCCH is mapped onto more than one eREGs in one PRB pair, spatial diversity gain can be obtained by performing eREG-level beamforming. Therefore, for distributed ePDCCH, spatial diversity in one PRB pair is necessary. 

In one PRB pair, at most 4-order spatial diversity gain is available when APs 107~110 are used. However, if only two APs are used in one PRB pair, one being selected from AP 107 and 108, and the other being selected from AP 109 and 110, there is a 3dB DMRS power boosting.  Thus, two association solutions with multiple APs in one PRB pair are:

· Alt.1: 2 APs in one PRB pair (One being 107 or 108, the other being 109 or 110)
· Alt.2: 4 APs in one PRB pair
In [1], a performance comparison of Alt.1 and Alt.2 shows that Alt.1 is better than Alt.2 considering the tradeoff of spatial diversity gain and channel estimation performance. Thus, for distributed ePDCCH, spatial diversity using 2 APs in one PRB pair, i.e., Alt 1 should be supported.
Two APs that are FDM in one PRB pair are used for distributed ePDCCH, for example, AP 107 and 109. In order to mitigate inter-cell interference, AP 108 and 110 can be configured in another cell. Considering the requirement of frequency diversity order for distributed ePDCCH, it is reasonable to divide one PRB pair into 8 or 16 eREGs. Figure 1a REF _Ref330322102 \h 
 shows that 4 eREGs are associated with AP 107 and another 4 eREGs with AP 109 for the case of 8 eREGs. It is similar in Figure 1b REF _Ref330322102 \h 
 for the case of 16 eREGs. The AP associated with eREG index can be determined as following:
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Proposal 1: For distributed ePDCCH, two APs which are FDM are used in one PRB pair to achieve spatial diversity gain.
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Figure 1. AP association for distributed ePDCCH
3 AP association for localized ePDCCH
For localized ePDCCH, one eCCE is associated with one AP. For normal CP, there are 4 APs in one PRB pair, and 2 for extended CP case. In this section, we will discuss the AP association for these two cases. 
3.1 AP association for normal CP case
Four or fewer eCCEs are available in one PRB pair. For one example, 2 and 4 eCCEs per PRB pair will be assumed. (The extension to 3 eCCEs is straightforward.)
Figure 2 REF _Ref329618171 \h  \* MERGEFORMAT Error! Reference source not found. shows an example of AP association in case of 4 eCCEs. For aggregation level (AL) 1, each eCCE is associated with one AP. For a higher aggregation level, an ePDCCH is mapped onto multiple eCCEs but only one AP is used for the ePDCCH demodulation, as agreed in RAN1#69. As also agreed, the AP to eCCE mapping is UE-specific to provide some scheduling flexibility, and possibly support for transparent MU-MIMO. The parameter C-RNTI can provide an easy UE-specific AP to eCCE mapping. Possibly, to provide even more flexibility, the AP to eCCE mapping could be overridden by RRC signaling.
Proposal 2: The AP to eCCE mapping uses C-RNTI by default.
In addition, it may be useful to include the aggregation level L for determining which AP to use: For instance, if the starting positions on the physical resource of ALs 4 and 8 are same, it is possible that the UE decodes an ePDCCH of AL8 with the first 4 eCCEs successfully. This causes an ambiguity, since the UE will assume that the ePDCCH occupies 4 eCCEs instead of 8, and that the remaining 4 eCCEs may be occupied by PDSCH. This can be avoided by separating the APs used for ALs 4 and 8. The problem may also happen between ALs 2 and 8. All of these can be solved by separating the APs used for ALs 2, 4 and 8. As shown in Figure 2 REF _Ref329618171 \h Error! Reference source not found. \* MERGEFORMAT , AP 107 or AP 109 is used for AL 2, AP 108 is used for AL 4, and AP 110 is used for AL 8 for UE1. For UE 2, another AP setting is used in which the APs used for ALs 2, 4, and 8 are different, too. Also, for ALs 2, 4 and 8, the APs used for UE1 and UE2 are different to support transparent MU-MIMO. The index of AP configuration can be determined as following:
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Figure 2. AP association for localized ePDCCH in case of 4 eCCEs per PRB pair
For AL1 in the case of 2 eCCEs, the two eCCEs are associated with APs 107 and 109, respectively, or APs 108 and 110 for another UE. Similar to the case of 4 eCCEs, the AL ambiguity may happen between ALs 2, 4 and 8. The AP association is designed as illustrated in Figure 3 REF _Ref329619350 \h 
 \* MERGEFORMAT . 
Proposal 3: For localized ePDCCH, the APs associated with ALs 2, 4 and 8 for one ePDCCH should be different.
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Figure 3. AP association for localized ePDCCH in case of 2 eCCEs per PRB pair
3.2 AP association for the extended CP case
For the extended CP case, only APs 107 and 108 are available in one PRB pair. Therefore, antenna port association for ePDCCH should be modified for the extended CP. In this section, three options of the AP association are discussed.
· Option 1: As shown in Figure 4, two eCCEs are associated with one AP for AL 1. This results in AP blocking if the 4 eCCEs are allocated to 4 different ePDCCH.
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Figure 4. An example of option 1
· Option 2: As shown in Figure 5 REF _Ref330316766 \h 
 \* MERGEFORMAT , two new APs are introduced and named new AP 109 and 110 for example. The problem of AP shortage is solved, but the design and evaluation of new antenna ports will introduce a huge work in Rel-11. 
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Figure 5. An example of option 2
· Option 3: As shown in Figure 6 REF _Ref330317186 \h 
 \* MERGEFORMAT , different scrambling sequences in addition to AP 107 and 108 are introduced to provide 4 different RS for channel estimation. The design is similar as the RS used in PDSCH MU-MIMO transmission, which has been evaluated in Rel-10.
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Figure 6. An example of option 3
The above three options are examples for ePDCCH localized transmission. The same principle can also apply to ePDCCH distributed transmission easily. The trade-off analysis on the above options is shown in Table 1. Based on trade-off analysis, our preference is option 3.
Table 1 Trade-off analysis on option 1, 2, 3

	
	Option 1
	Option 2
	Option 3

	Association definition
	circularly
	Reuse association in 4 APs case
	Reuse association in 4 APs case

	Impact on eCCE definition
	No
	No
	No

	Impact on Antenna ports 
	No
	Yes
	No

	Impact on scrambling sequence selection
	No
	No
	Yes

	Impact on the scheduler due to the antenna port blocking issue
	Yes
	No
	No


Proposal 4: For the extended CP case, the ePDCCH is associated to antenna port and scrambling sequence.

4 AP association for localized ePDCCH supporting spatial diversity 
The previous section described a case where a localized ePDCCH uses only one antenna port. However, using more than one antenna port is beneficial in achieving robust transmission of an ePDCCH. For example, if there is no CSI feedback available or if CSI feedback is not reliable, an ePDCCH can still be transmitted over multiple antenna ports using different spatial precoding vectors and thus can benefit from diversity gain. Moreover, when the potential frequency diversity gain is quite limited in some scenarios, such as narrow bandwidth systems or frequency non-selective channels, it is also desirable to exploit spatial diversity gain for the ePDCCH. Considering the specification effort and performance gain, random beamforming is a suitable candidate. 

If a localized ePDCCH is formed by aggregating several groups of resource elements, where each group of resource elements is associated with one antenna port and precoded with different precoding vector, spatial diversity gain can be achieved for localized transmission. As an example in Figure 7, the association between the groups of resource elements and antenna ports for a localized ePDCCH is shown. One eCCE might consist of several groups of resource elements. In Figure 7, one eCCE is formed by 4 groups of resource elements. In order to alleviate ePDCCH blind detection complexity, each group of resource elements can always be associated with one specific antenna port regardless of the used aggregation level. As in this scheme, channel estimation and ePDCCH detection on each group of resource elements is performed only once for an ePDCCH during its blind detection. 
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Figure 7. Association between groups of resource elements and antenna ports for a localized ePDCCH using multiple antenna ports (different colors for different antenna ports).
The performance gain that can be achieved using spatial diversity for localized ePDCCH in absence of CSI feedback for different scenarios are shown and discussed in detail in the companion contribution [1].
Proposal 5: Support localized ePDCCH transmission over multiple antenna ports, where each group of resource elements is associated with an antenna port regardless of the used aggregation level.
5 Conclusion
In this contribution, we discuss antenna port(s) determination for ePDCCH. Our proposals are summarized below:

· Proposal 1: For distributed ePDCCH, two APs which are FDM multiplexed are used in one PRB pair to achieve spatial diversity gain.
· Proposal 2: The AP to eCCE mapping uses C-RNTI by default.
· Proposal 3: For localized ePDCCH, the APs associated with AL 2, 4 and 8 for one ePDCCH should be different.
· Proposal 4: For extended CP case, the ePDCCH is associated to antenna port and scrambling sequence.
· Proposal 5 Support localized ePDCCH transmission over multiple antenna ports, where each group of resource elements is associated with an antenna port regardless of the used aggregation level.
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