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1. Introduction
In RAN1#68 meeting, two WFs were presented and the relation between antenna port and region was discussed [1][2].
In this contribution, we focused on the relation between antenna port and region and we share our view about the relation between antenna port and eREG.

2. The relation between Antenna port and eREG
ePDCCH DMRS
Although several enhancements for ePDCCH DMRS have been proposed [3][4], it is preferable if we can keep the commonality between ePDCCH DMRS and Rel.10 DMRS as much as possible. Therefore, in the analysis in this contribution, we assume the same configuration, e.g. resource element, antenna ports and sequences for ePDCCH DMRS as Rel.10 DMRS.
Assumption 1:

· Rel.10 DMRS is the baseline for ePDCCH DMRS. FFS whether cinit is the same as Rel.11 PDSCH DMRS.
2.1. ePDCCH logical structure
There has been no agreement about ePDCCH’s logical structure. However, one of the typical assumption is that ePDCCH consist of multiple or single eCCE (or CCE) and eCCE (or CCE) consist of multiple eREG as shown in Figure 1 or single eREG as shown in Figure 2. The definition of eCCE and eREG is FFS as of now. 
Assumption 2:

· An ePDCCH consist of multiple or single eCCE (or CCE).

· An eCCE (or CCE) consist of single or multiple eREG.

· The definition of eCCE and eREG is FFS
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Figure 1: One example of ePDCCH structure: eCCE consist of multiple eREG.
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Figure 2: Another example of ePDCCH structure: eCCE consist of single eREG regardless of a distributed or a localized configuration.
The distributed configuration and localized configuration of ePDCCH were agreed in RAN1#67. However, there was no definition of these configurations so far. For distributed configuration, our view is that the common understanding is that frequency diversity is one of the important features.  Several companies’ simulation results and assumptions show that measurable frequency diversity gain can be obtained if eCCE consist of more than four branches [5][6][7].  
Four branches can be achieved via four separated RBs allocation or the combination of two separated RBs and two branches of TxD. However, assuming that TxD modes may not be used, and therefore single antenna port transmission is used we can assume four branches can be achieved by four separated RB allocation typically. In the subsequent discussion we shall consider this as an assumption. .
Thus we can assume that an eREG for a UE is allocated on one of the RB within the above four separated RBs and an eCCE consists of four eREGs in a typical case. Since the number of REs in the ePDCCH is similar to the number of REs in the PDCCH. In this case, the size of each eREG is around 9 REs since the size of eCCE is similar to the size of CCE, i.e. 36REs, in legacy PDCCH. 
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Figure 3: One example of RB allocation for distributed configuration of ePDCCH (A cluster contains one or more RBs)
Assumption 3:

· At least four eREGs per an eCCE in a distributed configuration is assumed to achieve the frequency diversity and each RB is divided into at least four eREGs. In this case, the size of eREG is around 9 REs. Here, we assume the eCCE consists of multiple eREGs and the exact number of eREGs which is included in an eCCE is FFS for localized case etc. 
· In the case of localized configuration, an eCCE consists of continuously allocated eREGs. In the case of distributed configuration, an eCCE consists of multiple eREGs and at least some of them are allocated on the different RBs. 
2.2. Localized/distributed configurations

Even though localized and distributed configurations were agreed in RAN1#67, the configurations can be classified more detail taking into account the use of DMRS.
The following three configurations are considered as typical configurations for ePDCCH.

Config.1-a: Distributed configuration with shared DMRS

Config.1-b: Distributed configuration with non-shared DMRS

Config.2: Localized configuration with non-shared DMRS

Firstly, Configuration 1-a (i.e., Distributed configuration with shared-RS) is used for no-PMI feedback case or Common Search Space. In this case, the same DMRS port is used for demodulating ePDCCH among UEs and TxD (e.g. SFBC etc) or RBF (i.e., Randomized Beam Forming) is expected for obtaining diversity gain. Since quite a few companies request to have diversity gain for one of the configuration of ePDCCH as same as PDCCH, Configuration 1-a is mandatory feature for ePDCCH.

Secondly, Configuration 2 (i.e., Localized configuration with non-shared DMRS) is used with PMI feedback. Since the initial motivation to introduce the ePDDCH was to specify the enhanced DL control signalling by utilizing the beamforming approach and/or CoMP approach which was not allowed in Rel.10 and before, configuration 2 is also important feature for ePDCCH.

Thirdly, Configuration 1-b (i.e., Distributed configuration with non-shared DMRS) is used with PMI feedback. Even though several companies’ simulation results show the slightly better link level performance than configuration 1-a or 2[6], the use case for Configuration 1-b is similar to Configuration 2. Therefore, we believe lower priority should be set to Configuration 1-b than the other two configurations.    
Proposal 1

· Distributed configuration with shared DMRS and localized configuration with non-shared DMRS should be set as higher priority for standardization than distributed configuration with non-shared DMRS.

2.3. Implicit eREG-antenna port allocation for eREG vs. UE-specific antenna port allocation

With the above assumption, we compare the following two alternatives.
Alt.1: Implicit eREG-antenna port allocation [8]

Alt.2: UE-specific antenna port allocation [9] 

For distributed configuration with shared DMRS (i.e., Configuration 1-a) case, it is considered that the fixed antenna port is shared among all the UEs so there is no need to configure the UE-specific antenna port at all.

 It is considered that the configuration of distributed configuration with shared DMRS configure the specific antenna port(s) for a UE by itself. 
Proposal 2
· UE-specific antenna port configuration is not required for shared DMRS configuration since all the UE share the same antenna ports.

Therefore, we will focus on localized configuration with non-shared DMRS case below.
For localized configuration with non-shared DMRS (i.e., Configuration 2) case, one of the arguments was the difference of the UE complexity for channel estimation between two alternatives.

One of the opinions was that if Alternative 1 is specified, a UE has to estimate the channel with four different antenna ports in localized configuration at the time of blind decoding so UE complexity is the issue in alternative 1 as shown in Figure 4-a.   
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	Figure 4-a: An example of Implicit eREG-antenna port allocation (Alt.1)
	Figure 4-b: An example of UE-specific antenna port allocation (Alt.2)


However, if we consider the UE complexity with similar amount of search space as legacy PDCCH, e.g. 6 for aggregation level one, we think there is not much difference between Alt.1 and Alt.2 in terms of channel estimation burden.
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Figure 6: One example of UE-specific search space for a UE in a localized configuration
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Figure 7: UE complexity of channel estimation for blind decoding taking into account the search space in the case of implicit eREG-antenna port allocation (Alt.1)
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Figure 8: UE complexity of channel estimation for blind decoding taking into account the search space in the case of UE-specific antenna port allocation (Alt.2)
For example, if we consider aggregation level one, a UE has to monitor the channel using 2 and 1 antenna port in “PRB pair #1 and #3” and “PRB pair #2 and #4” respectively in alt.1. On the other hand, a UE has to monitor the channel using 1 antenna port in “PRB pair #1, #2, #3 and #4” in alt.2.
Therefore, the difference of channel estimation burden within the system bandwidth between Alt.1 and Alt.2 is equal to the complexity of channel estimation in a PRB pair with two antenna ports. So we believe it is not the serious complexity for UE.
Moreover, in legacy PDCCH, UE has to estimate the channel for system bandwidth, e.g. 110RBs, with 2 or 4 antenna ports using CRS. Comparing the UE complexity for the channel estimation for PDCCH, we think the above channel estimation complexity difference is negligible.

From the above analysis, we think Alternative 1 is better choice for Configuration 1-a and 2 since there is no signalling of UE-specific antenna port configuration.
Observation 2
· The channel estimation complexity for localized configuration with non-shared DMRS is negligible comparing to the channel estimation complexity for legacy PDCCH when the search space is taken into account.
Proposal 3
· UE-specific antenna port configuration is not required for localized configuration with non-shared DMRS configuration to reduce the channel estimation complexity for a UE. 
· The antenna port for localized configuration with shared DMRS is implicitly defined from eREG.

· The number of antenna ports for localized configuration with shared DMRS for a UE is always one.

2.4. The benefit of UE-specific antenna port configuration for distributed configuration with non-shared DMRS

If we assume eREG size is around 9REs, a PRB pair consists of 9-16 eREGs. When distributed configuration is configured, it is assumed that eCCE contains multiple eREGs which are in different PRB pairs. Therefore, we can assume up to 9-16 eCCEs are contained in a PRB pair in distributed configuration. 
When distributed configuration with non-shared DMRS is configured, it is assumed beamforming is performed by utilizing PMI feedback information. It is ideal if different antenna ports can be allocated to each of 9-16 eCCEs in a PRB pair. However, a PRB pair only contains four different antenna ports.   

Therefore, eNB scheduler has to take into account the antenna port restriction when it allocates an eCCE and this antenna port restriction becomes the scheduling restriction in this configuration to select the appropriate precoding vector for a UE. Therefore, UE-specific antenna port configuration may be useful in distributed with non-shared DMRS configuration to relax the eNB scheduling restriction.
Observation 3
· UE-specific antenna port configuration may be useful in distributed configuration with non-shared DMRS to relax the eNB scheduling restriction.

Proposal 4
· The necessity of UE-specific antenna port configuration can be discussed with the support of distributed configuration with non-shared DMRS.
3. The remaining issues for DMRS and others
The antenna port/scrambling sequence blind decoding is one of the remaining issues. From the contributions in the last meeting, the following is the main motivation to introduce it.

Motivation 1: To reduce the complexity of searching the ePDCCH DMRS [10].
Motivation 2: To expand the search space by setting up the relation between ePDCCH DMRS configuration, e.g. antenna port and scrambling sequence information, and the search space [11].
Since the necessity for reducing the complexity of searching the ePDCCH DMRS or expanding the search space is not clear, we should assume the baseline is the Rel.11 PDSCH DMRS.  Even though the Rel.11 PDSCH DMRS support the dynamic selection of initialization values, we do not see the necessity of dynamic selection for ePDCCH DMRS. So we think that semi-static configuration for the initialization value is sufficient.
The exact relation between ePDCCH DMRS configuration and the search space can be studied if the necessity of expanding the search space is confirmed.

Proposal 5:
· The baseline of ePDCCH DMRS is Rel.11 PDSCH DMRS.
· Semi-static configuration for initialization value is the baseline.

· The exact relation between ePDCCH DMRS configuration and the search space can be studied if the necessity of reducing the complexity of searching the ePDCCH DMRS or expanding the search space is confirmed.

4. Conclusion

From the above discussions, Sharp proposes the following.

Proposal 1

· Distributed configuration with shared DMRS and localized configuration with non-shared DMRS should be set as higher priority for standardization than distributed configuration with non-shared DMRS.

Proposal 2
· UE-specific antenna port configuration is not required for shared DMRS configuration since all the UE share the same antenna ports.

Proposal 3
· UE-specific antenna port configuration is not required for localized configuration with non-shared DMRS configuration to reduce the channel estimation complexity for a UE. 

· The antenna port for localized configuration with shared DMRS is implicitly defined from eREG.

· The number of antenna ports for localized configuration with shared DMRS for a UE is always one.

Proposal 4
· The necessity of UE-specific antenna port configuration can be discussed with the support of distributed configuration with non-shared DMRS.

Proposal 5:

· The baseline of ePDCCH DMRS is Rel.11 PDSCH DMRS.
· Semi-static configuration for initialization value is the baseline.

· The exact relation between ePDCCH DMRS configuration and the search space can be studied if the necessity of reducing the complexity of searching the ePDCCH DMRS or expanding the search space is confirmed.
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