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1. Introduction
In RAN1#67, RAN1 discussed how to multiplex the enhanced physical downlink control channel (ePDCCH). Although no agreements were obtained, the following was proposed by RAN1 chairman. 
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In this contribution, partitioning of a PRB pair and eCCE structures are discussed.
2. Discussion
2.1. Usage of UERS within a PRB pair

Rel-10 UE-specific RS (UERS) was designed on the assumption that channel estimation would be processed with respect to each PRB pair. Therefore, it was pointed out that Rel-10 UERSs within a PRB pair should be used together so as to obtain sufficient performance of the channel estimation [1][2]. Furthermore, one of the main motivations for introducing ePDCCH is capacity enhancement of physical control channels. Some UEs have to use ePDCCH to replace legacy PDCCH since the capacity of legacy PDCCH is insufficient for serving all UEs in new deployments such as CoMP and carrier aggregation (CA) with more than two component carriers. This means that the ePDCCH has to achieve BLER performance equal to that of the PDCCH in various situations. For instance, ePDCCH should be designed to maintain the connection even with the high mobility UE. As a result of the foregoing, UERS distributed within a PRB pair that is allocated for transmission of one or more parts of an ePDCCH should be used for demodulation of the parts of the ePDCCH..

Thus, we believe the baseline should be that a UE use all the UERS distributed within a PRB pair with a specific antenna port for demodulation of one or more parts of ePDCCHs in the PRB pair.

Proposal 1:

It should be the baseline that a UE uses all the UERS distributed within a PRB pair with a specific antenna port for demodulation of one or more parts of ePDCCHs in the PRB pair.
2.2. The number of supported REs in an ePDCCH for a UE
The number of REs within an enhanced control channel element (eCCE) for a UE is one of the significant issues on design of ePDCCH. The number of supported REs for a UE in a Rel-8 PDCCH (i.e. the number of REs in aggregated CCEs for a UE) was decided taking into account the coverage performance and the overhead based on the number of bits in downlink control information (DCI) format. We think the number of supported REs in an ePDCCH should be discussed and we should decide the number, e.g. similar to that in PDCCH, taking into account the coverage performance and the number of bits in DCI format in Rel-11.
Regarding the coverage performance, RAN1 agreed that one of the motivations for introducing the ePDCCH is to support CA with more than three CCs, new carrier type and MIMO transmission as well as CoMP. Hence, coverage performance of ePDCCH should be the same as PDCCH. For example, if operators start to provide a service on a new carrier type with the same eNB deployment as Rel-10 eNB, the coverage performance of ePDCCH should be the same as PDCCH. Otherwise cell coverage of Rel-11 becomes smaller than of Rel-10. Therefore, if the payload size of DCI format in Rel-11 is assumed to be the same as Rel-10, the maximum number of supported REs in an ePDCCH has to be almost 288, which is the same as that in a legacy PDCCH.
Regarding the number of bits in DCI formats, DCI format 2 and 2C, which are supported in Rel.8-10, support the spatial multiplexing with two codewords and link/rank adaptation. DCI format 2 supports rank 4 as maximum and includes precoding-associated information using TPMI and precoding confirmation fields. Meanwhile, the number of bits in DCI format 2C is slightly smaller than that in DCI format 2 though the supported rank becomes eight. This is because precoding-associated information is no longer necessary in transmission mode 9 due to introducing UERS. In Rel-11, transmission mode 4 and/or 9 will be available. Even if a new transmission mode is introduced in Rel.11 or later, it is assumed to be supported with up to two codewords and the demodulation with UERS. In addition, format 0/1A , which have smaller size, have to be supported in Rel-11 so that fallback is available. 
From the above discussion, we think the number of bits in DCI formats in Rel.11 is similar to that in Rel.8-10 and the required coverage performance in Rel.11 is also similar to that in Rel.8-10. Therefore, the minimum and maximum numbers of REs in an ePDCCH for a UE should be similar to those in PDCCH, i.e. 36 and 288 respectively.
Proposal 2:

· The number of REs in an aggregated eCCE for a UE in ePDCCH should be similar to that in PDCCH, i.e. from 36 REs and up to288 REs.
2.3. Partitioning of a PRB pair
It has been proposed that each PRB pair is divided into four regions in the frequency domain and each of multiple ePDCCHs for different UEs are mapped to each of the regions, i.e. FDM among regions [3][4]．It has been also proposed that each PRB pair is divided in the time domain similarly to R-PDCCH and each of multiple ePDCCHs for different UEs are mapped to each of the regions, i.e. TDM/FDM among regions [5][6]. In our view, some of the topics on the partitioning of PRB pair and the multiplexing with PDSCH, e.g. the usage of UERS, have been discussed jointly so far. However, we believe these topics, however, should be discussed separately each other.
Observation:

Partitioning of a PRB pair can be designed independently of the usage of UERS.

As discussed in subsection 2.1, the UERS should be utilized across the slots. In this case, the following structures can be considered
Option 1: FDM among regions.

Option 2-a: TDM/FDM among regions. (TDM splitting at the slot border)
Option 2-b: TDM/FDM among regions. (TDM splitting at configurable border)

In Option 1, a PRB pair is divided into the several regions in the frequency domain and each of the regions is a component of ePDCCH. For example, a PRB pair becomes partitioned into four regions as shown in Figure 1. When the number of regions within a PRB pair is up to four, each region can be demodulated by using either one of the four orthogonal antenna ports 7-10. If no CRS and no PDCCH are assumed, the number of REs in each region is 34 or 38 which is almost same as 36 in the legacy CCE (See the table in the Annex A for details). However, in the case that CRS or PDCCH exists, the number of REs in each region is possibly much smaller than 36. Regarding the transmission power, the power difference among OFDM symbols in a PRB pair becomes almost uniform even if some regions are not used. 
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Figure 1 – Option 1: An example of FDM among regions
In Option 2, a PRB pair is divided by the frequency and time domain. Option 2-a applies time domain splitting at a slot border. For example, a PRB pair is partitioned into four regions as shown in Figure 2. As well as Option 1, each region can be demodulated by using either one of the four orthogonal antenna ports 7-10 when the number of regions within a PRB pair is up to four. If no CRS and no PDCCH are assumed, the number of REs in each region is exactly same as 36(See the table in the Annex A for details). However, in the case that CRS or PDCCH exists, the number of REs in each region, especially the regions in the first slot, may be much smaller than 36. Regarding the transmission power, although the power difference among OFDM symbols in a PRB pair becomes larger than Option 1, the impact on the system is highly related to the eCCE structure explained in the next section. For example, if appropriate regions are selected for a ePDCCH, this problem may not be so serious from the viewpoint of the power difference between slots in a subframe.
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Figure 2 – Option 2-a: An example of TDM/FDM among regions. (TDM splitting at the slot border)
Option 2-b applies time domain splitting at a configurable border. For example, a PRB pair is partitioned into four regions as shown in Figure 3. As well as Option 1 and Option 2-a, four orthogonal antenna ports 7-10 can be used if the number of regions within a PRB pair is up to four. The position of a configurable border for the time domain splitting may be based on the number of OFDM symbols for control information i.e. control format information (CFI). To be more concrete, a PRB pair is divided at an appropriate border so that adjacent regions in the time domain have almost the same REs. This enables that the number of REs in each region is exactly same as 36 if no CRS and no PDCCH are assumed. But the number of REs in each region may be still much smaller than 36 if CRS or PDCCH exists. The transmission power issue on Option 2-b is the same as Option 2-a. On the other hand, Option 2-b requires more complex process compared with other options when CFI changes dynamically.
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Figure 3 – Option 2-b: An example of TDM/FDM among regions. (TDM splitting at configurable border)
To put all the above discussion together, the number of the REs in each region is almost 36 in all the above options if there is CRS or PDCCH in a subframe. On the other hand, if there is CRS and/or PDCCH in a subframe, the number of the REs in each region becomes much less than 36 in all the above options and a specific option shows the large difference between regions in terms of the number of REs in each regions.

However, if a pair of regions is selected appropriately and one eCCE is consisted of this pair as the ePDCCH unit, all the above options can provide the same number of REs in terms of the number of REs in a eCCE (See Table A-1 in Annex A). Therefore, these options may have almost the same performance and Option 2-b requires more complex process compared to other options especially when CFI changes dynamically.
Observation:

· Option 1, 2-a and 2-b have almost the same performance if appropriate regions are used for ePDCCH.
· Option 2b requires slightly complex processes compared with Option 1 and Option 2a.

2.4. eCCE structure

· In this section, ePDCCH with aggregation level 1, i.e. eCCE structure, is discussed. One of the main motivations for introducing ePDCCH is supporting new carrier types. If a new carrier type with no PDCCH and no CRS is assumed, 144 REs are available within a PRB pair. On this assumption, all options described in section 2.3 provide four regions and each region has almost 36 REs. Hence, each region has the same size as CCE of which the legacy PDCCH consists. In this case, the number of REs in eCCE aggregation level 1 in ePDCCH becomes twice of that in legacy PDCCH if ePDCCH consists of two regions. Therefore, we believe that a PRB pair should be divided into 4 eCCEs at least in a new carrier type where neither legacy PDCCH nor CRS is transmitted.

Proposal 3:

· It should be supported to divide a PRB pair into 4 eCCEs taking into account a new carrier type where neither legacy PDCCH nor CRS is transmitted.

On the other hand, if PDCCH and/or CRS exist, each of the four regions may consist of less than 36 REs. For instance, the number of REs in a region varies between 16 and 22 if three OFDM symbol are reserved for legacy PDCCH and four CRS ports are allocated. On this assumption, each region can carry half of the number of bits in DCI format 0 and1A for the 10 MHz system, i.e. 44bits. In this case, the coverage performance of ePDCCH significantly degrades even with aggregation level 8. Therefore, some solution, such as variable region-to-eCCE mapping and support of more than 8 aggregation level, should be considered to maintain the coverage performance in this case. 
Proposal 4:

· The ePDCCH performance impact on the existence of PDCCH and/or CRS should be taken into account.

· The following can be the solutions for the above issue.

· Variable region-to-eCCE mapping
· Support of more than 8 aggregation level with eCCE consisting of one region
3. Conclusion

Sharp proposes
Proposal 1:

· It should be the baseline that a UE use all the UERS distributed within a PRB pair with a specific antenna port for demodulation of one or more parts of ePDCCHs in the PRB pair.

Proposal 2:

· The number of REs in an aggregated eCCEs for a UE in ePDCCH should be similar to that in PDCCH, i.e. from 36 REs and up to288 REs.
Proposal 3:

· It should be supported to devide a PRB pair into 4 eCCEs taking into account a new carrier type where neither legacy PDCCH nor CRS is transmitted.

Proposal 4:

· The ePDCCH performance impact on the existence of PDCCH and/or CRS should be taken into account.

· The following can be the solutions for the above issue.

· Variable region-to-eCCE mapping

· Support of more than 8 aggregation level
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5. Annex A:

Table A-1: The number of REs in each region (Option 1, 2a and 2b)

	
	CFI=0, # of CRS =0
	CFI=1, # of CRS =2
	CFI=3, # of CRS =2

	
	Region 1
	Region 2
	Region 1
	Region 2
	1+2
	Region 1
	Region 2
	1+2

	Option 1
	34
	38
	34
	29
	63
	22
	26
	48

	Option 2a
	36
	36
	34
	29
	63
	16
	32
	48

	Option 2b
	36
	36
	29
	34
	63
	26
	22
	48


Four ports of UERSs are assumed in the above calculation
Proposed agreement for further discussion overnight: 


PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe uses FDM


A PRB pair may contain parts of different ePDCCHs to different UEs


Working assumption that there is no multiplexing of PDSCH and ePDCCH within a PRB pair; if there is any multiplexing of PDSCH and ePDCCH within a PRB pair it would be by FDM


How to multiplex ePDCCHs within a PRB pair is FFS
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