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1. Introduction
In this contribution, we give a clarification on eCCE/eREG definition. Some proposals related to its configurations are also provided.
2. Discussion
2.1. Configuration of frequency resource
It should be determined which PRB pairs are used for the potential transmission of ePDCCH. As one of the main motivation of ePDCCH is to provide more efficient ICIC for the control channel, PRB pairs used for ePDCCH should be configured by high layer signalling. This high layer signaling should be able to support changing the set of PRB pairs in a subframe specific manner. This is because the number of REs available for ePDCCH transmission varies as the subframe configuration changes. One example is MBSFN subframes. Since PDCCH in MBSFN subframes does not take as many of symbols as PDCCH in non-MBSFN subframes, for MBSFN subframes, fewer RB sets will be sufficient for the transmission of same amount of control information. The same reason can be observed in TDD special subframe where a few OFDM symbols cannot be used for DL transmission and more PRB pairs are needed for ePDCCH search space configuration in order to keep the same number of eCCEs. Another reason is that the number of REs required for ePDCCH transmission varies as subframe configuration changes. One example is TDD DL subframes which do not deliver UL grant. For TDD UL-DL configuration #1 in table 1, subframe #0 does not include UL grant while subframe #1 contains UL grant whose corresponding UL transmission occurs at subframe #7. Accordingly, fewer RB sets would be configured for the subframes where ePDCCH contains DL assignment only.
Table 1. Uplink-downlink configurations..

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Similarly, in case of CA, the amount of control information to be sent varies depending on subframe configuration for each CC.  One example is aggregation of different TDD configuration with cross-carrier scheduling on ePDCCH of a cell. It was agreed in RAN1 #67 to support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells: For the case of DL, PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n [1]. However, in subframes where scheduled cell is configured as UL, ePDCCH on scheduling cell will not carry any of schedule (DL assignment or UL grant) for it. Therefore in those subframes, fewer RB sets will be sufficient for ePDCCH transmission. Therefore, with the more cells configured as UL in a subframe, the fewer PRB pairs could be used for ePDCCH. Another example is ABS to apply subframe-wise ICIC in SCell. As ePDCCH does not contain control information for ABS subframes, it is reasonable to configure fewer PRB pairs for them. 
As discussed so far, with subframe-specific configurability on the PRB pair allocation, it is possible that fewer PRBs are configured for ePDCCH in some subframes. Then, the PRB pairs not configured for ePDCCH become available for other use. To make proper use of it, the serving cell can schedule PDSCH on those PRB pairs. The neighbouring cells can schedule PDSCH on that region since there does not exist any control information of serving cell to be protected.  
Apart from subframe specific configuration, PRB pair configuration should be also considered for the case of carrier aggregation with cross-carrier scheduling in which ePDCCH needs to include search spaces of multiple cells. There are two alternatives as follows: 

· Alternative 1: single set configuration. ePDCCH search spaces for all the cells are constructed within a single set of PRB pairs allocated for ePDCCH transmission.

· Alternative 2: per CC configuration. ePDCCH search space for each cell is constructed within a set PRB pairs allocated to each CC. The PRB pairs may overlap with those on which search space of another cell is defined.
While Alternative 1 inherits the design principle of legacy PDCCH, Alternative 2: per CC configuration may have an advantage of more efficient inter-TP resource coordination. In cases where a certain cell is not scheduled, the resource region allocated for ePDCCH of the unscheduled cell does not need to be protected in the neighbouring TP. Therefore, for the neighbouring TP, the resource region once not available for PDSCH transmission (note that it is required to protect the control channel prior to the data channel) can now become available since no ePDCCH would be transmitted in that region of the serving TP. In resource coordination aspect, therefore, if the PRB pairs used for unscheduled CCs are separated non-overlapping with the others, the neighbouring TP can allocate PDSCH for those PRB pairs with minimal information of which CC is not scheduled. On the other hand, if Alternative 1: single set configuration is used, CCE-wise coordination should be provided across TPs, which has the drawback that the neighbouring TP cannot utilize the resource for the PDSCH transmissions.
In combination with subframe-specific configuration, Alternative 1: single set configuration may achieve the same performance. When a certain CC is not scheduled, ePDCCH search space can shrink into smaller set of PRB pairs. The subframe specific configuration known to the neighbouring TPs, inter-TP resource coordination for the control channel protection can be achieved.
 Proposal 1: PRB pairs used for ePDCCH should be configured in a UE-specific manner by higher layer signaling. This configuration should be able to support changing the set of PRB pairs in a subframe specific manner.
2.2. Configuration of time resource
Starting symbol of ePDCCH can be configured by either RRC signalling or PCFICH. Which of the two would be used is configurable per cell. For example, it is possible to configure PCell to read PCFICH to get the starting symbol position of ePDCCH while a SCell is configured to use RRC signalling for the same purpose. 

If PCFICH is used, it should be supported to start ePDCCH at the first symbol in order to increase the ePDCCH capacity when no legacy PDCCH is transmitted in a subframe. One possible way is to use the reserved state of the current PCFICH as the indicator of no legacy PDCCH.
RRC signalling is necessary for some cases such as NCT. Because no PDCCH or PCFICH is defined in NCT, it is possible to map eCCEs on the first symbol. However, to protect the neighbouring cell PDCCH region and to avoid interference on PCFICH in LCT, it is required to set some guard symbols. It means that there is still a need to indicate the starting symbol location to the UEs in NCT. Using RRC signalling would serve as a good solution to this. In addition to that, it is also possible to use subframe-specific configuration because different configuration subframe configuration (e.g., ABS configuration, PDCCH length, etc) can be applied to different subframes.

Proposal 2: PCFICH and RRC signaling both can be considered as a means of indicating starting symbol of E-PDCCH. When PCFICH is used, PCFICH should be able to start at the first symbol. When RRC signaling is used, it should be possible to have different starting symbols in different subframes.

2.3. eCCE/eREG definition

eCCE(enhanced control channel element) is defined as the basic unit of ePDCCH search space construction. More than one eCCEs composes one PRB pair. In [2], we introduced variable size eCCE; the number of eCCEs contained in a single PRB pair is variable depending on the subframe configuration such as the number of CRS REs, CSI-RS REs or special subframe configurations, and so on. This is because the number of usable REs for ePDCCH resource in a PRB-pair is determined according to the given subframe configuration. In Table 2, several use cases are shown where these factors are combined together and affect the number of the usable REs in one PRB-pair. Furthermore, the resultant number of eCCE and size of eCCE is also shown when the variable size eCCE is applied. We assume that the DM-RS is mandatorily applied for E-PDCCH and the maximum available number of usable REs is 144. In addition to this basic case, we also consider 2 ports of CRS, 2 symbols of PDCCH region, 3 pairs of 4 port CSI-RS (including both of non-zero power CSI-RS and zero power CSI-RS) or the combination of these cases.

Table 2. Application of variable size eCCE
	
	Number of 
usable REs
	Number of
eCCEs in a PRB-pair
	Size of 
eCCE

	DM-RS only
	144
	4
	(36,36,36,36)

	DM-RS+CRS (2port)
	128
	4
	(32,32,32,32)

	DM-RS+CRS(2port)
+PDCCH(2symbol)
	108
	3
	(36,36,36)

	DM-RS+CRS(2port)
+PDCCH(2symbol)
+CSI-RS (3pairs, 4port)
	96
	3
	(32,32,32)


Another subframe configuration that shows the needs for variable size eCCE is TDD special subframes. For TDD special subframes, the number of eCCEs in one PRB pair can be reduced to even one or two if DwPTS length is not long enough to assign more number of eCCEs. The number of REs per eCCE also can be variable.  

Table 3. The available number of REs for TDD special subframe
	Special subframe configuration
	The available number of REs

	
	Normal CP 
	Extended CP

	
	The number of symbol length of legacy PDCCH
	The number of symbol length of legacy PDCCH

	
	0
	1
	2
	0
	1
	2

	1
	65~76
	57~68
	49~60
	65~76
	57~68
	49~60

	2
	77~88
	69~80
	61~72
	77~88
	69~80
	61~72

	3
	89~100
	81~92
	73~84
	89~100
	81~92
	73~84

	4
	97~108
	89~100
	81~92
	97~108
	89~100
	81~92

	6
	65~76
	57~68
	49~60
	65~76
	57~68
	49~60

	7
	77~88
	69~80
	61~72
	-

	8
	89~100
	81~92
	73~84
	-


Proposal 3: The number of eCCEs per PRB pair should be variable depending on the subframe configuration.
From the viewpoint of transmitting ePDCCH in the frequency domain, two different types of eCCE can be considered; one is the localised eCCE (L-CCE) where an eCCE consists of REs originating from only one PRB pair and the other is the distributed eCCE (D-CCE) where an eCCE are spread over two or more PRB pairs. Figure 1 illustrates these two eCCE types under the assumption that 4 eCCEs are defined within a PRB pair and two PRB pairs are involved for the definition of a D-CCE. As discussed in [4], both localized transmission and distributed transmission are possible based on L-CCE with a proper search space configuration. Here, distribution transmission with L-CCE means that multiple L-CCEs belonging to different PRB pairs are aggregated, thus this distributed transmission is applicable only when the aggregation level is higher than 1 in this case). It is obvious that D-CCE can be used only for distributed transmissions.
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Figure 1. An illustration of localized eCCE and distributed eCCE.
eCCE can be further divided into smaller RE sets, so called eREG. For localised eCCEs, it is not strictly required to define eREG because REs of a PRB pair can be directly partitioned into multiple localised eCCEs. For distributed eCCE where an eCCE can be transmitted over two or more PRB pairs, it may be beneficial to adopt the concept of eREG [3]; if we define eREG in a PRB pair, we can easily construct distributed eCCEs by combining eREGs from different PRB pairs. However, what benefits we can get from distributed eCCEs needs to be investigated further [4]. 
If eREG is defined, how to map the eREG onto the REs in PRB pair should be considered. For a transmission scheme like SFBC, the number of eREGs in a PRB pair and the eREG-to-RE mapping rule should be adjusted in consideration of the subframe configuration. By doing so, an eREG can keep the number and the physical layer property of constituent REs with the arbitrary subframe configuration which is determined by the configuration of CSI-RS, legacy PDCCH length, and so on. For the other transmission schemes, a well designed REG-to-RE mapping rule could be applied regardless of subframe configurations, on condition that the impact of different subframe configuration on the performance is negligible [5].
Proposal 4: eREG is needed for distributed eCCE. However, there is no strong need for introducing eREG for localized eCCE.

2.4. eCCE-to-RE mapping
When designing mapping rule of eCCE/eREG, the RS structure and PDCCH structure should be taken into account. In [5], we discussed that the design of RE mapping before the other signal presence is difficult due to the arbitrary configuration of the other signal locations, which induces non-uniform RE number distribution between eCCEs. On the other hand, if the mapping is done after the presence of other signals is determined, simple mapping rules such as alternating the assigned CCE index in the frequency or time first manner can be used. 
When the localized eCCE is applied, intra-PRB interleaving is preferred to separate the fragments of each E-CCE uniformly over each a PRB-pair as illustrated in Figure 2. This intra-PRB interleaving can improve the channel estimation performance by fully using the DM-RS in comparison to partitioning the PRB-pair only in a FDM or TDM manner in which an eCCE should be localized around a certain subcarrier or OFDM symbol. 
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Figure 2. E-CCE interleaving: (a) FDD, TDM (or its combination) (b) intra PRB interleaving
Proposal 5: An Interleaved form of an eCCE within a PRB pair should be used to enhance the channel estimation performance.

Another aspect to be considered in eCCE-to-RE mapping is ICIC between two neighboring TPs. As discussed in [2], configurable mapping rule has the advantage that an appropriate interference coordination scheme can be selected depending on the network configuration. If the same mapping is applied across different neighbouring TPs, TPs can make use of it for joint transmission or dynamic muting, provided that the fast coordination such as CoMP operation is possible through the backhaul network. However, if no coordination or semi-static coordination among TPs is available, it would produce even severer interference applying same mapping rules. In this case, applying different mapping rules among TPs can produce better performance due to randomization effect; averaging out the interference. We note that this interference randomization effect includes not only the randomization of the interference load but also the randomization of the transmission beam used in the interfering TP if different precoder is used for different eCCE. 
Figure 3 shows the simulation result on the effect of having different eCCE-to-RE mapping pattern between two neighbouring TPs. Detailed simulation assumption can be found in Appendix. Here, one PRB pair is divided into 4 eCCEs and each TP transmits a DCI of the aggregation level 2 in the considered PRB pair. Thus, the utilization of that PRB pair is 50% in each TP. In the figure, “same pattern” means that the two TP uses the same eCCE-to-RE mapping pattern and “different pattern” means that the two TP use different eCCE-to-RE mapping pattern such that REs belonging to one eCCE in a pattern are uniformly distributed the four eCCEs in the other pattern. No tight coordination is assumed across the two TP, so each TP randomly selects the two used eCCEs at each time instance. As observed in the figure, having different pattern provides substantial performance benefit when the interference is considerable by the virtue of the interference randomization effect.
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Figure 3. Performance of different eCCE-to-RE mapping patterns.

Proposal 6: eCCE-to-RE mapping rule should be configurable in order to support a suitable interference coordination scheme.
3. Conclusion
We discussed eCCE/eREG definition in this contribution. The following was proposed from the discussion:
Proposal 1: PRB pairs used for ePDCCH should be configured in a UE-specific manner by higher layer signaling. This configuration should be able to support changing the set of PRB pairs in a subframe specific manner.

Proposal 2: PCFICH and RRC signaling both can be considered as a means of indicating starting symbol of E-PDCCH. When PCFICH is used, PCFICH should be able to start at the first symbol. When RRC signaling is used, it should be possible to have different starting symbols in different subframes.

Proposal 3: The number of eCCEs per PRB pair should be variable depending on the subframe configuration.
Proposal 4: eREG is needed for distributed eCCE. However, there is no strong need for introducing eREG for localized eCCE.

Proposal 5: An Interleaved form of an eCCE within a PRB pair should be used to enhance the channel estimation performance.
Proposal 6: eCCE-to-RE mapping rule should be configurable in order to support a suitable interference coordination scheme
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Appendix. Simulation assumption for Figure 3
	Parameter
	Value

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	Antenna configuration
	2x2

	Channel model
	ITU_PED_A, UE speed: 3km/h

	Tx scheme
	Closed loop beamforming

	Codebook
	Rel-10 Codebook for 2-Tx

	PMI granularity
	Wideband

	PMI periodicity
	each 10ms

	Modulation
	QPSK

	DM-RS configuration
	port 7 in TP1 and port 9 in TP2

	DCI payload
	42 (for DCI) + 16 (for CRC) bits

	eCCE configuration
	L-CCE with 4 eCCEs per PRB pair, 36 REs per eCCE
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