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1. Introduction
At the RAN1 #69 meeting, the definition of EREG was discussed and the detailed design issues of EREG were concluded to be further studied [1].
· At least for distributed transmission, the 144 REs for normal CP in a PRB pair in a normal
subframe (not counting the 24 DMRS REs) are divided into one of {8,12,16,24 or 36} (FFS, revisit on Wed to narrow down – revisit at RAN1#70) equal-sized non-overlapping resource element groups (EREG)

· Detailed design of the EREG mappings are FFS

· An ECCE is formed by grouping of multiple EREGs 

· An ECCE groups EREGs located in multiple PRB-pairs
· For localized transmission, an ECCE is transmitted in one PRB-pair 

· FFS whether an ECCE for localized transmission is formed by grouping multiple EREGs

· The number of ECCEs within a PRB pair in a normal subframe is FFS between:

· 2 or 4 depending on overhead of other signals, and 

· 3 or 4 depending on overhead of other signals, and 

· 4 in at least the PRB pairs that do not contain PBCH/PSS/SSS

· The number of ECCEs in a PRB pair in a special subframe is FFS from 1 or 2 of {2,3,4} (FFS)

· FFS whether different special subframe configurations can have different value(s) 

In this contribution, we will give a clarification on the issues for the EREG definition, e.g. the number of EREGs per PRB pair, multiplexing of EREGs in a PRB pair or EREG permutation/randomization.
2. Discussion
2.1. Number of EREGs per PRB pair
 ECCE (enhanced control channel element) is defined as the basic unit of EPDCCH and it can be further divided into smaller RE groups, so called EREG, to be multiplexed in a PRB pair as the common unit of localized and distributed EPDCCH.

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. Considering the case where two different types of ECCEs are multiplexed, it is preferred for the localized ECCE to have same EREG definition as distributed ECCE. 

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 [2]. When an ECCE consists of N EREGs, the EPDCCH which is aggregated with even just one ECCE can obtain frequency diversity order N maximally. 
It is agreed from the previous RAN1 meeting that the available REs excluding the DM-RS are nominally mapped to EREGs. Thus, it is proper to consider the EREG configuration in associated with the number of DM-RS overhead (24 RE or 12 RE). And also from RAN1 #69, the DM-RS overhead for normal subframe in distributed mode is 24 REs [1]. However, the 24 REs for DM-RS overhead may be a burden for some special subframes with small number of DwPTS symbol. In Figure 1, 12 RE overhead case outperforms the 24 RE overhead case especially when coding rate is relatively high (low aggregation level), so it is desirable to reduce DMRS overhead for special subframes with short DwPTS. 

As the number of DM-RS overhead changes, the EREG configuration should be also changed and we can consider two EREG configuration in line with 24 RE overhead case or 12 RE overhead case. Based on a certain threshold, the maximum number of ECCE per PRB pair can be either 4 or 2 [3]. If the minimum number of EREGs per ECCE is set to N, we propose the two types of EREG configuration:
option 1: EREG configuration 1 - 4N EREGs for normal subframe and special subframe with long DwPTS

option 2: EREG configuration 2 -  2N EREGs for special subframe with short DwPTS
For the special subframe with normal cyclic prefix, the available REs and the used symbols are noted in Table 1. When the PRB pair is partitioned into 4 ECCEs, the number of REs per ECCE for subframe configuration #3, #4 and #8 is larger than the threshold value (26.25 REs) exemplified in [3]. Thus, the DwPTS for those subframe configurations can be reguarded as long DwPTS and others are short DwPTS.

Table 1. Maximum number of E-CCE per PRB pair for special subframe with normal CP 
	Special subframe

configuration
	1
	2
	3
	4
	6
	7
	8
	9

	DwPTS length (symbols)
	9
	10
	11
	12
	9
	10
	11
	6

	Total RE
	UE-specific RS: 12RE
	96
	108
	120
	132
	96
	108
	120
	60

	
	UE-specific RS: 24RE
	84
	96
	108
	120
	84
	96
	108
	48

	Maximum number of E-CCE per PRB pair
	2
	2
	4
	4
	2
	2
	4
	2


The number of EREGs per ECCE (N) is related to the frequency diversity order but it also impacts on PDSCH region or localized EPDCCH allocation. Then, N can be limited to 4 from the consensus that more than diversity order 4 is marginally affects the link performance in general. Considering the number of DM-RS antenna port (2 or 4), the value of N can be either 2 or 4.
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Figure 1: Performance comparison between 12 and 24 RE overhead
Proposal: According to the subframe type, two types of EREG configuration is 

Alt 1: EREG configuration 1 - 4N EREGs for normal subframe and special subframe with long DwPTS

Alt 2:  EREG configuration 2 -  2N EREGs for special subframe with short DwPTS

Proposal: The minimum number of EREGs per ECCE can be 2 or 4.

2.2. RE allocation to EREG
The number of actually available REs for each EREG in a PRB pair will change due to the arbitrary configuration of other reference signal. Therefore, in order to achieve the similar channel estimation performance for each EREG and the equivalent performance per ECCE consisting of EREGs, we need to consider the methods for equalizing the number of actually available REs for each EREG in a PRB pair. The following option can be considered for allocating REs to EREG-to-RE [7]: REs valid for EREG definition are sequentially allocated to each EREG in the frequency-first manner with cyclic shift in OFDM symbols.
In this method, EREG-to-RE mapping is performed in frequency direction first and then time direction. To equalize the number of actually available REs for each EREG in a PRB pair, a cyclic shift for a certain OFDM symbol in a PRB pair can be applied. Here, the amount of the cyclic shift for each OFDM symbol can change according to the predefined offset value of cyclic shift. For example, if the offset value of cyclic shift is set to 1, it is possible to apply a cyclic shift of (n modulo # of subcarriers in a PRB pair) of OFDM symbol n. And in the OFDM symbols where DM-RS is transmitted, it is assumed that a cyclic shift is only applied in considering the actually available REs for the EPDCCH transmission. In other word, the REs used for DM-RS transmission are excluded from the count of cyclic shift. 
Figure 2 illustrates one example of sequential allocation to each EREG in the frequency-first manner with cyclic shift in OFDM symbols. Here, we assumed that a PRB pair consists of 16 EREGs and the 24 REs used for DM-RS transmission are excluded from EREG-to-RE mapping. And the offset value of cyclic shift is set to 1. Figure 2 is one example of EREG configuration 1 described in Section 2.1. As shown in Figure 2, the number of usable REs of each EREG is different and this variation in the available REs per EREG can be alleviated by aggregating EREGs properly as explained in [3].
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Figure 2: An example of sequential allocation to each EREG in the frequency-first manner with cyclic shift in OFDM symbols (i.e., normal subframe)
Figure 3 shows another example of above-mentioned method in case of the special subframe configuration #7. Here, we assumed that a PRB pair consists of 8 EREGs and the 12 REs used for DM-RS transmission are excluded from EREG-to-RE mapping. And the offset value of cyclic shift is set to 1. Figure 3 is one example of EREG configuration 2 described in Section 2.1.
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Figure 3: Another example of above-mentioned method in case of the special subframe configuration #7 (i.e., special subframe)
Proposal: In order to equalize the number of actually available REs for each EREG in a PRB pair, the additional method for EREG-to-RE mapping can be considered as follows:
· Sequential allocation to each EREG in the frequency-first manner with cyclic shift in OFDM symbols

2.3. EREG permutation/randomization

In this section, we discuss the aspect of ICIC in EPDDCH transmission. One way of doing the interference randomization among EPDCCHs transmitted by different transmission points is to introduce EREG permutation per PRB pair in each cell. With this method, we can achieve the mitigation of inter-cell interference by randomizing the REs’ location of the EREG set composing a certain ECCE. Here, EREG permutation per PRB pair of a certain cell can be performed based on the TP-specific parameters like the virtual cell ID. If the DM RS scrambling sequence initialization is a network-configurable parameter, the scrambling initialization value can serve the purpose of the virtual cell ID. In addition, in order to exploit the interference randomization effect, the related parameters need to be signaled to the neighboring cells [6]. Figure 4 illustrates one example of such operation. Here, it is assumed that two different cells transmit their own EPDCCH in the same PRB pair and each cell executes the EREG permutation per PRB pair based on the predefined parameters. As shown in Figure 4, it is found that the REs’ location of EREG set in the same ECCE index can be randomized when the predefined EREG-to-RE mapping rule is applied as like Figure 2 in Section 2.2.
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Figure 4: An example of EREG permutation per PRB pair
Proposal: In order to achieve the interference randomization among EPDCCHs transmitted by different cells, of the index of EREGs are permuted in each PRB pair. 

3. Conclusion
This contribution discussed on the remaining details of EREG definition. The following proposals were made:
Proposal 1: According to the subframe type, two types of EREG configuration is 

Alt 1: EREG configuration 1 - 4N EREGs for normal subframe and special subframe with long DwPTS

Alt 2 EREG configuration 2 -  2N EREGs for special subframe with short DwPTS

Proposal 2: The minimum number of EREGs per ECCE can be 2 or 4.
Proposal 3: In order to equalize the number of actually available REs for each EREG in a PRB pair, the additional method for EREG-to-RE mapping can be considered as follows:
· Sequential allocation to each EREG in the frequency-first manner with cyclic shift in OFDM symbols

Proposal 4: In order to achieve the interference randomization among EPDCCHs transmitted by different cells, of the index of EREGs are permuted in each PRB pair. 
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Appendix A. Simulation assumption for Figure 2~4
	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

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

	ECCE configuration
	L-CCE: 2 ECCEs per PRB pair 

36 REs per ECCE (24 RE overhead)
42 REs per ECCE (12 RE overhead)

	Subframe configuration
	Special subframe configuration #2 with 2 symbols for PDCCH
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(b) Transmission Point B
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