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1. Introduction

In RAN1#68bis, the following next steps were made on the design of ePDCCH:

Next steps:

· Consider how to handle mapping of ePDCCH in presence of other signals:

· Possible methods:

· puncturing of REs including coded symbols

· puncturing of REs from “(e)REG/(e)CCE”with rate matching in coding chain

· rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals
· Consider all other potentially colliding signals, including CRS, legacy control region, PSS/SSS, PBCH, PRS, CSI-RS, DM-RS

· Then consider “(e)REG/(e)CCE” definitions 

· Then determine necessary aggregation levels and relationship to localised and/or distributed transmission. 
· Consider whether multiplexing of localised and distributed ePDCCH parts is needed in same PRBs
· Study “fallback” operation and need for localised and distributed USS candidates in same subframe
Considering the eREG/eCCE definition, the structure should work well and provide benefits on both localized and distributed ePDCCH. In this contribution, we share our views on the definition of eREG and eCCE and the associated RE mapping.
2. Discussion 
The Rel-8/9/10 PDCCH consists of two-level structure - CCE and REG. REG is formed by 4 REs and is the minimum resource unit for legacy PDCCH. The REGs are permutated according to the subblock interleaver before mapping to resource to achieve frequency diversity gain. On the other hand, the blind decoding candidates and aggregation levels of PDCCH are based on the CCE which consists of 9 REGs.
Considering the design of ePDCCH, it is intuitive and reasonable to reuse the similar concept. In RAN1#68bis, several companies [1-6] discussed the definition of the two-level eREG/eCCE structure for ePDCCH. It is noted that the definition of eREG/eCCE should at least be able to achieve the frequency diversity and to resue the similar search space design of legacy PDCCH.
2.1 Link level simulation on number of eREGs in an eCCE
For the eREG/eCCE definition, the first issue to be determined is the number of eREGs in an eCCE. The main motivation of eREG is to make sure good frequency diversity order even with aggregation level 1. In this paper, the link simulation is done to evaluate the performance with different number of eREGs in an eCCE. The eREGs in an eCCE locates in different PRB pairs while the eREG with same relative position in different eCCE locates in the same or near PRB pair. As a result, the number of eREG in an eCCE equals to the diversity order of the distributed ePDCCH in this link level simulation. For the size of eCCE is not quite clear now, 36 REs which equals legacy CCE size is assumed for simplicity. The detailed simulation assumptions are listed in Table 1.

The simulation result is illustrated in Fig.1. It can be observed that diversity order of 4 or 6 brings significant diversity gain. Moreover, from the simulation results (especially aggregation level 1), it can be concluded that using eREG as the minimum resource unit is better than using eCCE. 4 or 6 eREGs (or more) in an eCCE is recommended.
Table 1. Link level simulation assumptions
	System bandwith
	10 MHz

	DCI payload size
	42 bits

	Number of CRC bits
	16 bits

	Channel model
	SCME urban macro with low angular spread

	UE velocity
	3 km/hr

	eCCE aggregation level
	1, 2, 4, 8

(36, 72, 144, 288 REs)

	# of eREGs in an eCCE
(eREG size)
	1, 2, 3, 4, 6, 9
(36, 18, 12, 6, 4 REs)

	Tx and Rx antenna configuration
	2X2

	Diversity scheme
	Cyclic precoding

	Precoding codebook
	Rel-10 codebook

	Channel estimation
	Practical on antenna port 7 with 3dB power boosting

	Number of legacy PDCCH symbol
	2
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(a) Aggregation level 1                              (b) Aggregation level 2
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(c) Aggregation level 4                               (d) Aggregation level 8
Figure 1. Performance of distributed ePDCCH under different aggregation level
Observation: 4 or 6 eREG in an eCCE can provide 3~4 dB gain on the distributed ePDCCH performance with aggregation level 1.
2.2 eREG and eCCE definition

From the above link level simulation, it can be concluded that eREG should be introduced for its significant gain on distributed ePDCCH with aggregation level 1. As a result, we continue on discussing the eREG/eCCE definition as follows.
eREG definition

Considering the eREG definition, fixed number of eREGs in a PRB pair indepent of system configuration (e.g. number of reference signals, CP length) is preferred for simplicity. The REs in an eREG is not used for ePDCCH if other signals occupie it. From the link simulation results above, it is expected to have more than 4 (or 6) eREGs in an eCCE.
In this contributition, we propose to define eREG with one subcarrier granularity and one eREG consists of six or seven contiguous OFDM symbols (six for extended CP and seven for normal CP). The eREG starts from the first symbol of the time slot and ends at the last symbol of the time slot as depicted in Fig.2. A PRB pair has 24 eREGs and this number is independent of the system configuration.

This eREG definition has several benefits compared to the legacy REG which consists of 4 subcarriers with one OFDM symbol granularity. The first one is that the number of eREGs in a PRB pair is independent of the CP length. The resource wastage due to legacy REG definition and the other problems caused by SFBC can be avoided. The transmit diversity scheme of ePDCCH is also discussed in our companion paper [7]. If eREG-level subblock interleaver is reused for distributed ePDCCH, the probability that different eREGs fall into the similar frequency region is decreased compared to reuse the similar legacy REG design. Moreover, this eREG definition can be easily combined with the eCCE definition where each eCCE consists of several contiguous subcarriers. Consider that there are at most 4 eCCEs in a PRB pair, at least 6 eREGs can be ensured in an eCCE and frequency diversity gain can be easily achieved.
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(a) normal CP                                   (b) extended CP
Figure 2. An example of eREG definition in a PRB pair
eCCE definition
From the eREG definition mentioned above, we propose to have eCCE consists of several contiguous and localised eREGs as in Fig.3. It is noted that the eCCE is defined in logical domain and the exact mapping to physical resources still needs further discussion. It also needs further study on whether the number of eREGs in an eCCE in each subframe can be dynamically adjusted or not. We slightly prefer that the number of eREGs in an eCCE in each subframe can be dynamically adjusted according to the number of legacy PDCCH symbols to maintain similar eCCE size. There can be 2, 3 or 4 eCCEs in a PRB pair with 12, 8 or 6 eREGs in one eCCE.
Proposal1: eREG should be introduced in the structure of ePDCCH and the number of eREGs in a PRB pair is fixed. One example is to have 24 eREGs in a PRB pair and be multiplexed with one subcarrier granularity.
Proposal2: An eCCE consists of several localized eREGs in logical domain. The number of eREGs in an eCCE is FFS.
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Figure 3. An example of eCCE definition consists of several contiguous eREGs

2.3 Mapping for ePDCCH

It is noted that distributed and localised ePDCCH target on different goals while the former utilizes diversity gain and the latter focuses on beamforming gain. Therefore, distributed ePDCCH and localised ePDCCH should have different RE mapping from logical domain to physical domain. We continue the discussion on RE mapping which based on the eREG/eCCE definition mentioned in the above section.
Distributed scheme
For distributed ePDCCH, we see no reason to not reuse the eREG-level subblock interleaver. It is noted that the subblock interleaving depth can be the whole PRB pairs assigned for distributed EPDCCH or just several PRB pairs (e.g. 4 or 6 PRB pairs) if better resource reusing by PDSCH is the issue. In this contribution, we propose to let eREGs in the first time slot be permutated through a sub-block interleaver. The eREGs in the second time slot should also be permutated through the sub-block interleaver but with a shift on frequency after the permutation. The shift targets on providing higher frequency diversity order for even one eCCE. A different subblock interleaver for the eREGs in the second time slot can also be considered. After the permutation and shift, the eREGs are directly assgined to the appropriate PRB pairs (or eCCEs) which belong to distributed EPDCCH. The block diagram is depicted in Fig.5. 
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Figure 4. An example of RE mapping for distributed ePDCCH
Localised scheme
  Considering the RE mapping for localized EPDCCH, the eREGs in one eCCE is assigned to the same RB but can be multiplexed by either contiguous mapping or distributed mapping. Contiguous mapping directly assign the eCCE from logical domain to physical domain as in Fig.5 (a). Distributed mapping has eREGs uniformly distributed in the PRB pair to have similar channel estimation for every eCCE. One example is illustrated in Fig.5 (b).
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(a) Localized mapping                           (b) Distributed mapping

Figure 5. Examples of RE mapping for localised ePDCCH
A link level simulation is done to evaluate the performance for different mapping scheme. It can be seen that distributed mapping has similar performance for each eCCE while localised mapping may have quite different performance for each eCCE. As a result, distributed mapping seems to be better choice to make each eCCE has equal performance.
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(a) Localized mapping                           (b) Distributed mapping

Figure 6 . Performance for localised ePDCCH

Proposal3: eREG-level interleaving is reused for distributed ePDCCH.
Proposal4: A localized eCCE is uniformly distributed in a PRB pair based on eREG.
3. Conclusions

In this contribution, the eREG/eCCE definition and the RE mapping for ePDCCH are discussed. We propose to:
Proposal1: eREG should be introduced in the structure of ePDCCH and the number of eREGs in a PRB pair is fixed. One example is to have 24 eREGs in a PRB pair and be multiplexed with one subcarrier granularity.

Proposal2: An eCCE consists of several localized eREGs in logical domain. The number of eREGs in an eCCE is FFS.

Proposal3: eREG-level interleaving is reused for distributed ePDCCH.
Proposal4: A localized eCCE is uniformly distributed in a PRB pair based on eREG.
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