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1   Introduction
In RAN1#68, the following steps were identified to progress search space design for EPDCCH.
· 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


In this document we consider eCCE RE mapping size and aggregation levels for localised and distributed EPDCCH. 
2   Discussion
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Figure 1 – CCE and eCCEs for LTE Rel11 

Figure 1 shows a high level overview of CCEs and eCCEs that a Rel11 UE is expected to monitor.  As shown in the figure, the UE is expected to monitor a set of CCEs (at least the common search space) in the legacy control region for receiving legacy PDCCH. The UE also monitors additional CCEs (eCCEs) for receiving EPDCCH in a set of PRB pairs (EPDCCH RB set) that are configured by the network.
Assuming that the UE is configured with an EPDCCH RB set of n PRB pairs, each PRB pair can be further divided into a number of eCCEs. For example, if m eCCEs are present per PRB pair, a total of m*n eCCEs are available in the EPDCCH RB set in each subframe. The UE monitors a subset of the total available eCCEs in a subframe based on search space restrictions such as a hashing function similar to the one used in Rel8. 
In [1], we discussed the following options for mapping of EPDCCH in presence of other signals and concluded that options 2/3 are preferred.

Option 1: Puncturing of REs including coded symbols  
Option 2: Puncturing of REs from “(e)REG/(e)CCE” with rate matching in coding chain
Option 3: Rate matching for coding chain with mapping “(e)REG/(e)CCE” around other signals
For an eCCE design based on Option 2,  m (#eCCEs per PRB pair) can be a fixed value since other signals in the subframe are allowed to ‘puncture’ the eCCEs. This ensures that a fixed number of eCCEs are present in all subframes monitored by the UE (assuming same EPDCCH RB set size). However, the number of useful REs (i.e., REs used for EPDCCH within the eCCE) can vary between different eCCEs in the EPDCCH RB set. Thus, RE-to-eCCE mapping functions may be required to ensure that the other signals (e.g. CSI-RS) are equitably distributed within the eCCEs so that the eCCEs within a PRB pair have approximately same number of useful REs. The number of useful REs could still vary between eCCEs in one PRB pair vs another PRB pair. This variation may require additional eCCE-pairing function when considering aggregation levels so that different candidates for a given aggregation level would have roughly the same number of useful REs. Alternately, if the number of useful REs in a PRB pair is allowed to vary (e.g. as in R-PDCCH Mode 2), Option 2 can offer simpler design choices. In this case, the eNB can take the #RE variation into account when determining aggregation level.

For an eCCE design based on Option 3, m (#eCCEs per PRB pair) will vary between subframes (for the same EPDCCH RB set size) since other signals in the subframe are not allowed to puncture the eCCEs. However, the number of useful REs in each eCCE of a PRB pair is fixed. Moreover, the number of useful REs is same across eCCEs in different PRB pairs in a subframe. This provides predictable aggregation levels and EPDCCH performance. Thus, a main benefit of Option 3 is that it offers same number of useful REs in an eCCE (and for different aggregation levels in the EPDCCH) in a given subframe without requiring specialized mapping functions (RE-to-eCCE mapping functions or eCCE-pairing function, etc). The disadvantage with Option 3 is that packing efficiency of EPDCCH is reduced when an integer number of eCCEs do not fit in a single PRB pair.
 “eCCE size” can refer to the number of useful REs within the eCCE. Assuming that only QPSK modulation is used for EPDCCH, eCCE size should be kept around 36REs so that at least DCI format 2C fits within 1 eCCE. Table 1 (details in [4]) below shows that for legacy PDCCH, a 62-bit grant (~ DCI format 2C size (including CRC) for 10MHz System bandwidth) can be transmitted using a single 36 RE CCE over 50% of the time for 3GPP case 3 deployment scenario. It is desirable to dimension the eCCE size for EPDCCH such that, a similar or higher level of 1CCE aggregation level usage is obtained.
Table 1 - CCE Allocation Probability (%) for 3GPP Case 3 for 10MHz System BW 

	Aggregation Level
	1
	2
	4
	8

	43 bit grant
	89.4
	10.2
	0.40
	0.04

	62 bit grant
	53.1
	41.7
	5.0
	0.01


In [2], a performance comparison between legacy PDCCH and EPDCCH with distributed mapping and random precoding is shown. Based on the results it was observed that, in order to obtain performance similar to legacy PDCCH, approximately twice the aggregation level (twice the number of REs) is needed for distributed EPDCCH. Given this, to ensure the same coverage as that of legacy PDCCH higher aggregation levels (e.g. 16 eCCE aggregation) should be considered for EPDCCH.
As described in [3], localized and distributed operation of EPDCCH can be supported by suitably defining search space candidates within the EPDCCH RB set. Localized operation is supported by monitoring EPDCCH candidates  that are transmitted  on a single eCCE or on an aggregation of eCCEs from same or adjacent PRB-pairs. Distributed operation can be supported by monitoring EPDCCH candidates on an aggregation of eCCEs from distinct PRB pairs. One drawback of the search space based approach is that distributed operation cannot be supported for 1 eCCE aggregation level. However, such operation (1eCCE aggregation with distributed mapping) is primarily useful for high SNR UEs whose CSI information is not available (e.g. due to mobility), DCI for those UEs can be transmitted by using legacy PDCCH or, by using distributed EPDCCH with higher aggregation levels.  
3   Conclusions
In this document we discuss CCE design for EPDCCH and propose the following
· EPDCCH resources are configured in a UE-specific manner. 

· Higher aggregation levels (e.g. 16 eCCE aggregation) should be considered for EPDCCH to ensure same coverage as that of legacy PDCCH
· Localized EPDCCH transmission is supported by aggregation of one or more eCCEs within same or adjacent PRB pairs. Distributed transmission can be supported by aggregation of eCCEs from non-adjacent PRB pairs.
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