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1. Introduction
One of the proposed advantages of ePDCCH has been the possibility of improved efficiency of DL resource usage compared with PDCCH. This document considers the achievable efficiency improvements, taking into account current RAN1 agreements/working assumptions.  
2. Background
In the following, we assume the structure of an ePDCCH PRB pair is as shown in Fig.1.
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Fig.1 Possible ePDCCH structure
Here, for localized transmission, one ePDCCH PRB pair consists of four eCCEs, with each one consisting of three OFDM subcarriers in the frequency domain (or at least an equivalent amount of REs). Similarly to PDCCH, we assume that one DCI message transmitted with aggregation level n contains n eCCEs. In order to achieve frequency diversity for ePDCCH we assume that a DCI message may be distributed across m PRB pairs which are distributed across the frequency domain. 
We note that the PDCCH can usually be configured to occupy the first 1, 2, or 3 OFDM symbols of a subframe. Exceptionally, other conditions may apply, for example PDCCH can occupy 2, 3, or 4 OFDM symbols for small system bandwidths, which we do not consider further in detail here. The number of OFDM symbols can typically be configured dynamically by the eNB, using PCFICH, according to the number of CCEs required to send the desired DCI messages in the current subframe. However, it is likely that the number of OFDM symbols would often need to be “rounded-up” to accommodate the required DCIs, leading to wasted resources, which cannot be used by PDSCH. Given 14 OFDM symbols per subframe (for normal CP), then k OFDM symbols across the whole system bandwidth would be equivalent to about [image: image3.png]kNDE/14



 PRB pairs, or about 7 PRB pairs per OFDM symbol for a system bandwidth of 100RBs. 
In contrast, for ePDCCH, any PRB pairs which are not required for actual transmission of eDCIs in a given subframe can be re-used for PDSCH. However, RAN1 has agreed that ePDCCH and PDSCH cannot be multiplexed together in the same subframe, so a PRB pair which is only partly filled with ePDCCH will still lead to wasted resources. On this basis, the worst case (in the sense of inefficient resource usage) for ePDDCH is likely to be for distributed transmission where a just a single eDCI message would require reservation of m PRB pairs, where m is the diversity order. For the purposes of this discussion we consider suitable candidate values for m as 2, 4 or 8, which means that for distributed transmission a minimum of either 2, or 4 or 8 PRB pairs respectively would need to be allocated for ePDCCH in a given subframe. In practice the required resource could be a multiple of m, including 0, which would apply when there is no eDCI message to be sent in the subframe.  
3. Comparison of multiplexing efficiency

In this contribution we evaluate the multiplexing efficiency for some example cases, in terms of the minimum number of PRB pairs (or equivalent) that need to be reserved as a function of the loading on PDCCH/ePDDCH in different scenarios. In order to simplify the analysis we make the following assumptions:-

· The system is operating in FDD mode with normal cyclic prefix

· The minimum unit of resource allocation is one eCCE

· Four eCCEs can be multiplexed in a single PRB pair 

· For fair comparison of between PDCCH and ePDDCH we assume the same overheads i.e. that [image: image5.png]4NEE /14



 CCEs can be multiplexed per OFDM symbol reserved for PDCCH 
· All the resources reserved for PDCCH and ePDCCH can be used for CCEs (or eCCEs) without any blocking 

· The control channel loading is dimensioned in terms of the number CCEs that need to be transmitted in a given subframe, without considering the aggregation levels involved
· The maximum loading considered here is that which could be supported by PDCCH with 3 OFDM symbols

First we consider the case of a 20MHz system bandwidth and localized ePDCCH. With localized ePDCCH transmission it should be possible, at least in principle, that the number of PRBs required rises in direct proportion to the number of CCEs that need to be transmitted.  This is shown in Figure 1(a). Since the PDCCH allocation must be an integer number of OFDM symbols, use of localized ePDCCH could save a significant fraction of the total resource (of 100 PRB pairs in this case). This is shown in Figure 1(b). However, in order to achieve such savings it must be possible to dynamically adjust the use of PRBs to the CCE loading, while enabling a given UE to find its own DCI message(s) within the used transmission resources (up to around 20 PRB pairs under the current assumptions). In order to avoid an excessive blind decoding load, some kind of dynamic signaling is required to indicate the resources that form the search space (i.e. PCFICH).  
Next we consider a 20MHz system bandwidth with distributed ePDCCH. As discussed previously, for a given diversity order m, the number of PRB pairs which would need to be allocated is a multiple of m. 
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Figure 1: System BW 20MHz: (a) Number of reserved PRB pairs vs CCE loading got PDCCH and localized ePDCCH transmission; (b) Percentage of total system resource saved by using ePDCCH
This means that the granularity of resource allocation for distributed ePDCCH will be coarser than for localized ePDDCH. The effect of this is shown in Figure 2, where we assume diversity order 4. Unfortunately, depending on the CCE loading, in some cases multiplexing efficiency of ePDCCH may be significantly lower than for PDCCH.
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Figure 2: System BW 20MHz: (a) Number of reserved PRB pairs vs CCE loading for PDCCH and distributed ePDCCH transmission with diversity order 4; (b) Percentage of total system resource saved by using localized ePDCCH

The situation becomes more serious for smaller system bandwidths, as illustrated in Figure 3. Efficiency improvements compared to PDCCH are still available for localized ePDCCH, but more difficult to find for distributed transmission. These issues would become even more serious if diversity order 8 were to be supported.
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Figure 3: System BW 5MHz: (a) Percentage of total system resource saved by using localized ePDCCH, (b) Percentage of total system resource saved by using distributed ePDCCH with diversity order 4.
4. Conclusions
In this contribution we have shown that the multiplexing efficiency of ePDDCH can be significantly higher than for PDCCH, in terms of resource usage as a function of CCE loading. The greatest resource savings are available for larger system bandwidths and localized ePDCCH. In order to achieve these efficiency benefits, and avoid significant efficiency loss, particularly for small system bandwidths and distributed transmission we recommend the following:-

· Support for dynamic indication of ePDCCH resource allocation, i.e. “ePCFICH”, to achieve multiplexing efficiency without excessive blind decoding load

· Attention to ePDCCH design for distributed transmission in order to optimize multiplexing efficiency (e.g. consideration of the maximum diversity order to be supported, multiplexing with localized ePDCCH)      
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