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1 Introduction

In the previous meetings, it was decided to transmit one PDCCH within one component carrier (CC) when multiple CCs are aggregated. Thus, according to the mapping/coding of PDCCH information related to PDSCH/PUSCH from each CC, two basic PDCCH structures are under consideration, which are the separate coding PDCCH and joint coding PDCCH [1]. In this contribution, we analyse the two basic PDCCH structures, especially give a deep analyze for the two step PDCCH schemes. Finally we provide our preference.

2 Separate Coding PDCCH

In the structure of separate coding PDCCH, each PDCCH is related to a PDSCH/PUSCH in a CC, as straight forward from Release 8. In RAN1 #56bis, it is agreed FFS whether there should be fixed mapping between the DL component carrier carrying PDCCH and the DL/UL component carrier scheduled by the PDCCH, shown as option 1 and option 2 in Figure 1. 
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Figure 1.  Separate Coding PDCCH
For option 1, the most significant advantage is that it requires the least standardization effort. Each component carrier is scheduled in the same way as Release 8 and minor standard effort is needed for defining DCI formats. Although option 2 could improve the link performance of PDCCH by selecting better DL CC for PDCCH transmission dynamically, it requires the UE to receive multiple scheduled CCs simultaneously. Moreover, some additional indication for the relation between PDCCH carrier and PDSCH/PUSCH carrier is needed, and the blocking probability will be higher unless the search space could be extended and strict load balancing is applied between CCs if all the PDCCH of one UE are required to be placed in one CC. 

Basically, if no further optimization, overhead and blind detections of separate coding PDCCH increase lineally with the number of scheduled CCs. However, since LTE-A UE also needs to support decoding data rate increased linearly with the number of scheduled CCs and the ratio of overhead and data is maintained same as LTE R8, the overhead and blind detection should be acceptable. Moreover, methods in [2] have been provided to decrease the number of blind detections.
3 Joint Coding PDCCH

The joint coding PDCCH is transmitted in one UE specific CC for multiple PDSCH/PUSCH corresponding to multiple CCs. Since the resource assignment and MCS information for multiple PDSCH/PUSCH are jointly encoded, the PDCCH overhead may be reduced comparing with separate coding PDCCH, e.g. one CRC field is transmitted in single-step joint PDCCH. 

For joint coding PDCCH, two kinds of schemes have been proposed, single-step PDCCH where only one PDCCH is transmitted in the control region of one CC and two-step PDCCH where the joint coding PDCCH information is divided into two PDCCHs. Both kinds of schemes require additional standard effort for defining new DCI formats.
3.1 Single-step PDCCH for joint coding
According to whether the DCI format varies according to the number of scheduled CCs, the single-step PDCCH scheme can be divided into dynamic size joint PDCCH and fixed size joint PDCCH [3][4]. The significant issue of dynamic PDCCH is that it may lead to a large number of blind detection attempts due to dynamic scheduled CCs and many combinations of different transmission modes within multiple CCs. For fixed joint PDCCH where the DCI format is based on the number of semi-static monitored CCs, the benefit of joint PDCCH reducing overhead may not be obtained when the number of scheduled CCs is less than the number of semi-static monitored CCs. Moreover, high block probability derived from large PDCCH size is inevitable for both schemes.
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Figure 2.  Single-step PDCCH for joint coding
3.2 Two-step PDCCH for joint coding
To obtain the benefit of low blind detections in fixed size joint PDCCH and low overhead in dynamic size joint PDCCH, two-step PDCCH scheme is proposed to transmit the first-step PDCCH with fixed size which may contain some common fields or assistant information for the second-step PDCCH and then the second-step PDCCH with dynamic size which schedules each UE’s PDSCH/PUSCH, including resource assignment and MCS information [1][3][5][6]. There are two options for two-step PDCCH, as shown in Figure 3. Both options have the general PDCCH error propagation issue, compared to the separate coding PDCCH scheme.
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Figure 3.  Two-step PDCCH for joint coding
In option 1, both PDCCHs are transmitted in the control region, which has two issues as follows:

· Similar high PDCCH blocking probability issue as single-step joint PDCCH.
· Considering that the additional first step PDCCH will induce one more CRC overhead and should have fixed size to reduce blind detections, the achieved overhead reduction of joint PDCCH scheme is very marginal. 
To resolve the issue of high PDCCH blocking probability, option 2 is proposed that first-step PDCCH is transmitted in the control region and the second-step PDCCH is loaded by traditional data region. The first-step PDCCH needs to indicate the location of the second-step PDCCH. However, option 2 also has several issues as following:

· Decoding delay issues
· An additional decoding delay will be introduced for data transmission. The signal transmitted in the data regions of monitored CCs should be stored in UE’s buffer, and then only after finishing decoding the second-step PDCCH in data region the UE could start to decode its PDSCH. Thus, comparing with the Separate PDCCH, option 2 increases a delay for decoding additional 11~13 symbols, which brings higher requirement for UE’s buffer and may challenge the time interval for HARQ feedback.
· Overhead issues

· Multiple UEs can share a same time/frequency region for second-step PDCCH transmission. If adopting traditional mechanism of defining UE-specific searching space, the blocking probability issue will still exist. Else if certain indications should be provided for indicating the location of a second-step PDCCH in that region, which may bring additional overhead, where the overhead reduction may still be marginal comparing with separate PDCCH especially when the number of scheduled CCs is small. 
· If one UE’s second-step PDCCH are FDMed with RB unit in data region with other UE’s, the overhead for PDCCH information transmission may be higher than separate coding PDCCH. As the minimum resource unit in data region is one RB which has 132~156 REs (11~13 symbols *12 subcarriers) corresponding to a PDCCH with 4 CCEs, the high resource unit of second-step PDCCH may cause the overhead of option 2 to be higher than the separate coding PDCCH especially when less CCs are actually scheduled. 

· Although it is possible to improve the reliability of two-step PDCCH due to the second PDCCH occupies more frequency/time resource and utilizes high performance transmission mode [1], the PDCCH reliability could not exceed that in Release 8.
4 Conclusions

In this contribution, we analyse the PDCCH structures for carrier aggregation and the related issues of their detailed schemes. Since no variable scheme of joint coding PDCCH shows attractive performance improvement, we suggest adapting the separate coding PDCCH structure for its outstanding property in Release 8 reuse, scheduling flexibility and potential optimization solutions for reducing blind detections.
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