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1. Introduction

At the RAN1 #57 meeting, it was agreed as baseline that for LTE-A PDCCH design there will be separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits, and in case of 0 bits no carrier indicator. Therefore, while the separate coding PDCCH scheme is accepted, whether CC indicator is included in PDCCH or not is still FFS. 

In this document we address some flexible implementations of PDCCH with or without CC indicator. In addition we further consider the size of CC indicator.

2. PDCCH for carrier aggregation 

There have been lots of discussions on PDCCH design for carrier aggregation [1]-[5]. During RAN1 #56bis and #57 meetings, some discussions on how to encode and transmit PDCCH for multiple carrier aggregation in LTE-A were continued. As a result, only two options as shown in Figure 1 are survived for further discussion [6].
· Option 1a: One PDCCH indicates an allocation on the same CC, i.e. PDCCH with no carrier indicator.

· Option 1b: One PDCCH indicates an allocation on the same or a different CC, i.e. PDCCH with non-zero bits carrier indicator.
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Figure 1. Two PDCCH options for LTE-A
Option 1a is a straightforward LTE extension for DL assignments. Since the PDCCH CC position implicitly indicates the assigned CC for the PDSCH, no explicit CC indication, for example, CCI bits, RNTI or CRC mask [7] in the PDCCH may be necessary. In addition, the search space of each CC is maintained the same as Rel-8. So the block probability would not be increased.

For option 1b, reliability of PDCCH can be improved in heavy interference scenarios, such as home eNB and Relay, where the interference on some CCs may be serious, so one reliable CC can be selected to transfer the PDCCH for other CC. Flexible aggregation type can be supported, without any restrict to the number of CC in UL and DL. More merits of option 1b are summarized in [8]-[10].

Considering agreements at RAN1 #57bis, three CC types were discussed as: backwards compatible carrier; non-backwards compatible carrier; extension carrier. The current understanding on extension carrier is a carrier that cannot be operated as a single carrier (stand-alone). Therefore, the extension carrier may be the non-backwards compatible carrier without PDCCH. So the data transmission on the extension carrier shall be indicated by PDCCH on another DL CC. Such extension carrier can improve spectral efficiency and allow optimized operations for LTE-Advanced. 
Based on above merits of each option and extension carrier definition, it is proposed that option 1a and 1b are supported in LTE-A and can be configured in UE-specific way or Cell-specific way according to specific scenario. The option would be informed to each UE by the higher layer signaling. E.g. in Figure 2, CC#1~CC#4 are backwards compatible or non-backwards compatible carriers; CC#5 is extension carrier.
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Figure 2. UE-specific PDCCH structure configuration

Proposal 1: Option1a and 1b are supported in LTE-A and can be configured in UE-specific way or Cell-specific way according to specific scenario.
Besides UE-specific or Cell-specific configuration, option 1a and 1b could also be hybrid configured for specific UEs. Considering the scenario with extension CC configuration or the scenario of UL-heavy asymmetric aggregation, Option 1a could not deal with the resource assignment individually. Here partial CC could be configured with Option 1b to work for extension CC or UL extra CC. This configuration could make full use of the merits of Option 1a as much as possible. As shown in Figure 3, partial backwards compatible or non-backwards compatible CCs among UE DL/UL Component Carrier Set are configured with option 1a and partial CCs with extension carrier are configured with option 1b. 
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Figure 3. CC-specific PDCCH structure configuration

Proposal 2: Option1a or 1b can be configured for partial CCs among UE DL/UL Component Carrier Set separately in some scenario.
Fixed 3 bits could be defined as the carrier indication in DCI. However it is uneconomical, especially for UEs configured with less CCs. The number of bits used for the carrier indication field can be a configuration parameter that would depend on the number of configured carriers for DL and UL data transmission. UE could implicitly conclude how many bits to expect for carrier indication in the DL/UL assignments based on the number of DL/UL carriers configured for data transmission on DL/UL. This scheme could save several bits in DCI without any increase of additional signaling or processing complexity for UEs configured with less CCs. Figure 4 gives out the illustration. The information of how many bits are used for carrier indication in assignments could also be explicitly signalled to the UE by higher layer signalling. 
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Figure 4. UE-specific CCI configuration

Proposal 3: CCI bits can be a configuration parameter that would depend on the number of configured carriers for DL and UL data transmission.
3. Conclusions
In this contribution, we further considered the PDCCH design for carrier aggregation. We have following 3 proposals: 

Proposal 1: Option1a and 1b are supported in LTE-A and can be configured in UE-specific way or Cell-specific way according to specific scenario.
Proposal 2: Option1a or 1b can be configured for partial CCs among UE DL/UL Component Carrier Set separately in some scenario.
Proposal 3: CCI bits can be a configuration parameter that would depend on the number of configured carriers for DL and UL data transmission.
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