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1
Introduction
In Rel-10, cross-carrier scheduling is supported for UEs in carrier aggregation (CA), such that a PDCCH scheduling a PDSCH on a component carrier (CC) may come from a different CC. Cross-carrier scheduling is in particular helpful for CA-based heterogeneous networks. In Rel-11, additional carrier types, especially non-backward compatible ones, may be supported. Cross-carrier scheduling can be also beneficial for those additional carrier types. In this paper, we discuss possible ways to improve efficiency of the cross-carrier scheduling.
2
Discussion
In Rel-10, a UE can be configured with 2 or more CCs. PDCCH for each CC is individually encoded and transmitted. Cross-carrier scheduling is supported, where a PDCCH scheduling a PDSCH on a component carrier (CC) may come from a different CC. When cross-carrier scheduling is configured for the UE, the UE will not monitor the CCs whose PDSCHs are cross-carrier scheduled. For instance, in the case of 2 CCs and cross-carrier scheduling, the SCC does not contain any UE-specific search space for the UE while the PCC contains two UE-specific search spaces, one for the PCC and the other for the SCC, which separately carries PDCCH for the PCC and the SCC, respectively.
In Rel-11, additional carrier types may be supported [1]. These carriers may be non-backward compatible and may also have relatively small system bandwidths. Such properties further motivate the usage of cross-carrier scheduling for simple, efficient and improved PDCCH resource management. 
However, individual PDCCH encoding and transmission for all the CCs may incur large PDCCH overhead, especially when the number of CCs is large. Note that regardless of the PDCCH payload sizes, a 16-bit CRC is always included in each PDCCH, targeting the same UE in CA. For small system bandwidth CCs under cross-carrier scheduling, the 16-bit CRC overhead can be even more pronounced, as the PDCCH payload size can be of the same level as the CRC length. 

Each PDCCH needs at least one CCE for its transmission. When there are numerous UEs each of multiple PDCCHs, PDCCH blocking probability may become a significant issue, especially when some PDCCHs need a large number of CCEs for reliable delivery. 
Therefore, it is of interest to investigate possible ways to address PDCCH overhead and blocking probability issues under cross-carrier scheduling in Rel-11. 
One possible way is to consider joint PDCCH encoding and transmission for multi-CCs in CA.  A similar concept already exists in TDD downlink/uplink configuration #0 for UL assignments, where a single PDCCH can schedule PUSCH transmissions over two neighboring uplink subframes.
Jointly encoded PDCCH can exploit potentially common fields across different CCs and utilize a single CRC for multiple CCs, for the benefits of reduced PDCCH overhead and lower PDCCH blocking probability. The information fields that can be potentially made common across different CCs should be further investigated, depending on the deployment scenarios (e.g., intra-band/inter-band, homogeneous/heterogeneous networks, small/large system bandwidths), via careful tradeoff analysis to ensure good PDCCH overhead savings and minimal scheduling impact. 
To illustrate the potential PDCCH overhead savings, consider an example of 2 CCs in FDD CA, each of 20MHz. A DCI format 1A has a payload size of 49 bit, as shown below.
Table 1 DCI format 1A, FDD, 20MHz, Cross-carrier scheduling is enabled, aperiodic SRS is configured
	Field
	Bit-width

	Carrier Indicator
	3

	Flag format0/format1A differentiation
	1

	Localized/Distributed VRB assignment flag
	1

	Resource allocation  
	13

	MCS
	5

	HARQ process id
	3

	New data indicator
	1

	Redundancy version
	2

	TPC 
	2

	Downlink Assignment Index
	0

	SRS Request
	1

	Zero-padding
	1

	CRC
	16

	Total:
	49


Under individual PDCCH encoding, this would result in a total payload size of 49*2 = 98 bits. Now for the case of joint PDCCH encoding, assume that:
· No carrier indicator field

· Common HARQ process ID across carriers

· Multiple carriers are handled in a similar way as multiple code words in MIMO format

· Other information fields are defined per carrier
Table 2 One possible way of joint PDCCH encoding, 2CCs

	Field
	Bit-width

	Flag format0/format1A differentiation
	1x2

	Localized/Distributed VRB assignment flag
	1x2

	Resource allocation  
	13x2

	MCS
	5x2

	HARQ process id
	3

	New data indicator
	1x2

	Redundancy version
	2x2

	TPC 
	2x2

	Downlink Assignment Index
	0

	SRS Request
	1x2

	Zero-padding
	0

	CRC
	16

	Total:
	71


In this example, joint PDCCH encoding results in an overhead reduction of almost 30%. The overhead savings can be even more significant when the PDCCH payload sizes are smaller, e.g., due to small system bandwidths [1].
3
Conclusions 

In this contribution, we discussed PDCCH overhead issues associated with cross-carrier scheduling particularly useful for CA based heterogeneous networks and additional carrier types. Joint PDCCH encoding and transmission is beneficial in reducing PDCCH overhead and is expected to bring down PDCCH blocking probability, which should be further studied for possible PDCCH enhancements in Rel-11.
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