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1. Introduction

In RAN1#57bis, component carrier types in LTE-A have been discussed with the following agreements:

· UE DL Component Carrier Set:

· The set of DL component carriers configured by dedicated signaling on which a UE may be scheduled to receive the PDSCH in the DL.

· UE UL Component Carrier Set: 

· The set of UL component carriers on which a UE may be scheduled to transmit the PUSCH in the UL.

· FFS whether the definition of the UL CC set will be needed in the specifications
Further, in RAN1 58# meeting, a way forward on PDCCH design in LTE-A [1] was agreed, and cross carrier scheduling is supported in LTE-A. In addition, consensus has been reached that limiting the number of blind decodings is desirable for cases with or without cross carrier scheduling.
With cross carrier scheduling, one related issue is on which set of CCs a UE shall monitor PDCCH. There are mainly three possible options: 

· Option 1: A UE monitors PDCCH on a single DL CC.

· Option 2: A UE monitors PDCCH on a set of DL CCs, denoted as “PDCCH active CC Set” [2]. Further, PDCCH active CC set is a subset of UE DL CC Set.
· Option 3: A UE monitors PDCCH on all CCs within UE DL CC Set.
In this contribution, we discuss the above three options and show our preferences.
2. Discussion 
In this section, we compare the three design options for PDCCH monitoring component carrier set from several aspects, including PDCCH blind decoding, PDCCH blocking probability, and associated benefits for uplink.
2.1. PDCCH blind decoding
The number of PDCCH blind decoding attempts depends on the number of DCI format sizes that a UE needs to monitor and the number of candidate CCE resources in the search space. With cross carrier scheduling, PDCCH in one CC can indicate scheduling information for multiple CCs in the UE DL/UL CC set. Due to the possibly different bandwidths and/or transmission modes on different component carriers, the number of DCI format sizes that a UE needs to monitor may increase. Hence, the number of blind decoding attempts with cross carrier scheduling can be larger than without cross carrier scheduling.
To compare PDCCH blind decoding complexity of the three options, we assume that the common search space and UE-specific search space on each DL CC has the same structure as Rel-8. Furthermore, it is assumed that PDCCH in the UE-specific search space can be used for cross carrier scheduling. The assumptions and notations are summarized as following: 
· Number of DCI format sizes: 
· Number of different bandwidths in UE DL/UL component carrier set: K
· Number of transmission schemes with different DCI format sizes for each component carrier: L
· Number of candidate CCE resources
· Common search space: 6

· UE specific search space: 16

With the above assumptions, the PDCCH blind decoding complexity of the three options are:

· Option 1: A UE monitors PDCCH on a single DL CC. Hence, the number of PDCCH blind decodings is
· Common search space: 6*2
· UE specific search space: K*L*16
· Overall attempts:  6*2+ K*L*16
· Option 2:  Assuming the PDCCH active CC Set contains m CCs, the number of PDCCH blind decodings is:

· Common search space: m*6*2
· UE specific search space: m*K*L*16
· Overall attempts:  m*(6*2+ K*L*16)
· Option 3: Assume the UE DL CC set has N CCs, the number of PDCCH blind decoding attempts is:
· Common search space: N*6*2 
· UE specific search space: N*K*L*16
· Overall attempts:  N*(6*2+ K*L*16)
The number of PDCCH blind decodings for the deployment scenarios defined by RAN4 [4] is shown in Appendix A. Based on the above analysis, it is clear that Option 1 has the lowest number of PDCCH blind decodings and Option 3 requires the largest number of PDCCH blind decodings. For Option 2, the number of PDCCH blind decodings depends on the number of component carriers in the PDCCH active CC set. Hence, Option 2 provides the flexibility of controlling the number of PDCCH blind decodings. Note that the PDCCH active CC set can contain only one CC, or the complete set of UE DL CCs. Therefore, Option 1 and Option 3 are special cases of Option 2.
Summary:

· Number of PDCCH blind decodings increases linearly with the number of CCs on which UE shall monitor PDCCH.
· Concept of “PDCCH Active CC Set” provides the flexibility of controlling the number of PDCCH blind decodings.
2.2. PDCCH blocking probability

With cross carrier scheduling, PDCCH blocking probability of the three options is compared as following:
· Option 1: All PDCCHs for a UE are transmitted in one CC. The PDCCH blocking probability can increase significantly.
· Option 2: The PDCCHs for a UE can be balanced in the CCs of the PDCCH active CC Set. Hence, it alleviates the PDCCH blocking probability compared to Option 1
· Option 3: The PDCCHs for a UE can be balanced in the CCs of the UE DL CC set, which further alleviates the PDCCH blocking probability compared to Option 2
Summary:     
· The PDCCH blocking probability is Option 1 > Option 2 >Option 3

· Concept of “PDCCH Active CC Set” provides flexible tradeoff between PDCCH blocking probability and PDCCH blind decoding complexity.
2.3. Benefits of Uplink
With the concept of PDCCH Active CC Set, there are some benefits for UL control channel design [5].
· Reduction of  dynamic ACK/NACK resource reservation

In order to support UE-specific asymmetric carrier aggregation, the maximum amount of dynamic ACK/NACK resource reservation in each UL CC depends on the maximum ratio of CCs in UE DL/UL CC set. On the other hand, with PDCCH Active CC Set, the maximum amount of dynamic ACK/NACK resource reservation in each UL CC depends on the maximum ratio of CCs in UE PDCCH active CC Set and UE UL CC Set. Since PDCCH active CC Set is a subset of UE DL CC Set, dynamic ACK/NACK resource reservation can be reduced with PDCCH active CC set.
· Improved detection performance of multi-channel ACK/NACK transmission.

When multiple PDCCHs are transmitted in one DL CC for a UE, the multiple ACK/NACK feedbacks may be transmitted within the same PRB, which allows improved channel estimate and  better detection reliability [5].
3. Conclusions
In this contribution, we discuss the benefits of introducing “PDCCH active CC Set” in LTE-A. With cross carrier scheduling, the concept of PDCCH active CC set provides flexibility to control the tradeoff between PDCCH blind decoding complexity and PDCCH blocking probability. In addition, it has several benefits in terms of UL ACK/NACK transmission. Therefore, we propose that PDCCH active CC set is defined in LTE-A.
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5. Appendix A
In this section, we list the number of PDCCH blind decodings for the deployment scenarios defined in RAN4 [4]. The PDCCH blind decoding attempts of the three options are: 

· Option 1: 6*2+ K*L*16,
· Option 2: m*(6*2+ K*L*16)
· Option 3: N*(6*2+ K*L*16)
where K is the number of different CC bandwidths, L is the number of transmission schemes, m is the size of PDCCH active CC Set, N is the size of UE DL CC set. It is assumed that two transmission schemes (i.e. L = 2) exists for each DL CC, and the two transmission schemes are the same for all CCs. With these assumptions, the maximum number of PDCCH blind decoding attempts is shown in Table 1.
Table 1: PDCCH blind decoding attempts for RAN4 defined deployment scenarios
	Scenario No.
	BW
	No of LTE-A component carriers
	Without cross carrier scheduling 
	Option 1
	Option 2

(m=2)
	Option 3

	1
	UL: 40 MHz

DL: 80 MHz
	UL: 2x20 MHz CCs

DL: 4x20 MHz CCs
	176          
	44
	88
	176

	2(TDD)
	100 MHz
	5x20 MHz CCs
	220        
	44
	88
	220

	3(TDD)
	100 MHz
	5x20 MHz CCs
	220        
	44
	88
	220

	4
	UL: 40 MHz

DL: 80 MHz
	UL: 20 + 20 MHz CCs

DL: 2x20 + 2x20 MHz CCs
	176          
	44
	88
	176

	5
	UL: 10 MHz

DL: 10 MHz
	UL/DL: 5 MHz + 5 MHz CCs
	88          
	44
	88
	176

	6(TDD)
	80 MHz
	2x20 + 2x20 MHz CCs
	176          
	44
	88
	176

	7
	UL: 40 MHz

DL: 40 MHz
	UL/DL: 10 MHz CC + 10 MHz CC + 20 MHz CC
	132         
	76
	152
	228

	8
	30 MHz
	1x15 + 1x15 MHz CCs
	88          
	44
	88
	88

	9
	UL: 20 MHz

DL: 20 MHz
	UL/DL: 10 MHz CC + 10 MHz CC
	88          
	44
	88
	88

	10(TDD)
	90 MHz
	2x20 + 10 + 2x20 MHz CCs
	220                          
	76
	152
	380

	11
	UL: 20 MHz

DL: 40 MHz
	UL: 1x20 MHz CCs

DL: 2x20 MHz CCs
	88          
	44
	88
	88

	12
	UL: 20 MHz

DL: 60 MHz
	UL/DL: 20 MHz CCs

DL : 20 + 20  MHz CCs
	132          
	44
	88
	132
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