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1 Introduction
Blind decoding issue for carrier aggregation has been discussed in several contributions [1-5]. Especially for larger component carrier aggregation sizes, the number of blind decoding attempts will be very large. Therefore, it is desirable to reduce the peak and average blind decoding to decrease complexity and power consumption in case of carrier aggregation. In this contribution, we further discussed the possible schemes of reducing blind decoding attempts for carrier aggregation. 

2 Blind decoding for carrier aggregation
In this section we discuss the possible ways of reducing blind decoding (BD) attempts for carrier aggregation. Two cases listed below are considered since it has been discussed whether to keep the blind decoding attempts for single CC as 44 (i.e. monitoring 2 payload sizes on UE-SS) or extend it to 60 (i.e. monitoring 3 payload sizes on UE-SS) to support the new UL transmission schemes e.g. [6]. 

Case A: UE monitors 2 payload sizes on UE-SS (total 44 BDs for single CC) 

Case B: UE monitors 3 payload sizes on UE-SS (total 60 BDs for single CC) 
In case A, UE monitors DCI 0/1A and DL/UL DCI where the size of DL DCI and UL DCI is aligned by e.g. padding. In case B, UE monitors DCI 0/1A, DL DCI and UL DCI. 
Below we discuss several schemes for reducing the peak and the average number of BDs, respectively. 
Through the discussion, NDLCC denotes the number of DL component carriers. So the original number without any BD reduction scheme is 44 x NDLCC for case A and 60 x NDLCC for case B.

Schemes for peak BD reduction
· Scheme 1: Reduction of common search space ([2])
UE may need to monitor common search space only on one component carrier (anchor carrier) under the following assumption:
· Information on the configuration of other component carriers which a UE may use is provided in an (UE specific) anchor component carrier when UE is configured to use other component carriers. 

· RACH response is always transmitted on an (UE specific) anchor component carrier in RRC connected mode. 

· Paging is indicated on an anchor carrier in RRC connected mode. 

· DCI 3/3A for uplink power control is transmitted on an anchor carrier as discussed in [8].

Depending on the RAN2 discussion related to the above assumptions, the number of BD attempts can be reduced. The total number of BD attempts becomes 44+32x(NDLCC-1) for case A and 60+48x(NDLCC-1) for case B. 
· Scheme 2: Reduction of UE specific search space for DCI 0/1A 
Transmission mode dependent DCI format would be normally used for both DL and UL transmission. DCI 0/1A would be typically used as a fallback mode e.g. for a UE for which the channel quality becomes rapidly worse and requires to change the transmission mode via RRC message. Since only one component carrier is sufficient to transmit the RRC signaling, UE may need to monitor DCI 0/1A only on one component carrier (e.g. anchor carrier). In this case, UE monitors only DCI formats corresponding to DL and UL transmission modes on other carriers. Note that this scheme is only applicable to case B in which the UL DCI is blindly-decoded separately from DCI 0/1A. 
The total number of BD attempts for case B becomes 60 + 44 x (NDLCC-1) 
- Anchor carrier: 12 on C-SS, 48 on UE-SS (DCI 0/1A, DL DCI, UL DCI)
- Other carrier: 12 on C-SS, 32 on UE-SS (DL DCI, UL DCI)

· Scheme 3: Reduction of search space for non-anchor component carrier 

For UE with carrier aggregation, UE specific search space for non-anchor component carrier is reduced, e.g. by half (i.e. 32 to 16 for case A and 48 to 24 for case B). In this case, the total number of BD attempts becomes 44 + (12+16) x (NDLCC-1) for case A and 60+(12+24) x (NDLCC-1) for case B. 

Since reduction of the search space results in more PDCCH (CCE) blocking, careful investigation of such schemes is required
· Scheme 4: 2-step blind decoding (e.g. [3])
The first PDCCH (e.g. on anchor carrier) indicates the CCE aggregation levels and/or CCE locations for other component carriers. For example, PDCCH on (anchor) carrier indicates possible CCE aggregation sizes and CCE locations of other component carrier. In this method, decoding delay and reliability is a concern. 
Combination of the above schemes also can be considered. Table 1 and Table 2 shows the number of blind decoding attempts for scheme 1~3 and the combinations. 
Table 1: examples of the number of blind decoding attempts (case A: 44BDs per CC)
	
	NDLCC=1
	NDLCC =2
	NDLCC=3
	NDLCC=4
	NDLCC=5

	Without reduction

44xNDLCC
	44
	88
	132
	176
	220

	Scheme 1
44+32x(NDLCC-1)
	44
	76
	108
	140
	172

	Scheme 2
	NA
	NA
	NA
	NA
	NA

	Scheme 3
 44+(12+16)x(NDLCC-1)
	44
	72
	100
	128
	156

	Scheme 1+3
 44+16x(NDLCC-1)
	44
	60
	76
	92
	108


Table 2: examples of the number of blind decoding attempts (case B: 60 BDs per CC)
	
	NDLCC=1
	NDLCC =2
	NDLCC=3
	NDLCC=4
	NDLCC=5

	Without reduction

60xNDLCC
	60
	120
	180
	240
	300

	Scheme 1
60+48x(NDLCC-1)
	60
	108
	156
	204
	252

	Scheme 2
60+44x(NDLCC-1)
	60
	104
	148
	192
	236

	Scheme 3
60+(12+24)x(NDLCC-1)
	60
	96
	132
	168
	204

	Scheme 1+2

60+32x(NDLCC-1)
	60
	92
	124
	156
	188

	Scheme 1+2+3
60+16x(NDLCC-1)
	60
	76
	92
	108
	124


Schemes for average BD reduction 
· Scheme 5: Reduction of UE specific search space for uplink TX mode dependent DCI for DL heavy carrier aggregation
In case of asymmetric DL/UL carrier aggregation with more DL CCs, it is possible to restrict the CC in which PDCCH for UL grant is transmitted, i.e., a single PDCCH CC is configured for each PUSCH CC. For example, when UE is configured 4 DL CCs and 1 UL CC, UE is required to monitor only one DL CC for the PDCCH for the UL CC as shown in Figure 1. Therefore, the average number of blind decoding attempts can be reduced. In this case, the total number of blind decoding attempts is calculated as 16xNDLCC (DCI 0/1A) + 16xNDLCC (DL DCI) + 16xNULCC (UL DCI) + 12xNDLCC (C-SS).  This scheme can basically reduce the average number of blind decoding attempts. However, if UE carrier aggregation capability is asymmetric DL and UL, the peak number can also be reduced depending on the UE capability. 
[image: image1.emf]DL CC1 DL CC2 DL CC3 DL CC4

UL CC1 UL CC2 UL CC3 UL CC4

PDCCH

PDSCH

PUSCH


Figure 1: asymmetric DL/UL carrier aggregation
3 Conclusion 

We discussed the possible blind decoding reduction schemes for carrier aggregation. Based on the consideration above, we would like to further discuss the following schemes. 
· Reduction of common search space
· Reduction of search space for DCI 0/1A

· Reduction of UE specific search space for non-anchor component carrier

· Reduction of UE specific search space for uplink DCI for DL heavy carrier aggregation
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