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1. Introduction

In RAN1#60 San Francisco meeting, it was agreed that the transmission mode is not constrained to be the same on all component carriers (CCs) scheduled for a UE. This implies that cross-carrier scheduling for a UE can be performed between DL CCs where different transmission modes are configured for the UE between the CCs. However, this also implies increase in the number of PDCCH blind decode (BD) attempts. On the other hand, new DCI formats are supposed to be newly introduced for some LTE-A features, increasing the number of BD attempts. Therefore, the increase in BD should be carefully considered. And the maximum number of the BD should be strictly limited.
In this contribution, we discuss the avoidance of increase in BD, focusing on some restrictions on linkage between PDSCH and PDCCH. And we show our views on Option 1, Modified Option 1 and Option 2 [1].
2. Discussion
2.1. Restriction on cross-carrier scheduling
In cross-carrier scheduling, if a DCI format addressing different cross-carrier-scheduled carrier (PDSCH carrier) can appear with different sizes in the same search space on a PDCCH-monitoring carrier (PDCCH carrier), the number of PDCCH blind decode (BD) should be increased. This can happen when the bandwidths are different between PDCCH carrier and its associated PDSCH carrier. This can be resolved by inserting appropriate number of padding bits in the DCI formats and making the DCI formats the same in size. However, the padding bits can be overhead and cause wasteful power consumption. Most straightforward solution to the avoidance of increase in BD attempts seems to perform cross-carrier scheduling between CCs where the DCI format by which the scheduled PDSCH is addressed appears to be the same in size between the CCs. That is, cross-carrier scheduling should be done between CCs where the bandwidth is the same and the transmission mode configured for the UE is the same between the CCs.
Some different DCI formats with CIF would appear in the same size on a PDCCH carrier. In this case, assuming that the UE knows the transmission mode applied to each PDSCH carrier, the DCI formats can be distinguished thanks to the presence of CIF in the DCI formats. For example, DCI formats 1B and 1D on CCs having the same bandwidth. If two CCs used for a cross-carrier scheduling have the same bandwidth, the PDCCH carrier configured in transmission mode 6 can address the PDSCH carrier configured in transmission mode 5, without increase in the number of BD attempt, as shown in Figure 1. 
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Figure 1
In some cases, cross-carrier scheduling can be possible between CCs having different bandwidths without increase in the number of BD as shown in Figure 2.

[image: image2.wmf]2

A

1

B

PDSCH

PDSCH

same SS

Transmission

mode 

=

6

Transmission

mode 

=

3

BW

=

10 

MHz

BW

=

1

.

4 

MHz

same size


Figure 2
Proposal: To avoid the number of blind decode not to be increased, cross-carrier scheduling should be done between CCs where the DCI format by which the scheduled PDSCH is addressed appears to be the same in size between the CCs. Or cross-carrier scheduling should be done when a DCI format from a PDSCH carrier has the same size as the DCI format determined by the transmission mode applied to the PDCCH carrier and the PDCCH carrier addresses the PDSCH carrier.
If a UE DL CC set contains more than 2 CCs, the set may be divided into several groups if possible, according to transmission bandwidth and transmission mode as exemplified in Figure 3. One group can contain more than 2 CCs. It is not necessary to inform UE which CC belongs to which group. UE is informed which CCs are PDCCH carriers and which PDCCH carrier addresses which CCs. In a group UE can assume that DCI format by which the scheduled PDSCH is addressed appears to be the same in size between the CCs.
[image: image3.wmf]BW

#

1

,

TM

#

A

BW

#

1

,

TM

#

A

BW

#

2

,

TM

#

B

BW

#

2

,

TM

#

B

BW

#

1

,

TM

#

A

group 

#

1

group 

#

2

BW

#

3

,

TM

#

C

BW

#

4

,

TM

#

D

BW

#

4

,

TM

#

D

BW

#

3

,

TM

#

C

group 

#

3

CC

#

1

CC

#

5

CC

#

3

CC

#

4

CC

#

2

CC

#

1

CC

#

3

CC

#

4

CC

#

2

PDCCH

/

PDSCH

carrier

PDSCH

carrier

PDSCH

carrier

PDSCH

carrier

PDSCH

carrier

PDCCH

/

PDSCH

carrier

PDCCH

/

PDSCH

carrier

Freq

.

Freq

.


Figure 3  Group of component carriers
Cross-carrier scheduling is thought to be beneficial in a scenario where wideband carriers and narrowband carriers are aggregated. So we additionally make the following proposal.

In cross-carrier scheduling between CCs having different bandwidths, PDCCH carrier should be paired only with PDSCH CCs having the same bandwidth as the other PDSCH carriers, and on all the PDSCH carriers paired with the PDCCH carrier, the same transmission mode should be configured for the UE. This is illustrated in Figure 4.
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Figure 4　Restriction on cross-carrier scheduling between CCs with different bandwidths

2.2. Option 1, Modified Option 1 and Option 2

PDCCH blocking happens more frequently in Option 1 than in Modified Option 1 or Option 2. However, the PDCCH blocking occurrence problem can be relaxed by increasing the size of UE-specific search spaces on PDCCH carrier in some cases. And increasing the size of PDCCH monitoring set may further relax the problem. If UE-specific search space sizes are increased from those in Rel’8, Option 1 is supportable.
Modified Option 1 can be more freed from PDCCH blocking problem than Option 1 can be, for the following reason: if PDCCHs (with CIF included) for PDSCH/PUSCHs from multiple CCs have the same payload size, the search spaces of these PDCCHs can be shared [2]. Modified Option 1 might be more supportable than Option 1.
In Option 2, the PDCCH blocking happens least among the three options. However, if fully flexible cross-carrier scheduling, in terms of transmission bandwidth and transmission mode, is allowed between a PDSCH carrier and its associated PDCCH carrier, the number of blind decode attempts should be significantly increased. So if Option 2 is supported, some restrictions　should be imposed on combinations of transmission bandwidth and transmission mode, applied to the PDSCH carrier and its associated PDCCH carrier.

3. Conclusion

· To avoid the increase in number of blind decode, cross-carrier scheduling should be done between CCs where the DCI format by which the scheduled PDSCH is addressed appears to be the same in size between the CCs. Or cross-carrier scheduling should be done when a DCI format from a PDSCH carrier has the same size as the DCI format determined by the transmission mode applied to the PDCCH carrier and the PDCCH carrier addresses the PDSCH carrier.
· If a UE DL CC set contains more than 2 CCs, the set may be divided into several groups if possible, according to transmission bandwidth and transmission mode. UE is informed which CCs are PDCCH carriers and which PDCCH carrier addresses which CCs.
· In cross-carrier scheduling between CCs having different bandwidths, PDCCH carrier should be paired only with PDSCH CCs having the same bandwidth as the other PDSCH carriers, and on all the PDSCH carriers paired with the PDCCH carrier, the same transmission mode should be configured for the UE.
· If UE-specific search space sizes are increased from those in Rel’8, Option 1 is supportable.

· Modified Option 1 can be more freed from PDCCH blocking problem than Option 1 can be. Modified Option 1 might be more supportable than Option 1. 

· If Option 2 is supported, some restrictions should be imposed on combinations of transmission bandwidth and transmission mode, applied to the PDSCH carrier and its associated PDCCH carrier.
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