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1
Introduction
In RAN1#59, it was decided that in LTE-A, cross-carrier DL and UL signalling is supported via a 3-bit carrier indicator field (CIF) embedded in PDCCH. The carrier indication is used to explicitly state for which carrier the assignment is intended.  In RAN1#59b, it was further agreed that the mapping from the carrier indicator (CI) values to component carriers (CCs) for each CC enabling CIF is UE specific, and the CI to CC mapping is configured by RRC. 
In this document we discuss the linkage between CC for DL control and CC for DL and UL data.
2 Discussion
DL and UL assignments for each component carrier are based on DCI format(s) for single carrier with an additional carrier indicator field of 0 or 3 bits. When the 3-bit CIF is introduced, the CC for DL control and the corresponding CC for DL or UL data may be different, resulting in cross-carrier control signalling.
One open issue is regarding the linkage between CC for DL control and CC for DL and UL data. In particular, two options were discussed, as summarized in [1]:

· Option 1: 

· Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, i.e. the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC 

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier 

· Option 2: 

· Support scheduling a PDSCH/PUSCH CC from more than one DL CC 

· For a given UE, each PDSCH/PUSCH CC can be scheduled only from a single DL CC in a given subframe in carrier aggregation scenario 

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier 

· This shall not increase the number of PDCCH blind decodes and or the PDCCH CRC false detection rate compared to a system not having CIF

A modified option 1 was also proposed as:

· Modified option 1

· For each PDSCH/PUSCH CC, eNB configures a single CC to primarily carry the corresponding PDCCH.

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier. 

· For each PDSCH/PUSCH CC, PDCCH on the DL carrier with CIF where the UE monitors PDCCH (other than the configured single CC) shall be able to schedule the PDSCH/PUSCH only if the same DCI payload size is applied.

The design philosophy of modified option 1 and option 2 is quite similar, i.e., increasing scheduling flexibility and trucking efficiency by allowing the possibility of scheduling of PDSCH or PUSCH transmissions from different CCs, with little or no additional cost. Option 2 is a superset of modified option 1, with the latter introducing additional limitations. 

In the sequel, we focus on the comparison of option 1 and option 2, although the same comparison is applicable to that of option 1 and modified option 1 as well.  
Option 1 limits that each PDSCH/PUSCH CC can be scheduled only from a single DL CC over all subframes on a semi-static basis. That is, once the single PDCCH CC for a PDSCH/PUSCH CC is semi-statically configured, it is fixed for all subframes. To be more specific, option 1 provides the following scheduling possibilities on a semi-static basis (using 2 DL CCs as an example):

[image: image1.wmf]CC

1

CC

2

Case 

1

CC

1

CC

2

Case 

2

CC

1

CC

2

Case 

3

CC

1 

schedules 

CC

1 

and CC

2

CC

2 

schedules 

CC

1 

and CC

2

CC

1 

schedules CC

1 

CC

2 

schedules CC

2


Figure 1 Scheduling possibilities of option 1, on a semi-static basis.

Option 2, in addition to the three cases above, can also provide the following possibility on a semi-static basis:
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Figure 2 Scheduling possibilities of option 2, on a semi-static basis

At any given subframe, as agreed in RAN1#59b, for a given UE, each PDSCH/PUSCH CC can be scheduled only from a single DL CC. However, on a per-subframe basis, case 4 allows a UE to have any of the three cases listed under option 1, as shown below:
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Figure 3 Scheduling possibilities of Option 2, on a per-subframe basis

Obviously, option 2 is a superset of option 1. There are two scenarios of interest:

· Scenario 1: The two CCs are of the same system bandwidth and transmission mode

· Scenario 2: The two CCs are of different system bandwidths and/or transmission modes

For scenario 1, option 2 provides better scheduling flexibility and trunking efficiency due to the increased number of PDCCH decoding candidates on a per PDSCH CC (or PUSCH CC) basis. On the other hand, option 2 still requires the same total number of blind decodes as option 1, and consequently, no additional complexity. Due to the increased number of PDCCH decoding candidates for each PDSCH/PUSCH CC, the PDCCH false alarm probability may increase from option 1 to option 2. Note that, however, the 3-bit CIF, once layer 3 configured, has a limited set of deterministic values which can serve to increase the “virtual CRC” length for reduced false alarm probability. As a result, the false alarm probability from option 2 is expected to be no worse than that of Rel-8. 
For scenario 2, as agreed previously, an upper limit on the total number of blind decodes is always enforced to prevent for configurations with high blind decodes requirements. 
To summarize:
· The benefits of better scheduling flexibility and trunking efficiency are achieved with the same number of blind decodes as option 1 (scenario 1) or with an always-enforced upper limit on the total number of blind decodes (scenario 2).
Therefore, we propose to support option 2 or option 2 with some restrictions, e.g., under the same system bandwidth and the same transmission mode. It would be up to the eNB to configure scheduling of a PDSCH/PUSCH on a CC – from only one CC (option 1) or from more than one CC (option 2). 
3
Summary 
In this document we compared the two options defining the linkage between CC for DL control and CC for DL/UL data, and showed that option 2 provides better scheduling flexibility and trunking efficiency with no additional blind decodes (under the same system bandwidth and transmission mode) or with an always-enforced max number of blind decodes (under distinct system bandwidth and/or transmission mode).
We propose to support option 2, possibly with some limitations (e.g., only under the same system bandwidth and the same transmission mode). It should be up to the eNB to configure scheduling of a PDSCH/PUSCH on a CC – from only one CC (option 1) or from more than one CC (option 2).
References

[1] R1-101661, “Summary from email discussion on CIF”, Ericsson






PAGE  
2/3

_1331929180.vsd
CC1


CC2


Case 4



_1331929364.vsd
CC1


CC2


Case 4


Layer 3 configuration


CC1


CC2


CC1


CC2


CC1


CC2


Layer 2 Scheduling


Subframe k1


Subframe k2


Subframe k3



_1331928985.vsd
CC1


CC2


Case 1


CC1


CC2


Case 2


CC1


CC2


Case 3


CC1 schedules CC1 and CC2


CC2 schedules CC1 and CC2


CC1 schedules CC1 CC2 schedules CC2



