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1. Introduction
At the last few RAN1 meetings numerous contributions have enumerated the benefits of scheduling DL resources on a component carrier (CC) which is different from the CC carrying the PDCCH.  Consequently it was agreed in RAN1 #58 that a PDCCH on a component carrier (CC) can assign PDSCH or PUSCH resources on multiple CCs using a carrier indication (CI) field. Furthermore, it was also agreed in RAN1 #58 [1] to re-use the Rel-8 PDCCH structure including coding and CCE-based resource mapping. It was also noted that the carrier indication is necessary for an asymmetric carrier aggregation system with more UL CCs than DL CCs. The outstanding issues for this cross-carrier scheduling feature include the following: 
· CI signalling structure
· Solution to PCFICH detection error on the cross-scheduled CC, and 
· Scheduling on CCs with different bandwidths. 
In this contribution, we describe these outstanding issues, enumerate the possible solutions, and state our preferences. 
2. Discussion
2.1. CIF Structure
The Rel-8 PDCCH decoding complexity depends on two factors: the number of search space candidates and the number of possible payload sizes (equivalently the number of possible DCI format sizes) to check for at each candidate location in the search space (UE-specific or common). For the UE-specific search space the DCI formats 0/1A, and one other transmission mode-dependent DCI format determine the number of blind decodes. Therefore, for the same aggregation level an increase in the DCI payload size by a 1 – 3 bit CI field does not necessarily increase the number of blind decodes on a component carrier as small padding can be reasonably used to equalize the payload sizes when necessary. However, for the same aggregation level it increases the effective coding rate, or equivalently, it reduces the energy per information bit.  In principle the CI field size could be variable and implicitly signalled to the UE based on the configured DL CC/UL CC set. Allowing for a variable CI field would mean possibly different field sizes for DL grants and UL grants. In essence, more padding is required  thereby increasing the specification complexity because there may be more cases of DCI format ambiguity due to repeated rate-matched coded bits across aggregation levels as was shown in Rel-8.  Moreover, it was shown in [2] that for a 5 MHz TDD carrier the energy-per-bit reduces by approximately 0.3 dB for DCI format 1. Therefore, the flexibility and energy efficiency offered by a variable field size does not offset the resulting specification and testing effort that is required. 
Proposal 1: We propose to keep the CI field size fixed at 3 bits.

Proposal 2: The CI field should be UE-specific and can be configured for the UE based on, e.g. interference, load balancing, and carrier deployment scenarios. 
Another issue that arises is whether the CI field should be applied to PDCCHs located in the common search space.  Since DCI formats 0/1A can appear in both the UE-specific and common search spaces, these formats, when located in the common search space, need to be distinguished from the baseline Rel-8 format and an LTE-A format with a CI field. Several options were proposed in [3] as follows
1. DCI formats 0/1A are based on Rel-8 structure (no CI field) when located in the common search space.
2. Use C-RNTI for 0/1A with CI field and use temporary C-RNTI/SI-RNTI/RA-RNTI/P-RNTI when there is no CI field.
Note that option 1 could result in a scheduling restriction for a UE if it is already blocked in the UE-specific search space. On the other hand option 2 increases the number of blind decodes by 6 because the UE must search for a Rel-8 DCI 0/1A PDCCH, and also search for a new DCI 0/1A PDCCH with a CI field. It was assumed in [3] that since DCI formats 1C and 3/3A are located in the common search space, and should have backward compatibility for Rel-8 UEs, they should not carry the CI. This is strictly true if the group of UEs addressed by 3/3A contain a mix of Rel-8 and LTE-A UEs. On the other hand a power control command can be sent to a group of LTE-A UEs transmitting on a non-backward compatible UL CC. An example is shown for a symmetric carrier aggregation of two CCs in Figure 1. It can be seen that one UL CC is backward compatible while the other UL CC is not, and as such would not support Rel-8 UEs. Hence, carrier indication signalling is required for the group power control command to the non-backwards compatible CC. Note that the RAN1 #58bis agreement on power control for carrier aggregation specifies CC-specific power control.
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Figure 1 Symmetric carrier aggregation with CI for format 3/3A
Again two approaches are possible here:

1. No cross-scheduled DCI format 3/3A

2. Send DCI format 3/3A for LTE-A UEs for a different UL CC by masking the TPC-PUSCH-RNTI with the CI field. 
Option 1 may affect closed-loop power control on the cross-scheduled CC, while option 2 increases the RNTI usage. However, we note that this increase is limited since it addresses a group of UEs. 

Proposal 3: Further study of methods to indicate power control commands for a group of LTE-A UEs on a CC when the corresponding DCI format 3/3A is sent on a different CC.

2.2. CI Addressing Pattern
To avoid ambiguity during CC assignment to the UE, the CI field should have a simple implicit addressing scheme mapping the value of the field to the component carrier. For example, the CCs can be ordered according to the numerology. Figure 2 shows an example using a fixed 3-bit CI field for carrier aggregation of three contiguous CCs and one CC which is not contiguous with the other CCs and could even be in a different band. It is assumed that the number of DL (and UL) CCs in the cell is provided in the D-BCH. 
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Figure 2 Bit addressing based on RF numerology
One advantage of this mapping scheme is that it is independent of the UE-specific DL CC. In addition it is general for both DL and UL, and it also simplifies testing requirements. 
Proposal 4: The CI field provides an implicit addressing providing a one-to-one mapping between the binary value of the field and the corresponding component carrier. 

2.3. PCFICH detection

When a UE receives a PDCCH indicating a DL grant on a CC different from the CC in which the PDSCH is transmitted, the problem of PCFICH detection on this PDCCH-less CC was shown in [4]. A list of solutions to this problem were proposed at the RAN1 #58bis meeting including
1. Semi-static assignment of the control format indicator (CFI)

2. Assuming the same CFI as the CC carrying the PDCCH with CI

3. Explicit signaling of the CFI with a separate CFI field in the DCI payload

4. Masking the CRC with a modified C-RNTI given by C-RNTI + CI

5. CFI-based scrambling of the encoded control information
6. Enhancing PCFICH detection by power boosting. 
Semi-static assignment (e.g. CFI sent through RRC signalling) inherently assumes that the CFI does not change on a subframe basis, which may or may not be the case in practice. It was shown in [5] that Option 2 results in unused REs when the CFI on the CC carrying the PDCCH is greater than the CFI on the CC without PDCCH. Conversely, when the CFI on the CC carrying PDCCH is smaller this results in punctured PDSCH REs.  While this scheme results in zero additional overhead the performance has to be evaluated especially for the case of punctured PDSCH REs. Options 3 – 5 were proposed in [6] where the advantages/disadvantages of each method were enumerated. In summary, more study is required to evaluate all these options in terms of overhead and performance.
2.4. Cross-carrier scheduling on CCs with different bandwidths
The resource allocation field of the Rel-8 DCI payload depends on the DL or UL bandwidth, 
[image: image3.wmf]DL

RB

N

or
[image: image4.wmf]UL

RB

N

. There could be a potential increase in blocking probability particularly when the PDCCH-carrying CC is of a different bandwidth compared to cross-scheduled CC. Two solutions were proposed in [5] as follows
1) The CI can only consider/address the CCs whose DCI sizes are equal to or smaller than the corresponding DCI size of the carrier transmitting the DCI with the CI.

2) The CI can consider/address any CC; in case the cross-scheduled CC has a larger DCI size (e.g. a higher BW CC), the resource allocation has a reduced BW or coarser granularity.
The problem with option 1 is that for interference control in heterogeneous networks the selection rule is to avoid sending a PDCCH on a CC experiencing high interference. This CC could very well be a CC with a BW larger than the other CCs in the cell. Option 2 removes this restriction if a coarser granularity is used. The exact mapping scheme for coarser granularity is FFS. However, a reasonable guideline would be to restrict a CC to scheduling only one larger BW-class CC. For example, a 5 MHz CC can schedule a PDSCH on a 10 MHz CC but not on a 20 MHz CC.
Proposal 5:  A component carrier can schedule PDSCH on a CC with larger BW but with a restriction on how large the bandwidth difference can be. Further, a component carrier is allowed to cross schedule any component carrier(s) with bandwidths smaller to, or equal to it.

3. Conclusion
This contribution proposes the structure, signalling and addressing of the CI field. In particular we propose that 
Proposal 1. The CI field size is fixed to 3 bits regardless of the number of the size of the DL CC set.
Proposal 2. The CI field should be UE-specific and semi-statically configured based on interference, load balancing, and carrier deployment scenarios. 

Proposal 3. Further study of methods to indicate power control commands for a group of LTE-A UEs on a CC when the corresponding DCI format 3/3A is sent on a different CC.
Proposal 4. The CI field provides an implicit addressing providing a one-to-one mapping between the binary value of the field and the corresponding component carrier. 
Proposal 5. A component carrier can schedule PDSCH on a CC with larger BW but with a restriction on how large the bandwidth difference can be. Further, a component carrier is allowed to cross schedule any component carrier(s) with bandwidths smaller to, or equal to it.
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