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1
Introduction
In RAN1#58 some details of PDCCH structure for bandwidth extension and support for cross carrier scheduling using a Carrier Indicator Field (CIF) were agreed as baseline as shown below[1] 

· PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier

· No carrier indicator field
· i.e. Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats

· PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field
· Rel-8 DCI formats extended with 1 – 3 bit carrier indicator field

· Reusing Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) 

· Solutions to PCFICH detection errors on the component carrier carrying PDSCH to be studied

· In both cases, limiting the number of blind decodings is desirable

· The presence or not of the CI field is semi-statically enabled (from chairman notes)

In this document, we propose further PDCCH design details accounting for cross-carrier operation using CIF.
2
Discussion
Before a UE can receive PDDCH assignments/grants with a carrier indicator field, it has to be configured with a DL/UL Component Carrier (CC) set indicating the CCs on which PDSCH/PUSCH resources are expected to be scheduled. The DL/UL CC set configuration message should also include a logical index (e.g. 000 – CC0, 001-CC2…) of various CCs within the UE’s DL/UL CC set. This logical index can be used for CIF signaling. 

[image: image1.emf]Extension 

carrier

1a 

CS from all CCs to all 

CCs

1b

CS from a subset of 

CCs to all CCs

1c

CS only from 1 CC to 

all CCs

1d

CS only from 1 CC to 

a subset of other CCs

1e

CS only from 1CC to 

1 other extension 

carrier


Figure 1 – Various scenarios for Cross Scheduling (CS) 
Figure 1 shows various scenarios for Cross Scheduling (CS) using a CIF field.Scenario 1a is the most flexible allowing any CC to cross schedule to any other CC within the UEs DL/UL CC set. Scenarios 1b to 1e are progressively less flexible and assume more restrictions on cross carrier operation. Number of bits for the CIF filed can be dimensioned for the most flexible scenario to facilitate forward compatibility with later releases. Therefore, we propose 3 bits for the CIF field as this will cover a UL/DL CC set size of up to 8 CCs. While the number of CIF field bits can be reduced depending on the DL/UL CC set size, each different CIF field size will add a different PDCCH DCI size (unless some optimizations are identified during the WI phase) and overhead reduction achieved does not compare favorably with the increase in complexity associated with supporting numerous DCI sizes.

Proposal 1 – CIF field takes only 1 fixed size (3 bits)      
A UE configured for cross-carrier scheduling will be scheduled using the larger DCI format (‘Regular DCI’ + CFI) for both cross-carrier and same carrier PDSCH assignments. This reduces blind decoding overhead. As discussed in [2], broadcast PDCCH messages in the common search space will still have to be received without the CFI field. While this would result in a marginal increase in number of blind decodes, the need for repeating broadcast messages with CFI appended is eliminated. 

Proposal 2 - A UE configured for cross carrier scheduling will be scheduled using the larger DCI format (‘Regular DCI’ + CFI) for both cross-carrier and same carrier PDSCH assignments. No CFI for broadcast PDCCH messages in common search space. 
In principle, a UE can be configured to expect cross-carrier scheduling assignments/grants from any CC to any other CC in its CC set (scenario 1a). While this provides maximum flexibility, scheduling complexity to support this might be quite high. Further, for UL, PHICH resources on every CC have to be dimensioned to account for all the RBs across all the CCs in the CC set. Primary motivation for supporting cross-carrier scheduling is to cover scenarios where some CCs are not reliable for supporting control signaling or, to cover scenarios where it is desirable to configure some CCs without control signaling (e.g., heterogeneous networks, desense [3][4][5]). Cross-carrier scheduling is not required for carriers that can support reliable PDCCH/PHICH/PCFICH. Given these considerations, we believe supporting cross-carrier scheduling from only 1CC within the UE’s DL CC set (scenarios 1c,1d,1e) would sufficiently cover the main use cases envisioned and would be a good starting point for further discussions on Rel10 PDCCH design.  

Proposal 3 - A UE is configured to receive cross-carrier scheduling assignments only from 1CC (Cross scheduling CC or CS-CC) within its DL CC set. Support for cross-carrier scheduling from multiple CCs within the UEs DL CC set is FFS.
If the bandwidth of CCs that are scheduled from the CS-CC is different from CS-CC bandwidth then DCI sizes of PDCCH grants/assignments corresponding to each CC would be different and this would increase the blind decoding overhead at the UE [6]. One option to reduce the blind decodes would be to signal PDCCHs with DCI size corresponding to the largest CC bandwidth within the UE’s DL CC set and truncate the RB assignment field payload(by reserving some bits) of smaller bandwidth DL CCs. If the bandwidth asymmetry between the aggregated CCs is high (e.g., 20MHz CS-CC + 5MHz extension carrier), significant number of bits can be wasted for DCI size alignment (e.g. 12bits difference for DCI format 1 between 20MHz and 5MHz which close to 30% of 5MHz DCI size). One suitable trade-off is to configure LTE-A UEs to search for two PDCCH sizes, a CS-CC DCI (BW) size and one other DCI (BW) size and, pad the RB allocation bits of each CC to the closest of two DCI sizes. This limits number of extra blind decodes to 16, covers the case of two different BWs (most likely scenario) without any padding overhead and, gives the option of cross-scheduling more than two different bandwidths (unlikely scenario) with smaller padding overhead.
Proposal 4 – If BW of CCs within the DL CC set is different, a UE is configured to receive a maximum of two different DCI (BW) sizes. One of the DCI sizes corresponds to CS-CC(Cross scheduling Component carrier) BW. RB allocation bits of DCI’s corresponding to other CCs may be reserved so that the DCI size corresponding to other CCs matches one of the two configured DCI sizes.
3
Conclusions

We propose the following

· Proposal 1 – CIF field takes only 1 fixed size (3 bits)    

· Proposal 2 - A UE configured for cross carrier scheduling will be scheduled using the larger DCI format (‘Regular DCI’ + CFI) for both cross-carrier and same carrier PDSCH assignments. No CFI for broadcast PDCCH messages in common search space.   
· Proposal 3 - A UE is configured to receive cross-carrier scheduling assignments only from 1CC (Cross scheduling CC or CS-CC) within its DL CC set. Support for cross-carrier scheduling from multiple CCs within the UEs DL CC set is FFS.
· Proposal 4 – If BW of CCs within the DL CC set is different, a UE is configured to receive a maximum of two different DCI (BW) sizes. One of the DCI sizes corresponds to CS-CC(Cross scheduling Component carrier) BW. RB allocation bits of DCI’s corresponding to other CCs may be reserved so that the DCI size corresponding to other CCs matches one of the two configured DCI sizes.
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