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1 Introduction
In RAN1#57, a baseline assumption on DL control signalling has been agreed for LTE-A and it is stated below [1]:
Baseline: 

· Separate coding of DL assignments and UL grants for each component carrier (CC) based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits

· In case of 0 bits, no carrier indicator
For a DL assignment, the carrier indicator is used to signal for which DL CC the DL assignment is intended for. Likewise for a UL grant, the carrier indicator is used to signal for which UL CC the UL grant is intended for. Clearly, the carrier indicator offers additional flexibility in PDCCHs scheduling in the form of cross-carrier scheduling. Without the carrier indicator, the PDCCH for DL assignment would be restricted to the same DL CC that the DL assignment applies and the PDCCH for UL grants would be restricted to the DL CC that is uniquely paired to the UL CC used for the UL transmission.
It appears to be the understanding of the majority of companies that the need for carrier indicator is still being studied. In this contribution, we summarise the advantages and disadvantages of the carrier indicator and present our views on this issue.
2 Advantages and disadvantages of carrier indicator
The advantages of carrier indicator have been well elaborated in many past contributions [2–14]. In our view, the main advantages are as follows:

1. Inter-cell interference management or coordination for heterogeneous networks [2][16]
· Carrier indicator allows the possibility to schedule control channels (PDCCH, PHICH) on CC with low interference (or the “protected” CC).  This enables advanced inter-cell interference coordination for deployment scenarios where eNBs of different power classes (e.g. macro cell, femto cell) and different access classes (open access and closed subscription) are sharing the same spectrum with overlapping coverage
2. Asymmetric UL/DL carrier aggregation where # UL CCs is more than # DL CCs 
· When more than one UL CC is associated with a DL CC, carrier indicator is required to indicate which UL CC should be used for PUSCH transmission following the reception of a UL grant 

3. Flexible PDCCH scheduling
· Carrier indicator can lower PDCCH blocking probability by allowing PDCCHs to be scheduled away from heavy-loaded CCs (load balancing) 
4. Possibility of optimising LTE-Advanced performance with new features
· Carrier indicator opens up new possibilities for LTE-Advanced performance optimisation. For example, carrier indicator allows easy support for some of the new features proposed recently:
i. PDCCH-less CCs [10] 

ii. Cross-CC ACK/NACKs multiplexing on one UL CC [14]  
In our view, the main issues with the carrier indicator are as follows:
1. Increase in blind decoding attempts at UE for the CC containing the cross-carrier assignment
· The number of possible DCI format payload sizes in a CC increases due to possibly different bandwidth and different transmission mode for each CC
· This problem may not be a significant issue due to the limited number of possible scenarios of carrier aggregation as specified in RAN4 [18]. In addition, the number of blind decoding attempts can be reduced to minimum with simple mechanisms as described in [17]
2. HARQ combining problem due to PCFICH detection error on the CC that the carrier indicator is pointing to [6]
· PCFICH detection error causes PDSCH decoding failure which in turn causes the UE to transmit a NACK. eNB then retransmits with new RV which causes HARQ combining problem at the UE
· A simple solution to this problem is to allow the UE to assume a fixed number of control OFDM symbols on the CC that the carrier indicator is pointing to (e.g. 3). This can be configured by the eNB only if the CC that the carrier indicator is pointing to is interference-dominant
3. The need of non-zero carrier indicator bits
· Although the non-zero carrier indicator bits increase the sizes of the DCI formats, the overhead is considered small and is not expected to have detrimental impact on PDCCH performance or coverage

· The number of non-zero bits can be determined by the UE based on the number of CC configured to be aggregated, hence no blind detection or explicit signalling on the number of bits is needed
· Implicit carrier indicator methods also exist, e.g. through partitioning of PDCCH search space [7]. However, it is not preferred from our point of view since such a scheme would result in increased PDCCH blocking probability 
From the above analyses, it appears that there are no significant issues with the carrier indicator while there are clear advantages offered by the feature. 
In our view, the carrier indicator feature should be configurable by the network, i.e. the network should have the option to turn on/off the feature depending on the deployment scenario. The UE should also be informed via higher-layer signalling if the feature is turned on by the eNB.
3 Conclusions
From the analyses in this contribution, it is clear that there are significant advantages with the carrier indicator. While there are also existing issues with carrier indicator, they are not deemed serious and can be resolved with further study. Hence, we recommend RAN1 to agree to have non-zero carrier indicator bits in the DCI formats, configurable by the eNB. 
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