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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
The possibility of carrier indicator field with non-zero bits is still under discussion in RAN1. Nevertheless, in this contribution we discuss the potential issue of increased PDCCH blind decoding attempts for a CC that the UE has to perform due to the existence of carrier indicator field with non-zero bits. 
Finally, we propose a simple refinement to the multi-carrier downlink control signalling structure in order to maintain the same number of PDCCH blind decoding attempts for a CC as in LTE Rel-8.
2 Downlink cross-carrier control signalling
We assume that the use of carrier indicator field with non-zero bits can be configured by the eNodeB (e.g. through higher layer signaling). In our understanding, if the carrier indicator field with non-zero bits is configured, the following downlink cross-carrier control signaling scenarios are possible using PDCCH-to-PDSCH linkage for two CCs as examples.
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Figure 1: PDCCH(s) linked to PDSCH(s) in the same CC
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Figure 2: PDCCH(s) linked to PDSCH(s) in the different CC
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Figure 3: PDCCHs from the same CC linked to PDSCHs for different CCs

In our understanding, Figure 1 represents the typical or default downlink control signalling structure for LTE-A. However, as have been discussed extensively in past contributions [5],[7]-[13], cross-carrier control can provide some advantages, in particular, as an intercell interference coordination tool for heterogeneous networks. A summary of advantages and disadvantages of downlink cross-carrier signalling can be found in [14].
A major disadvantage of cross-carrier control is the potential increased number of blind decoding attempts per CC if UE is expected to blindly detect whether the non-zero-bit carrier indicator field exists in a DCI format and if the CCs can have different bandwidth size. Referring to the two CCs case as an example, if the two CCs have different bandwidth sizes, then the number of PDCCH blind decoding attempts required to be performed by the UE for the CC that is used to transmit the cross-carrier PDCCH would double compared to the case where cross-carrier control is not configured. This is because each DCI format to be detected by the UE in the CC can have two different payload sizes.

From the UE’s point of view, the increase in blind decoding attempts for a CC is undesirable since PDCCH processing latency will increase. Hence, it is in principle desirable to maintain the number of PDCCH blind decoding attempts for each CC to be approximately the same as that in LTE Rel-8 (~44). In the next section, we propose some further refinement in order to achieve this.
2.1 Proposed Refinement 

We propose the following refinement for downlink control signalling structure for multi-carrier operation:

1. UE-specific higher layer signalling by the eNodeB to configure the use of non-zero carrier indicator bits in DCI formats. The higher-layer signalling allows the cross-carrier control to be turned on or off depending on the deployment scenario and operator’s need. The default configuration can be zero carrier indicator bit.
2. When cross-carrier control is configured, we propose to classify the CC aggregated for multi-carrier operation into the following types:
· Host CC: The CC which can be used for transmission of the PDCCHs of other CC(s) and its own PDCCHs.

· Client CC: The CC of which its PDCCHs can be transmitted on a host CC.
· Normal CC: The CC which is used to transmit all of its own PDCCHs and only its own PDCCHs (same principle as in LTE Rel-8)

As shown in Figure 2, a CC can be a host CC and a client CC at the same time. But a CC cannot be a normal CC and other kind of CC at the same time. The configuration of CC type can be done using UE-specific higher layer signalling by the eNodeB.
3. All PDCCHs transmitted on the host CCs always contain carrier indicators with non-zero bits (maximum of 3 bits), even for the PDCCHs that correspond to the host CCs. The actual number of bits for the carrier indicator field can be a function of the actual number of carriers aggregated for the UE. The PDCCHs transmitted on the client CCs or the normal CCs do not contain carrier indicators with non-zero bits.

An alternative is to allow the PDCCHs that correspond to the host CCs to be exempted from carrying the carrier indicator thereby reducing the control overhead. The UE knows that the target CC of the PDCCH is the same CC that the PDCCH is transmitted on through detecting the absence of the non-zero-bit carrier indicator field in the DCI. However, the need for blind detection of the existence of the non-zero-bit carrier indicator field will double the number of PDCCH blind decoding attempts that the UE has to perform for the host CCs. For this reason, this alternative is not preferred.

4. A host CC that serves a client CC should have the same CC bandwidth as the client CC. The advantage is that the number of PDCCH blind decoding attempts that the UE has to perform for the host CC does not double due to two different payload sizes for the same DCI format as a result of the difference in CC bandwidth.

In conjunction with 3 above, the number of blind decoding attempts required to be performed by the UE can be kept the same as that needed for a normal CC.

An implication of this design is that a CC which is a part of carrier aggregation has to have the same bandwidth size with at least one other CC within the carrier aggregation for it to be eligible as a candidate CC for a host or a client CC. This restriction is not expected to pose a significant problem considering most of deployment scenarios under consideration in RAN4 consist of CCs with the same bandwidth for each CC [15].

5. A client CC can be configured such that all PDCCHs (with zero-bit carrier indicator) for a UE are not transmitted on the CC. Hence, the UE is not required to detect any PDCCH on the client CC. The configuration by the eNodeB to the UE can be done via UE-specific higher layer signalling. Note that such configuration cannot be applied if the client CC is also a host CC at the same time.

This configuration is beneficial for heterogeneous networks deployment where the interference level of the client CCs can be so high that control channels cannot be reliably transmitted. As PDCCH detection is not required for the client CCs, power saving can be achieved at the UE.

However, for other deployment scenarios such as homogenous networks where frequency diversity gain may be more important, the diversity gain can be harnessed by configuring the UE to also detect PDCCHs on the client CCs.

3 Conclusions
In this contribution, we discussed different downlink cross-carrier control scenarios assuming carrier indicator field with non-zero bits in the DCI formats can be configured.

The configuration of carrier indicator field with non-zero bits in DCI formats demands extra blind decoding attempts that the UE has to perform, which can be double or more for every CC.  We proposed some simple refinement to the downlink control signalling structure in order to maintain the same number of PDCCH blind decoding attempts that the UE needs to perform for each CC as in Rel-8 (~44).
4 References
[1] RAN1#57 Chairman’s notes

[2] TR 36.814

[3] R2-093599 “LS on RAN2 status on carrier aggregation design” RAN2
[4] R1-092061 “Notion of Anchor Carrier in LTE-A” Qualcomm Europe

[5] R1-091743 “PDCCH design for carrier aggregation” Panasonic

[6] R4-091674 “TP for LTE-Advanced deployment scenarios” Nokia Siemens Networks

[7] R1-091943 “PDCCH signalling for carrier aggregation” Motorola

[8] R1-092060 “Multicarrier Control for LTE-A” Qualcomm Europe

[9] R1-091707 “Primary and Secondary PDCCH Design for LTE-A” ZTE
[10] R1-091692 “PDCCH Structure for LTE-Advanced System” NEC Group

[11] R1-092034 “PDCCH for Carrier Aggregation” Philips

[12] R1-091994 “DL Control Channel Scheme for LTE-A” CATT

[13] R1-091811 “Further Consideration on PDCCH for Carrier Aggregation” Huawei, CMCC

[14] R1-093225 “Views on PDCCH Carrier Indicator” NEC Group

[15] R4-092123, “TR36.8xx v0.2.0 LTE-Advanced, RAN4 feasibility studies”
