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1 Introduction
For LTE-Advanced carrier aggregation has been discussed for wider bandwidth transmission. Control signaling aspects for carrier aggregation have been discussed in several contributions [1-10] in previous meetings. In this contribution, we discuss PDCCH coding, i.e. separate coding and joint coding including three possibilities, full joint coding, partial joint coding and adaptive joint coding. In addition, we discuss two PDCCH mapping options, PDCCH mapped within a component carrier (CC) and PDCCH mapped across CCs. 
We also mention the possibility of a throughput improvement by allowing a component carrier operation without a PDCCH region. 
Note this is resubmission of R1-090682. 

2 PDCCH coding 
In this section the two baseline coding schemes, i.e. separate and joint coding, are discussed. 
2.1 Separate coding

Control information for each CC is separately coded, i.e. one PDCCH contains control information of one CC. The number of PDCCHs indicating control information for DL unicast PDSCH data for a UE is identical to the number of CC transmitted to the UE. For separate coding, we observe the following properties:
· Definition of the DCI is similar (or same) to Rel8 LTE. 

· Limited variation of payload sizes (i.e. PDCCH payload size is not affected by number of CCs) 
· Some fields (e.g. UE-ID, TPC for PUCCH) are duplicated among PDCCHs.
· PDCCH overhead scales with number of allocated CCs, i.e. no overhead reduction for multiple CC allocations
· The total number of blind decodings scales with number of CCs which are configured to the UE to monitor. 
2.2 Joint coding
Control information for multiple CCs is jointly coded. The PDCCH comprises some common fields which are applied for all CCs and some separate fields. The overhead depends on the way of splitting the fields. For the scenario where control overhead reduction is more important, having more common fields would be useful. 
Further, following three options could be considered. 

· Full joint coding 
Control information for all CCs (all CCs semi-statically configured to the UE) is jointly coded regardless of the number of CCs actually assigned to the UE in a given subframe. The UE monitors only one fixed-size PDCCH. 

If in the majority of the cases less CCs than available are assigned to a given UE in a subframe, this option is not efficient, since part of the PDCCH fields will be unused. 
· Partial joint coding 
Control information for a part of the CCs is jointly coded. For example, one PDCCH contains control information for up to two CCs. UE monitors a single PDCCH payload size. When the eNodeB assigns more than two CCs to the UE, eNodeB transmits two or more PDCCHs to the UE. This scheme can efficiently signal even if only a few CCs are assigned to the UE in a subframe.  
Alternatively, UE monitors multiple PDCCH payload sizes in a subframe. Each corresponds to PDCCH containing control information for different number of CCs. For example, UE monitors two PDCCH payload sizes: one PDCCH contains control information for up to two CCs and the other contains control information for up to five CCs. The overhead can be reduced. However, the number of blind decodings and possible false detection are increased compared to full joint coding. 
· Adaptive joint coding
This option employs 2-step signaling with two types of PDCCH [8]
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[9]. First PDCCH indicates assigned(configured) CCs for the UE in a dynamic or “semi-dynamic” manner like SPS activation. Second one indicates the assignment information for the assigned CCs. The payload size depends on the number of CCs assigned by the first PDCCH. Therefore, this scheme allows reducing the signaling overhead even if only a few CCs are assigned to the UE in a subframe. However, the PDCCH decoding delay (in case of dynamic signaling) and the impact on the PDCCH reliability need to be studied carefully because two PCFICH in corresponding subframe and two PDCCHs have to be correctly decoded. 

2.3  Discussion

In this section, we compare above options. 
Overhead 

In case of separate coding, the PDCCH overhead scales with number of allocated CCs, i.e. overhead reduction for multiple CC allocations is not possible. In case of joint coding, it is possible to reduce overhead by having more common fields among CCs. 
Complexity 

In case of separate coding, the number of blind decoding scales with number of CCs which are configured to the UE to monitor. 

In case of full joint coding, the number of blind decodings may be reduced compared to separate coding. For partial joint coding with multiple CC sizes or for adaptive joint coding, the CC assignment is more flexible but causes a larger variation of payload sizes and likely a larger number of BDs. 
Scheduling Flexibility and PDSCH Performance
For separate coding and for joint coding with a limited number of common PDCCH fields, the transmission parameters of the corresponding PDSCH(s) can be controlled more flexibly. With an increasing number of common PDCCH fields for joint coding the PDSCH transmission flexibility decreases little by little and may cause a PDSCH performance degradation.
Standardization Effort 

In case of joint coding a class of new DCI formats needs to be defined, whereas in case of separate coding the LTE Rel-8 design principle of the DCI formats can be reused. However, even for separate coding we assume that additional DCI formats for new MIMO transmission modes and for carrier aggregation indexing are required.
Based on the discussion above, we propose to study and analyze both separate and joint PDCCH coding for carrier aggregation in detail. In addition, we also should study the combination cases between separate and joint PDCCH coding, for example, presented in [10].
3 PDCCH mapping 

Two baseline mapping schemes are discussed below. 
3.1 PDCCH mapped within a single component carrier
One PDCCH is always mapped within a CC. The same (or similar) structure for PDCCH-CCE-RE mapping as Rel8 LTE can be reused. In this case use of a CQI per CC for the link adaptation is beneficial, since the SINR per CC may vary significantly and a CQI across all configured CCs may not be sufficiently accurate.
In case of separate coding, following two alternatives could be considered. 
Alt1: PDCCH indicate the PDSCH on the same CC where the PDCCH is transmitted. 

The PDCCH CC position implicitly indicates the assigned CC for the PDSCH. No explicit indication field in PDCCH is necessary. 
Alt2: PDCCH can indicate a PDSCH on any CC. PDCCH may be transmitted only from “anchor CC” or any other CC.
Assigned CC for the PDSCH needs to be indicated. This may be done explicitly by a PDCCH field or implicitly, e.g. by the UE-ID (CRC masking). This alternative allows an operation of CCs without PDCCH as mentioned below in section 4, which improves the data throughput in certain scenarios. Furthermore, if a CQI per CC is available at the eNodeB, channel dependent PDCCH scheduling and MCS control is possible.

In case of joint coding, the PDCCH may be transmitted on a semi-statically configured CC (“anchor CC”) or on a selected CC in each subframe. In this case the following alternatives are envisaged:

Alt1: PDCCH is mapped onto one of the CCs on which the PDSCHs are mapped

Alt2. PDCCH may be mapped on any configured CC
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Figure 1 Separate coding and mapped within CC
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Figure 2 Joint coding and mapped within CC

3.2 PDCCH mapped across component carriers

PDCCH is distributed over multiple CCs. The MCS control (via CCE allocation) for the PDCCH could be based on a CQI over the whole bandwidth. Since only one CQI over the whole bandwidth is necessary and time fluctuation of the channel quality is slower for a wider bandwidth, the uplink signaling may be reduced. In this sense, this approach is more suitable for low geometry UEs. 
It may be preferable to align the PCFICH values of the CCs on which the PDCCH is mapped, because a PCFICH error in any CC causes a PDCCH error. 
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Figure 3 Separate coding and mapped across CCs               Figure 4 Joint coding and mapped across CCs
3.3 Discussion 

Performance 

From a diversity point of view, mapping the PDCCH on multiple CCs is beneficial, since more frequency diversity is obtained. On the other hand, the PDCCH may be frequency scheduled (in terms of CCs) allowing a more efficient link adaption (CCE aggregation) if a CQI per CC is available.
Complexity 

For a PDCCH mapped within a CC, the same (or similar) structure for the PDCCH-CCE-RE mapping as Rel8 LTE can be reused. For PDCCH mapped across CCs, PDCCH-CCE mapping requires some modification. The CCE-to-RE mapping could be maintained if the number of CCs on which a PDCCH is mapped is equal or less than the CCE aggregation size for the PDCCH. A simple solution in this case would be to limit the number of CCs for one PDCCH to two CCs, which may already provide sufficient frequency diversity. Another issue which needs careful consideration in case of mapping PDCCHs across multiple CCs, is the relation to the DRX operation of component carriers[11].
Similar to the coding discussion, in our view the benefits and drawbacks of mapping a PDCCH within or across CCs need a detailed investigation and both alternatives should be further studied.
4 Component carrier operation without PDCCH 

Non-backward compatible CCs are considered to allow a more efficient operation for LTE-A UEs. In non-backward compatible DL CCs, it is useful to allow an operation without PDCCH region and transmit the PDSCH from the first OFDM symbol. This is beneficial for an operation scenario with a small number of UEs in the system (e.g. home eNB, hotspot), where the PDCCH region on the remaining DL CCs is sufficient to accommodate the required PDCCHs. Therefore, the DL data throughput can be improved. 
A DL CC without PDCCH can be indicated by using the 4th PCFICH state or by a semi-static configuration via higher layer. 

The operation details including the PCFICH handling and the PHICH transmission on these DL CCs should be further discussed.  

5 Conclusion 

In this contribution, we discuss possible PDCCH coding and mapping options for carrier aggregation. Since there are pros and cons for all stated options, we propose to further study and analyze:

· both separate and joint PDCCH coding including the possibility of the combination of separate and joint PDCCH
· PDCCH mapping within a single component carrier and across component carriers   
Additionally, we propose to discuss an operation of non-backward component carriers without PDCCH region to allow an efficient LTE-A operation.  
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