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Discussion and Decision
1 Introduction
In LTE-Advanced, extension of bandwidth beyond single Release 8 system bandwidth is achieved by carrier aggregation [1]. The main purpose of carrier aggregation is to support flexible use of available frequency spectrum and to provide higher peak data rate to the UE while minimizing the overhead channels [4]. 
The definitions on the types of component carriers were agreed in RAN1#57bis:

Backwards compatible carrier:

· A carrier accessible to UEs of all existing LTE releases. 
· Can be operated as a single carrier (stand-alone) or as a part of carrier aggregation. 
· For FDD, backwards compatible carriers always occur in pairs, i.e. DL and UL.
Non-backwards compatible carrier: 

· If specified, a carrier not accessible to UEs of earlier LTE releases, but accessible to UEs of the release defining such a carrier. 

· Can be operated as a single carrier (stand-alone) if the non-backwards compatibility originates from the duplex distance, or otherwise as a part of carrier aggregation. 

Extension carrier: 

· If specified, a carrier that cannot be operated as a single carrier (stand-alone), but must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier.
We note that an extension carrier is in fact any non-backward-compatible carrier where the non-backward-compatibility does not originate purely from the duplex distance, i.e. it is non-backward-compatible because of for example the absence of one or more of PSS/SSS/PBCH/CRS). We therefore use the term “extension carrier” to cover all such non-backward-compatible carriers in this paper. 
Additionally in RAN1, carrier segment was proposed as a way to extend the bandwidth up to 110 PRBs without carrier aggregation while supporting backward compatible operation in a portion of the spectrum [3]. To further progress specification of carrier types, we discuss design considerations for the extension carrier and carrier segment. We note that the design principles for extension carrier are applicable to carrier segment.

2 Design Considerations
2.1 Transmission of Overhead Channels
Extension carrier is a part of a component carrier set and cannot be used as a stand-alone carrier; similarly, carrier segments are attached to a backward-compatible carrier and are not able to operate as stand-alone carriers in their own right. It was agreed in RAN2 that only a subset of carriers can be configured for idle mode UE camping [2]. The initial access and idle-mode UE camping is supported by acquiring the stand-alone capable carrier within the component carrier set. The overhead channels (PSS/SSS, and PBCH) may be turned off by eNB configuration in the extension carrier.
PSS and SSS are detected by the UE for initial synchronization purposes during the initial access procedure. 
· For carrier aggregation, the same downlink transmission timing should be used for all the component carriers in normal operation not involving RRHs and frequency-selective repeaters. Therefore, detection of PSS and SSS on the associated stand-alone carrier is sufficient for downlink timing estimation of all the carriers in the component carrier set.
· PSS and SSS provide the physical Cell ID for the UE that is required to start receiving CRS and demodulating PBCH.
· Release-8 MIB contains the system information on DL system bandwidth and PHICH configuration. SIB1 contains information required during UE initial access and defines scheduling information of other system information. Separate Release-8 MIB/SIB1 on extension carriers or carrier segments is not needed, as this information can be carried on the associated stand-alone carrier (see section 2.4). 
Proposal 1: PSS/SSS/PBCH on the extension carriers or carrier segments is not necessary and may be turned off by eNB configuration.
2.2 Control Channel Design

For extension carriers, PHICH and PCFICH from Release-8 can be reused. We assume that carrier segments do not have a PDCCH region (see [6]). The discussion in this section therefore relates only to extension carriers.
· Control channels shall be present in at least one component carrier in the CC set.
· Independent control channel size is configurable per CC for extension carrier. 

· PHICH may be mapped to any DL CCs by higher-layer configuration. In addition, it shall be possible to map PHICHs for all UL CCs one DL carrier, if only one DL carrier is configured for the UE.
· Separate PDCCH for each of the component carriers in the CC set is required for the extension carrier. With CIF, PDCCH for an extension carrier can be mapped to a different carrier. This carrier could be the associated stand-alone carrier or another extension carrier in the CC set.
Proposal 2: 

· Independent control channel size is configurable per CC for extension carrier.  
· PHICH mapping on DL CCs shall be configured by higher layer configuration. It shall be possible to map all PHICHs on one DL carrier.
· Separate PDCCH for each of the component carriers in the CC set is required for the extension carrier. PDCCH may be mapped to one DL carrier. In this case, the mapping between PDCCH and PDSCH/PUSCH is indicated by CIF.
2.3 Transmission of CRS

CRS is the reference signal for channel estimation for control channels and Release-8 PDSCH. This is also used for RRM measurement for Release-8 UEs.
· In LTE-A, UE-specific DM RS can be used for channel estimation for PDSCH demodulation.
· Decoding of PDCCH requires CRS. If PDCCH is present in an extension carrier, transmission of CRS at least in the control symbols is needed for PDCCH decoding. However, in case of PDCCH-less transmission in the extension carrier (with CIF), there is no need to transmit CRS in the extension carriers.
· For carrier segments, CRS in the extension carrier may be turned off by eNB configuration.

· If CRS is not configured in the extension carrier, RRM measurements (RSRP, RSRQ) can be based on CRS estimation from the stand-alone carrier. This may be sufficient for bandwidth extension within the same spectrum. For bandwidth extension involving widely separate carriers, another option is to introduce RRM measurements based on CSI RS.
· If CRS is not configured in the extension carrier, CSI RS can be used by UE for CQI estimation.

Proposal 3:  
· Transmission of CRS on the extension carrier / carrier segment shall be configurable.

· For extension carriers without PDCCH and for carrier segments, CRS can be turned off.

· When PDCCH is transmitted on the extension carrier, CRS can be transmitted on the subcarriers within the control symbol resources. CRS on the PDSCH region could be turned off by configuration.
2.4 System Information
To support carrier aggregation with extension carriers or carrier segments, additional System Information is needed. These include an indication of the available carriers in the CC set, default mapping between the UL/DL carriers, and the information specific to each of the extension carriers or carrier segments. These can be broadcast on the stand-alone carrier, or sent on the extension carrier / carrier segment using cross-carrier scheduling.
· Available extension carriers or carrier segments associated with the stand-alone carrier. 

· Default mapping between DL CC and UL CC for initial access and control channel monitoring.

· The default mapping may be defined as one UL carrier for each of DL carriers.

· Carrier specific information:

· Bandwidth of associated extension carriers or carrier segments (and frequency in the case of extension carriers)
· Transmission mode per extension carrier (if required)

Additional system information may be needed and requires further study.

Proposal 4: Additional System Information is required to support extension carrier or carrier segment operation. These include available extension carriers / carrier segments associated with the stand-alone carrier, default mapping between UL and DL CCs, carrier bandwidth of associated extension carriers / carrier segments and the frequency of extension carriers. The additional System Information may be broadcast on the stand-alone carrier, or sent on the extension carrier / carrier segment using cross-carrier scheduling. 
3 Summary
In this contribution, we  discussed design considerations to support extension carriers or carrier segments. We propose to agree on the following design principles:
Proposal 1: PSS/SSS/PBCH on the extension carriers is not necessary and may be turned off by eNB configuration.
Proposal 2: 

· Independent control channel size is configurable per CC for extension carrier. 

· PHICH mapping on DL CCs shall be configured by higher layer configuration. It shall be possible to map all PHICHs on one DL carrier.

· Separate PDCCH for each of the component carriers in the CC set is required for the extension carrier. PDCCH may be mapped to one DL carrier. In this case, the mapping between PDCCH and PDSCH/PUSCH is indicated by CIF.

Proposal 3: 

· Transmission of CRS on the extension carrier /carrier segment shall be configurable.

· For extension carriers without PDCCH and for carrier segments, CRS on the extension carrier can be turned off.

· When PDCCH is transmitted on the extension carrier, CRS can be transmitted on the subcarriers within the control symbol resources. CRS on the PDSCH region could be turned off by configuration.

Proposal 4: Additional System Information is required to support extension carrier or carrier segment operation. These include available extension carriers /carrier segments associated with the stand-alone carrier, default mapping between UL and DL CCs, carrier bandwidth of associated extension carriers/ carrier segments and thefrequency of extension carriers. The additional System Information may be broadcast on the stand-alone carrier, or sent on the extension carrier / carrier segment using cross-carrier scheduling. 
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