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1 Introduction

A work item for carrier aggregation enhancements for LTE Rel-11 was approved in RAN #51 and subsequently updated in RAN #52 plenary meetings. During RAN1 #66bis, a working assumption was agreed to introduce at least one new carrier type in Rel-11 operating in conjunction with a backward compatible carrier including at least reduced or eliminated legacy control signaling and/or CRS. A working assumption was further agreed in RAN1#67 where the design of the new carrier types was required to support the operation in both of the following scenarios, not necessarily equally optimized for both cases: 
· Synchronized carriers; i.e., the legacy and segment/extension carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.

· Unsynchronized carriers; i.e., the legacy and the new carrier types are not synchronized with the same degree of accuracy as for the synchronized carriers. Note that synchronization is considered from the perspective of the UE receiver. 

The possible use cases and enhancements that may be provided through use of additional carrier types were discussed in previous contributions. Specifically, energy efficiency, flexible spectrum usage, heterogeneous network deployments, and machine type communications were identified as key objectives. 

The considerations for design of the additional carrier types that could assist in addressing the above goals were discussed in earlier contributions. Those principles focused on CRS-free operation, enhanced control signaling with self-contained reference signals and configurability of synchronization and other RS types when needed. In this contribution, these principles are further reviewed and a number of operation scenarios for new carrier types that incorporate those principles are presented.
Carrier segments are used to enable additional transmission bandwidths beyond that of Rel-8/9/10 provided that the total number of RBs is less than 110. Depending on the use case, the carrier segments may be deployed without using any carrier aggregation technique. In other words, in some deployment scenarios, the carrier segments may be viewed as the bandwidth extension of a Rel-8/9/10 compatible component carrier to support virtually wider transmission bandwidths. An extension carrier, on the other hand, is an extension of component carrier that cannot be operated as a stand-alone carrier, rather must be part of a component carrier set where at least one of the carriers in the set is a fully-configured carrier. The challenge is to reduce the additional PDCCH transmission overhead that would be required in a Rel-10 carrier aggregation setting as well as to use small TB sizes on the carrier segment. The notion of a carrier segment allows for aggregating additional resource blocks with a component carrier, while still retaining the backward compatibility over the original transmission bandwidth. Carrier segments are usually adjacent and linked to a fully-configured carrier. They do not typically include synchronization signals, system information, or paging.

According to the existing definition, an extension carrier must be part of a component carrier set where at least one of the carriers in the set is a fully-configured and backward compatible. A carrier segment is defined as contiguous bandwidth extension of a backward compatible component carrier. Given the above characteristics, extension carriers/carrier segments are not backward compatible and directly accessible for legacy UEs. Further aspects of a non-backward-compatible carrier design would depend on whether a carrier segment approach or an extension carrier approach would be utilized. Given the above definitions, any fully-configured backward compatible carrier in a carrier set may be extended by an extension carrier or appended by carrier segments. In this document, the fully-configured backward compatible carrier that is extended or appended is referred to as the reference carrier.
The outstanding proposals for removing the CRS from the new carrier types are meant to eliminate the interference associated with the CRS, to reduce the CRS overhead, to overcome the inherent limitations of the CRS-based MIMO modes, and to address the energy efficiency requirement since the CRS is “always on” even when the cell is not loaded. However, CRS facilitates multiple important functions such as channel estimation, mobility measurements, and time/frequency tracking. If CRS is removed from additional carrier types, alternative methods to perform these functions need to be specified.

Data transmission and enhanced control signaling based on self-contained RS would address the absence of CRS. The operation of the additional carrier without CRS implies that all channel estimation functions for demodulation of both data and control should be done based on other types of RS. Transmission modes based on the DM-RS for data transmission are considered to be essential to the operation of CRS-free carriers. The use of the enhanced control channel with UE specific RS, which was agreed in the previous meetings, is thus suitable for operation on the new carrier type.

Configurability of all essential signaling structures such as PSS/SSS is important in order to add more flexibility to the design and operation of new carrier types depending on the deployment scenario. Transmission of synchronization signals can be avoided when sufficient time/frequency synchronization exists, allowing greater interference management.
In this contribution, we clarify the definition of the new carrier types and will recommend various configurations for the reference carrier and the new carrier types depending on their relative spectral locations. The new carrier types are recommended to be configured without CRS and we further recommend that the guard bands between the reference carrier and the extension carrier or the carrier segments may be utilized if certain conditions are met. The use of guard-band resource blocks significantly increases the spectral utilization efficiency.

2 Configuration and Usage of New Carriers
Additional carrier types in Rel-11 (i.e., a carrier segment or an extension carrier) are expected to be non-backward compatible; i.e., legacy PDCCH, CRS, PBCH, PSS/SSS, etc. may not be transmitted on additional carrier types. Without further enhancements in the downlink control channels, the PDSCH/PUSCH channels on the non-backward compatible carriers may only rely on cross-carrier scheduling from a backward compatible carrier. Given that the bandwidth and the number of UEs connected to the non-backward compatible carriers can be similar to backward compatible carriers, the PDCCH resource on the carrier where PDCCH is sent can be significantly limited.

Given the non-backward compatible nature of carrier segments and extension carriers, there is a potential to reduce the overhead of the control signal, broadcast, and synchronization channels on these carrier types. The notion of a carrier segment allows for appending additional resource blocks to a component carrier, while still retaining the backward compatibility of the primary carrier.
The new carrier types are believed to be useful in practical deployments where the size of the available frequency block does not match the provisioned bandwidths of 1.4, 3, 5, 10, 15, 20 MHz in the LTE standards. If the size of the frequency block is smaller than 5 MHz (corresponding to 25 RBs), the number of resources on the carrier segment or extension carrier may not be sufficient to efficiently transmit user data and the overhead channels such as (PSS, SSS, PBCH, PDCCH, etc.). Although it is desirable to reduce the overhead on the new carrier types (i.e., extension carrier and carrier segment), in practical deployment scenarios, if the frequency gap between the reference carrier and the extension/segment carrier is excessively large, the time and frequency synchronization and slot/subframe alignment of the carriers in a carrier set may not be maintained without including synchronization signals on the extension carrier/carrier segments.

If the new carrier types are going to be without CRS (i.e., a wideband and common reference signal) and UE-specific reference signals (i.e., narrowband and dedicated reference signals) are used for channel estimation and coherent detection of control and data channels, then a wideband synchronization signal may be required on the carrier segment or the extension carrier for path loss (and/or RSRP/RSRQ) measurements that are essential for mobility management, triggering handover, and activation and deactivation of new carrier types while the UE traverses different cells in the network.

Regardless of the type of new carriers, we believe that it is required to align the OFDM symbols, slots and subframes of the carriers in the carrier set in the time domain and the timing error must be less than the operating cyclic prefix. This will simplify the HARQ timing and operation and resource assignments on the reference carrier and the carrier segment/extension. Also, for implementation purposes, it is imperative to ensure the subcarrier spacing is maintained the same on the reference carrier and the carrier segment/extension. The frequency separation between the frequency-contiguous reference carrier and the carrier segment/extension should be an integer multiple of 300 kHz and their center frequencies must be integer multiples of the LTE channel raster; i.e., 100 kHz. If the new carrier types are at frequency distances that are not integer multiples of 300 kHz; i.e.,
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can be specified to align the center frequencies. In practice, a finite set of quantized frequency offset values,
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, are configured and signaled via RRC messages. The timing and frequency synchronization among non-contiguous carriers can be ensured via provision and use of synchronization signals (PSS/SSS) on the new carrier types.
Depending on the relative location of the carriers (or frequency blocks) in the frequency domain, three configurations/usage scenarios for new carrier types may be considered, taking the agreed working assumptions into consideration. It is assumed that the carriers are sufficiently synchronized in the time and frequency domains regardless of the relative location of the frequency bands since timing and frequency synchronization and alignment can be obtained using the methods that were described earlier. While the enclosed figures provide example configurations for two carrier segments, the proposed scheme can be extended to an arbitrary number of carrier segments or extension carriers. The total number of resource blocks on the reference carrier and the carrier segments (including the guard band resource blocks, if used) denoted as
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is always assumed to be less than 110; i.e.,
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. If the new carrier types cannot be operated in a stand-alone fashion, then the handover measurements on the neighboring-cells’ carriers can be only conducted based on the fully-configured primary/secondary carriers. However, the activation/deactivation of the new carrier types requires analysis of the measurement reports (at the eNB) conducted on the new carrier types based on their CSI-RS as opposed to CRS0 and CRS1 that is typically done in the legacy systems. Therefore, in our proposed configurations, no CRS provisioned for the new carrier types. The exclusive use of DM-RS on the new carrier types for channel estimation and coherent detection of the control and data channels require the use of new PDCCH on the extension or carrier segments. 
Figure 1 illustrates a scenario where reference carrier and new carrier types are not contiguous in frequency domain. In this case, if the channel separation is excessively large, each carrier must include time/frequency synchronization signals (PSS/SSS) and the guard bands cannot be utilized for control/data transmission. Furthermore, each carrier segment/extension must contain UE-specific reference signals (DM-RS), and CSI-RS. The latter is used for CSI measurements and pathloss measurements that can be useful in triggering activation/deactivation of the carrier segments/extensions. These reference signals are the same as those specified in Rel-10.
Figure 2 illustrates a scenario where the reference carrier and new carrier types are contiguous. In this case, it is assumed that the channel separation is not excessively large to the extent that additional time/frequency synchronization is required for the new carrier types. Thus, no PSS/SSS is configured on the new carrier types in this case. However, UE-specific reference signals and CSI-RS are configured on the new carriers. Note that guard band resource blocks are not used in this case. The above scenarios do not have any backward compatibility implications as the spectral filtering and emission masking are performed consistent with legacy specification. In order to exploit additional radio resources in the guard bands that might become usable as a result of sufficient time/frequency synchronization as well as contiguity of the new carrier types with the reference carrier, a third usage scenario is defined. 
Figure 3 illustrates a scenario similar to the previous scenario with the exception that guard band resource blocks are utilized. As shown in the figure, the spectral filtering and emission masking at the edges of the carriers are not consistent with the legacy systems unless the size of right and left side guard bands are increased proportional to the size of the aggregated transmission bandwidth. Otherwise, this scenario may not support legacy UEs due to increased spurious emission in the guard bands, resulting in increased interference. Some techniques may be utilized to overcome this limitation for the legacy UEs such as scheduling and allocation of radio resources far from band edges to legacy UEs. Note that it is still assumed that the total number of resource blocks including additional resource blocks in the guard bands is less than 110. In this case and similar to the second usage scenario, no PSS/SSS is configured on the new carrier types and the UE-specific reference signals and CSI-RS are extended over the guard bands and the new carriers. Thus, the combined reference carrier and the new carriers are operated as a virtually contiguous wideband carrier. The guard-band resource blocks are used in the same way that the transmission-band resource blocks are used. 
As an example, let’s assume that two carrier segments each with 5 MHz bandwidth are appended to a 10 MHz reference carrier as shown in Figure 4. The new carrier can be therefore configured as a 20 MHz carrier by appending the carrier segments on the left and right side of the band and by removing the middle guard bands and increasing the size of the right most and left most guard bands to make the new carrier configuration consistent with a 20 MHz legacy carrier. Other configurations of the guard bands and the transmission bands are also possible as long as the resulting combination is consistent with RF and spectral emission specifications.          
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Figure 1: The reference and the new carriers are not adjacent in frequency and guard bands are not utilized.
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Figure 2: The reference and the new carriers are adjacent in frequency and guard bands are not utilized.
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Figure 3: The reference and the new carriers are adjacent in frequency and guard bands are utilized.
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Figure 4: Example combination of one 10 MHz reference carrier with two 5 MHz carrier segments
3 Conclusions and Recommendations
In this contribution, we clarified the definition of the new carrier types and recommended various configurations for the reference carrier and the new carrier types depending on their frequency separations. In summary, it is recommended that 
· The new carrier types are configured without CRS 
· The PSS/SSS are configured on the new carrier types when sufficient time/frequency synchronization between the reference carrier and the new carriers does not exist.

· DM-RS and CSI-RS are appropriately configured on the new carriers. In the absence of the CRS, the mobility measurements and carrier activation/deactivation measurements will be conducted on CSI-RS, thus appropriate configuration of the CSI-RS for this purpose is required. Note that in each cell, the carrier segments/extension are appended to a specific reference carrier and the CSI-RS configured on the new carriers may not interfere with data/control transmission over other carriers that are used in the same cell but may interfere with corresponding extended/appended reference carrier from the neighboring cells. Thus some of the provisions developed in earlier releases to reduce inter-cell CSI-RS interference such as muting or non-overlapping assignment must be reused.
· The guard bands between the reference carrier and the extension carrier or the carrier segments may be utilized if certain conditions are met. The use of guard-band resource blocks significantly increases the spectral utilization efficiency. 
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