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1
Introduction
In the previous RAN1 meeting it was decided that the DL operation for system bandwidths beyond 20MHz will be based on carrier aggregation. An LTE Rel-8 UEs would be able receive only one of the backward compatible component carriers, while an LTE-Advanced terminal would be able to simultaneously use multiple component carriers.
In this document, we address several multicarrier aspects: wider bandwidth, perforated spectrum, flexible bandwidth operation, multi-segment structure, asymmetric and flexible duplexing multicarrier configurations, independent and cross-coupled multicarrier operation, Rel-8 compatible and Rel-8 non-compatible carriers/segments.
2
Discussion 
2.1
Wider bandwidth, perforated spectrum and flexible bandwidth operation
The desired LTE-Advanced system bandwidth is achieved by aggregating multiple component carriers. An LTE Rel-8 UE would be able to receive only one of the backward compatible component carriers, while an LTE-Advanced UE would be able to simultaneously use multiple component carriers.
To provide some flexibility, the carrier aggregation should allow for aggregation of component carriers smaller than 20 MHz. The set of possible component carrier aggregations should be defined to avoid extensive number of combinations.
It is understood that the component carriers can be either contiguous or non-contiguous in frequency. Although the component carriers from very different frequency locations could be aggregated, the aggregation of carriers within certain vicinity seems as a sensible solution. This would help implementation complexity that depends on the bandwidth size and location of the components. 
Carrier bandwidth can be uniform across carriers or different across carriers, regardless of the type of carrier (UL or DL). The flexibility of having carriers of different bandwidths is desirable to address the needs of different type of users. For example, control and data transmission for a low data-rate UE (such as VoIP) confined within a smaller band, e.g. DL carrier with bandwidth of 5MHz, can provide battery savings. On the other hand, additional DL carriers with the larger bandwidth would be beneficial for users with high data requirements.
2.2
Carrier aggregation structure

In some cases it may be desirable to consider multi-segment structure within one component carrier. The center part (segment) of up to 20 MHz wide would be Rel-8 compatible and visible to Rel-8 UEs. The other two wing segments would be visible and utilized for the LTE-Advanced UEs only. The wing segments are just a group of resource blocks that are seen as a bandwidth extension for the new release UEs. The spectrum outside the center legacy segment may or may not be backward compatible, i.e. it may or may not contain the legacy control channel structure and reference signal structure. It could also contain some new control channels. 

An example of the multi-segment structure is showed in Figure 1. The carrier bandwidth is 40 MHz, where the central 20 MHz (B0 in Figure 1) is defined in the legacy system information, and Rel-8 UEs would be aware of this segment only. The actual whole carrier bandwidth of 40 MHz would be defined in the additional system information for the LTE-Advanced UEs. Therefore, the legacy UEs would have a notion of 20 MHz while LTE-Advanced UEs would have a notion of all 40 MHz. Within the central 20 MHz all control and data structure conform to the Rel-8 specifications.
It is certainly possible to envision different scenarios where each carrier would contain only one segment. Examples are the three separate carriers in Figure 2, or the two Rel-8 compatible carriers in Figure 3. The number of component carriers as well as the number of segments within one component carrier would depend on the operator’s deployment decision. 
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Figure 1:
Multiple segments within one component carrier 
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Figure 2: Three carriers of different bandwidths
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Figure 3: Two Rel-8 carriers
The potential benefit of having the multi-segment structure within the bandwidth of one component carrier can be found in the reduced system overhead (for example in terms of system information and guard bands) and simplified procedures (DL/UL carrier pairing and feedback). On the other hand, the Rel-8 UEs would be confined to only one segment, without possibility to access other segments. This, however, may not be an important practical limitation. 

2.3
Asymmetric and flexible duplexing multicarrier configurations
Rel-8 support for different bandwidth allocation for UL and DL should be extended to the LTE-Advanced. The asymmetric UL and DL bandwidth may be desirable due to the possible asymmetric traffic demands for UL and DL.  

Different UL and DL requirements can be addressed by aggregating different number of carriers on UL and DL, resulting in an asymmetric spectrum assignment between UL and DL. This may, however, pose some control issues, especially if backward compatibility is desirable. For example, if two DL carriers are paired with one Rel-8 UL carrier, UL HARQ feedback mapping, CQI feedback, etc., may be challenging.

Another way to accommodate different UL and DL traffic requirements is to enable the configuration where the number of UL and DL carriers is same, but the occupied bandwidths are different. In such case one DL carrier would be paired with one UL carrier of different bandwidth. 
Having in mind possible different scenarios, it is important to allow asymmetric multicarrier configurations, both in terms of different bandwidths across carriers (independently of link type – UL or DL) and in terms of number of aggregated carriers. 
Asymmetric multicarrier configuration implies the need for flexible duplexing configuration, where paired ULs and DLs are separated by a flexible spectrum separation. The fixed spectrum separation in all cases could be a significant obstacle to having asymmetric multicarrier configuration, as it could cause spectrum holes or overlaps, or even prevent asymmetric pairing.
2.4
Independent and cross-coupled multicarrier operation
From the control and HARQ operation point of view, the aggregated component carriers can be independent or cross-coupled.

The independent multicarrier operation refers to a case where control signalling sent on one carrier is applicable to that carrier only, there is one transport block per component carrier, and HARQ operation is maintained for each carrier separately. This approach may be appealing due to its simplicity and potential to reuse the significant portion of the existing Rel-8 structure.
The cross-coupled multicarrier operation assumes that control signalling sent on one carrier may be applicable to other component carriers. From the perspective of DL control signalling, there are several alternatives for this approach. One is that there are multiple PDCCHs, one per component carrier, sent on component carrier different from the carrier it is applicable to. The other approach is that there is a single PDCCH carrying control for all component carriers. That single PDCCH may be on one specific carrier or may be spread across component carriers. Higher layer signalling could provide information of the single PDCCH location if both are left as an option.

The HARQ in cross-coupled multicarrier operation could be done per component carrier (one transport block per scheduled carrier) or jointly, across all carriers (one transport block across all scheduled carriers). This is independent with regards to approach chosen to deliver the PDCCH. The PDCCH content can specify how the HARQ is performed.
The cross-coupled operation would require additional DCI formats and additional blind decoding. On the other hand, it would provide more flexibility than the independent multicarrier operation. It could also have impact on the battery saving, if the monitoring of PDCCH is confined to one carrier and certain scheduling delay is tolerable. Another benefit of the single PDCCH approach is the smaller overhead than in the case of independent multicarrier operation, as CRC and some fields in the multicarrier DCI format do not have to be repeated for all carriers. Note that the number of bits needed to represent the larger, aggregated bandwidth assignment does not have to increase compared to the Rel-8, if somewhat coarser bandwidth granularity is adopted. Coarser granularity is a reasonable assumption for large bandwidth allocations, and legacy, per carrier assignments with better granularity can be used for smaller assignments.
2.5
Rel-8 compatible and Rel-8 non-compatible carriers/segments

While it is necessary to provide backward compatibility to Rel-8, it may not be necessary or desirable to impose the limitation that all component carriers/segments are Rel-8 compatible. The Rel-8 compatibility requires existence of control channel structure and common reference signal. This may pose significant overhead for the new, LTE-Advanced capable system, which may utilize new schemes and structure tailored towards heterogeneous deployments with Macro, Pico and CSG cells. There is also no strong practical reason for requirement that all component carriers in the multicarrier system have to be Rel-8 compatible. The current one carrier frequency Rel-8 system should be sufficient to fulfil the needs of Rel-8 UEs. Future growth of new release UEs with new capabilities and higher peak data rates demands for additional bandwidths and carriers. Providing the flexibility of having Rel-8 non-compatible carriers/segments could further improve efficiency of the new, LTE-Advanced system.
3
Conclusion 
Based on the arguments presented in the previous section, we propose that the LTE-Advanced provides support for

· Wider bandwidth, perforated spectrum and flexible bandwidth operation

· Aggregation of component carriers equal or smaller than 20 MHz

· Aggregation of component carriers not necessarily contiguous but within certain frequency vicinity
· Carrier bandwidth possibly different across component carriers, regardless of the type of carrier (UL or DL)
· Asymmetric and flexible duplexing multicarrier configurations 

· Different bandwidths across carriers and different number of aggregated carriers on UL and DL
·  Paired ULs and DLs separated by a flexible spectrum separation
· Cross-coupled multicarrier operation

· Control signalling sent on one carrier could be applicable to other component carriers
· Multi-segment structure within one component carrier
· Some segments may not be backward compatible and could contain new control channels
· Non-Rel-8 compatible carriers/segments
· Some carriers/segments may not support Rel-8 control channel structure and common reference signal
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