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1. Introduction

At the RAN1#58bis meeting, an additional definition for “carrier segment” was discussed and the following were agreed upon.

Carrier segments:

if specified, defined as the bandwidth extensions of a Rel-8 compatible component carrier (<110 RBs) and constitute a mechanism to fully utilize frequency resources in an efficient and backwards compatible way complementing carrier aggregation means. The notion of a carrier segment allows for arbitrary resource block aggregation within one component carrier, retaining the backward compatibility in the part of the composite component carrier bandwidth. Carrier segments are always linked to one component carrier and cannot be stand-alone. They do not provide synchronization signals, system information or paging, and therefore cannot be used for random access or UE camping.

Furthermore, two LS responses were received from RAN2 [1] and RAN4 [2].  

Response LS on carrier aggregation from RAN2

· No strong need to introduce a new concept of “non-accessible carriers” in LTE-A from SI-overhead or camping point of view.
· A non-accessible carrier in the sense to prohibit idle mode camping is already possible with Rel-8 LTE mechanisms. 

· Further overhead reduction of SCH/MIB/SIB1/SIB2 in such cells to be marginal.

Reply LS on support for wider bandwidths in LTE-Advanced from RAN4

· Number of RBs is limited to the R8 channel bandwidth configurations {6, 15, 25, 50, 75, 100} for both normal and additional smaller carrier.
· Carrier spacing between multiple normal carriers should be a multiple of 300 kHz.

· Carrier spacing between normal carrier and additional smaller carrier is FFS (From an RAN4 RF point of view, the presence or absence of 300 kHz carrier spacing should not make a difference).
This contribution compares the carrier segment and extension carrier for contiguous carrier aggregation. 
2. Definition of Extension Carrier and Carrier Segment

Figure 1 shows the structure of the extension carrier and carrier segment. Since RAN4 agreed that the number of RBs of all carriers is limited to the Rel. 8 channel bandwidth configurations, the main difference between the extension carrier and carrier segment is the transport block (TB) structure and hybrid ARQ (HARQ) structure. Furthermore, our understanding is that since the Rel. 10 UE recognizes the normal (stand-alone) CC and carrier segment as one CC, the RB structure and power setting of the carrier segment should be the same as that for a normal CC. 
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Figure 1 – Definition of carrier segment and extension carrier

3. Comparison of Carrier Segment and Extension Carrier

Currently, the application of an extension carrier and carrier segment is under consideration for the two deployment scenarios, and we discuss herein the use of the carrier segment and extension carrier in the two scenarios. 

3.1. Interference Coordination in Heterogeneous Networks 

At the RAN1 meeting, in order to apply the enhanced features of Rel. 10, application of an extension carrier is proposed. One example is interference coordination in heterogeneous networks [3], [4], [5]. 
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Figure 2 – Interference coordination in heterogeneous networks
In this scenario, the downlink control signal (PCFICH, PHICH, and PDCCH) is not reliable in some CCs in a femtocell (CC2 in Fig. 2), since the transmission power of a femtocell is much lower than that for a macrocell. This is the main motivation to use the carrier indicator (CI), which can indicate the PDSCH assignment from the PDCCH in a different CC. Furthermore, a PDCCH-less CC as extension carrier is also proposed [4]. However, it is considered that the UE near cell-site can still rely on downlink control signals under such conditions [6]. Therefore, the structure of the extension carrier for application to this scenario requires further discussion.

Since the power setting should be separately defined between CCs, application of the carrier segment is not preferable in an interference coordination scenario.

3.2. Additional CC for Effective Channel Bandwidth Use 
As discussed in RAN4 [7], [8], CCs with the same channel bandwidth are aggregated for a channel bandwidth wider than 20 MHz for simplicity. In order to use the channel bandwidth effectively, one or two additional smaller CCs are further aggregated. Employing an additional CC with a different channel bandwidth is also discussed as shown in Fig. 3, where three or four CCs with the same channel bandwith and additional smaller CC(s) are aggregated.
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Figure 3 – Contiguous carrier aggregation
When the channel bandwidth of the additional CC is wider than or equal to 5 MHz, the application of a backward compatible carrier is beneficial since the Rel. 8 UEs cannot connect to a carrier segment and extension carrier. On the other hand, when the channel bandwidth of the additional CC is narrow such as 1.4 or 3 MHz, the application of the stand-alone carrier is not beneficial, since the control signal, e.g. PDCCH, overhead is large due to the lack of a frequency diversity effect. Therefore, application of a carrier segment is beneficial. 

Figure 4 shows one example where there are one stand-alone CC and one additional CC. If an extension carrier is used in such a case, RBs belonging to the extension carrier should be scheduled using a separate PDCCH via cross-carrier scheduling as shown in Fig. 4(a). Therefore, carrier segments provide some gain by avoiding the additional PDCCH transmission that would be required with an extension carrier as well as avoiding the need to schedule two small TBs when scheduling a larger TB is more efficient [5].
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Figure 4 – Example of stand-alone CC and additional CC
However, there is one demerit to using a carrier segment. Although the Rel. 8 specification defines an arbitrary number of RBs from 6 to 110, the current specification does not support efficient multiplexing of Rel. 8 and Rel. 10 UEs. One example is shown in Fig. 5. This example shows an RB allocation signal for the case of a stand-alone CC with a 5-MHz band and a carrier segment with 1.4 MHz. In the Rel. 8 specifications, resource block group (RBG) is defined to reduce the signaling overhead for RB allocation. The RBG size is defined as 2 and 3 for 25 RBs (5 MHz) and 31 RBs (5 + 1.4 MHz), respectively [9]. When UEs have different RBG sizes, the eNode B scheduling becomes complex. One simple solution is to change the RBG definition as shown in Table 1. Then, both Rel. 8 and Rel. 10 UEs have the same RBG size of two. This kind of modification would be required to define the carrier segment.
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Figure 5 – Multiplexing of Rel. 8 UEs and Rel. 10 UEs using carrier segment
Table 1 –RBG Size
(a) Current Specification
     (b) Modified Specification
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3.3. Discussion 
Based on the discussion in Section 3.2, there are two options.

· Option-1: Carrier segment is used for additional CC such as 1.4 or 3 MHz, and extension carrier is used for other scenarios such as interference coordination scenario.
· Option-2: Extension carrier is used for all scenarios, i.e., carrier segment is not specified.
The merit to Option-1 is a smaller signaling overhead due to the use of carrier segment, i.e., single TB structure and single PDCCH. On the other hand, the merit to Option-2 is a simple structure since we need to define only the extension carrier. However, currently, there are many proposals for the extension carrier [10], [11]. If we define many configurations for the extension carrier, Option-2 becomes more complex than Option-1. Therefore, if Option-2 is employed, we prefer a simple structure for the extension carrier. Therefore, our view is that Option-1 or Option-2 with a simple structure should be specified for Rel. 10.

4. Conclusion

In this contribution, we compared two options for contiguous carrier aggregation and our view is that one of the following two options should be supported for Rel. 10.

· Option-1: Carrier segment is used for additional CC such as 1.4 or 3 MHz, and extension carrier is used for other scenarios such as interference coordination scenario.

· Option-2’: Simple extension carrier is used for all scenarios, i.e., carrier segment is not specified.
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