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1
Introduction
In RAN2 #67bis, companies were requested to monitor RAN1/4 progress on the extension carrier concept and provide inputs to RAN2 for the next meeting to form a RAN2 opinion.

Extension carrier was defined in RAN1#57bis as “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”. The decision on whether such a carrier is defined is currently FFS in RAN1.
RAN1 also agreed in RAN1#58 to support cross carrier scheduling where a “PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers”. 
In this document we discuss the extension carrier concept taking into view current RAN1/4 status and propose that extension carrier operation should be supported for LTE-A in conjunction with cross carrier scheduling 
2
Discussion
2.1 Motivation for Extension-carrier operation
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Figure 1 – Extension Carrier configuration for a Heterogeneous Deployment

Consider the Heterogeneous network deployment in Figure 1 with a Macro cell (MNB) and multiple femtocells (e.g., HeNBs). Here, femtocells are in the coverage area of MNB and therefore transmissions from MNB interfere considerably with femtocell transmissions [1]. Further, considering the case of femtocells being CSG cells, It is desirable to ‘provide service’ to CSG UEs using a CSG cell instead of the MNB, even though the radio link between the UE (e.g. UE2) and CSG cell (e.g. femto1) is inferior to the radio link between UE and MNB due to the high interference from MNB[2]. 
Extension carrier operation (along with cross carrier scheduling) will allow LTE-A to efficiently operate in such high interference Heterogeneous network scenarios by providing the flexibility to limit high power (and therefore high interference) control and synchronization signal transmissions
 to only a subset of aggregated carriers.   

As shown in Figure 1, for UEs attached to the macro cell (e.g. UE1), available bandwidth can be split
 into two component carriers CC1 and CC2 with CC1 configured as the primary carrier containing all the critical control signaling and with CC2 configured as an extension carrier. CC1 can be accessible to both legacy (LTE Rel8) and advanced (LTE Rel 10) UEs. Legacy UEs will be unaware of the existence of the extension carrier. Advanced UEs can be configured to receive data on the extension carrier (in addition to the primary carrier) using cross-carrier PDCCH assignments received in the control region of the primary carrier. This allows the MNB to “free up” the control region of CC2 from the interference caused by high power DL PDCCH/PHICH/PCFICH transmissions. Since CC2 control region is free from interference caused by MNB transmissions, various femtocells within the coverage area of the MNB can configure their control region to overlap (in time domain) with the control region of MNB and configure CC2 as their primary carrier. If the bandwidth corresponding to CC1 is also available for femtocells, they can further configure CC1 as an extension carrier and schedule CC1 resources using cross-carrier scheduling assignments from CC2. This structure considerably reduces the interference between control signaling transmissions of macro and femtocells and obviates the need for any further design modifications to existing Rel8 PDCCH/PCFICH/PHICH transmission methodology.         

Interference on data (PDSCH) transmissions can be mitigated using mechanisms such as beamforming, frequency selective scheduling [4] and other DL ICIC techniques that are supported for LTE Rel8. Furthermore, for the femtocell case, it may not be that critical to mitigate interference on PDSCH since only a small number of UEs are attached to each femtocell and, while the high interference from MNB limits the supportable ‘per RB data rate’, each UE can be allocated a large number of RBs to compensate for the lower ‘per RB data rate’ and maintain a reasonably high ‘per UE data rate’. 

Given that extension carriers and cross carrier-scheduling are most useful in scenarios where some CCs are not reliable for supporting control signaling (e.g. due to desense as described in [3]), or scenarios where it is desirable to configure some CCs without control signaling (as described in Figure 1), we propose the following
Proposal 1 - Extension carrier (as defined in RAN1 #57bis) should be supported for LTE-A.
Proposal 2 – LTE-A UEs need not monitor the control region of the extension carrier (i.e., PDSCH assignments on extension carrier can only be given via cross-carrier scheduling from a primary carrier).  
2.2 Signalling for Extension-carrier operation 

By definition, the extension carrier need not be operated as a single stand-alone carrier. This removes the need for transmitting Synchronization signals (P/S-SCH) and MIB on the extension carrier. While the overhead savings obtained by removing these transmissions is not very significant especially for larger bandwidths, removing them will reduce interference to other network nodes that configure the extension carrier frequency resources as their primary carrier. 

Since our primary motivation for supporting extension carrier operation is to cover scenarios where some CCs are not reliable for supporting PDCCH signaling, or scenarios where it is desirable to configure some CCs without PDCCH signaling, SIB transmissions that require PDCCH signaling should also not occur on the extension carrier. 
Broadcast parameters that are specific to extension carrier (e.g., extension carrier bandwidth, antenna information) can be sent as part of a Rel-10 specific SIB extension on the primary carrier. Another alternative is to send a dedicated RRC message to each Rel10 UEs that is configured to use the extension carrier. However, with this alternative, the eNB cannot immediately schedule resources on the extension carrier due to the timing uncertainty associated with dedicated RRC signaling.
Proposal 3 – LTE-A UEs should be able to receive PDSCH on the extension carrier without receiving P-S/SCH, MIB and SIBs on the extension carrier.
Proposal 4 – Rel-10 specific SIB extensions on the primary carrier transmit broadcast information associated with extension carrier.

2.3 ‘Extension-carrier’ and ‘Carrier Segment’
In RAN1#58bis, RAN1 discussed an additional definition for “carrier segments” as described in [5] (LS to RAN4 (cc RAN2)). Carriers segments are related to extension carriers in the sense that both cannot be operated as stand-alone and have to be linked to a stand-alone capable carrier. With carrier segments, RBs corresponding to the carrier segment are considered to be part of the ‘stand-alone capable carrier’ to which the segment is attached to as shown in Figure 2. On the other hand, for an extension carrier, RBs corresponding to the extension carrier are considered as a separate carrier distinct from the ‘stand-alone capable carrier’ associated with the extension carrier. 
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Figure 2 – Extension Carrier and Carrier Segment Comparison
As described in [5], carrier segments are targeted for certain specific small bandwidth scenarios where the cumulative bandwidth of the segment and stand-alone capable carrier is less than the maximum Rel8 ‘addressable bandwidth’ of 110RBs and the segment RBs are contiguous to stand-alone capable carrier. For this particular subset of scenarios, carrier segments provide an alternative to extension carriers by allowing both the stand-alone capable carrier RBs and segment RBs to be addressed using a single PDCCH (i.e., a single TB can assigned over the cumulative RBs). If extension carrier approach is used for small bandwidth scenarios, then RBs belonging to the extension carrier have to be scheduled using a separate PDCCH (i.e., separate TB assigned for extension carrier) via cross carrier scheduling. Therefore for the specific case of <110 RB bandwidth extension, carrier segments provide some gain by reducing the additional PDCCH transmission that would be required with extension carrier as well as avoiding the need to schedule two small TBs when scheduling a larger TB is more efficient. It should be noted that, as shown in Figure 2, carrier segments can be used for interference mitigation in Heterogeneous networks in a manner similar to extension carriers.
3
Conclusions

We propose the following

· Proposal 1 - Extension carrier (as defined in RAN1 #57bis) should be supported for LTE-A.
· Proposal 2 – LTE-A UEs need not monitor the control region of the extension carrier (i.e., PDSCH assignments on extension carrier can only be given via cross-carrier scheduling from a primary carrier).  
· Proposal 3 – LTE-A UEs should be able to receive PDSCH on the extension carrier without receiving P-S/SCH, MIB and SIBs on the extension carrier.

· Proposal 4 – Rel-10 specific SIB extensions on the primary carrier transmit any broadcast information associated with extension carrier.
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� PDCCH,PHICH,PCFICH,P/S-SCH


� If the available bandwidth is greater than 20MHz, then the bandwidth has to be split into different CCs with each CC having <=20MHz bandwidth





