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1 Introduction

RAN1 discusses currently two concepts for non-standalone carriers, extension carriers and segments [1]

 REF _Ref244928214 \r \h 
[2]. In this contribution we compare these two options and state our view on this issue.
2 Discussion

During RAN1 #58bis definitions for extension carriers and segments were circulated. They are repeated here in Section 2.1 and 2.2, respectively.
2.1 Extension Carriers

The most important properties of extension carriers are summarized in Table 1. 

Table 1: Properties of extension carriers.

	Extension carriers

	Supported by carrier aggregation

	Non-backwards compatible carrier

	Transmission bandwidth is at least from the set of existing values, i.e., {6, 15, 25, 50, 75, 100} RBs. Other transmission bandwidths may be defined by RAN4. 

	The sum of backward compatible component carrier and extension carrier can be more than 110 RBs.

	Separate PDCCH indicates the RBs defined within the extension carrier.

	It is FFS whether the linkage between backward compatible component carrier and extension carrier is per UE.

	Separate HARQ process running within an extension carrier.

	Backward compatible component carrier (to which the extension carrier is linked to) and the extension carrier can be configured with different transmission modes.

	Extension carriers configuration without CRS is FFS.

	Extension carriers can be configured as contiguous or as non-contiguous to the backwards compatible component carrier they are linked to.


2.2 Segments

Table 2 summarizes the most important characteristics of segments.

Table 2: Properties of segments.

	Segments

	Not necessary to have carrier aggregation.

	Used to enable additional transmission bandwidths beyond the set of Rel-8 values, i.e., {6, 15, 25, 50, 75, 100} RBs but no more than 110 RBs. What sets are used is defined by RAN4.

	The sum of backward compatible component carrier and segment(s) shall be no more than 110RBs. Configurations with sum of backwards compatible component carrier and segment(s) over 110RBs are FFS. 

	One PDCCH indicates the RBs allocated in the sum of backward compatible carrier and segment(s).

	One HARQ process for the sum of backward compatible carrier and segment(s).

	Backward compatible component carrier and segment(s) use the same transmission mode.

	Segments configuration without CRS is FFS.

	Segments are contiguous to the component carrier they are associated with.


2.3 Comparison of Extension Carrier and Segment

Table 3 lists the main differences between extension carriers and segments. 

Table 3: Differences between extension carriers and segments.

	Extension carrier
	Segments

	Supported by carrier aggregation
	Not necessary to have carrier aggregation

	Extension carriers can be configured as contiguous or as non-contiguous to the backwards compatible component carrier they are linked to.
	Segments are contiguous to the component carrier they are associated with.


	The sum of backward compatible component carrier and extension carrier can be more than 110 RBs.
	The sum of backward compatible component carrier and segment(s) shall be no more than 110RBs. Configurations with sum of backwards compatible component carrier and segment(s) over 110RBs are FFS.

	Separate PDCCH indicates the RBs defined within the extension carrier.
	One PDCCH indicates the RBs allocated in the sum of backward compatible carrier and segment(s).

	Backward compatible component carrier (to which the extension carrier is linked to) and the extension carrier can be configured with different transmission modes (if control signaling allows for that).
	Backward compatible component carrier and segment(s) use the same transmission mode.

	Separate HARQ process running within an extension carrier.
	One HARQ process for the sum of backward compatible carrier and segment(s).


2.3.1 Carrier Aggregation, Spectral Placement and Bandwidth

An extension carrier is an independent entity; therefore there is no limitation on the sum bandwidth of extension carrier and main carrier. The only requirement that all component carriers must fulfill is that each component carrier is limited to 110 RB. The sum of resource blocks of segments and main carrier on the other hand is limited to 110 RB. 

Segments can furthermore only be placed directly adjacent to the main carrier they belong to. This together with the bandwidth limitation to 110 RB of the carrier combination limits the application of segments severely. Segments can only be used if the available contiguous spectrum is not optimally utilized by a Rel-8 bandwidth. Extension carriers on the other hand can be used in this scenario [3] as well as in other cases, for example if the available spectrum is not contiguous or the available bandwidth exceeds 110 RB. 

Depending on the implementation of segments carrier aggregation may not be needed and segments could thus be deployed without carrier aggregation. However, segments would require definitions of new transmission bandwidths in RAN4, while extension carriers would not require this (if Rel-8 bandwidths are re-used for extension carriers). We fear that definitions of new transmissions bandwidths and the related RF requirements in RAN4 is a very lengthy process which possibly could take a long time to complete. 

2.3.2 Separate PDCCH and Transmission Modes
Extension carriers require a separate PDCCH which may lead to some additional overhead compared to segments where only a single PDCCH is used for both main carrier and segments. PDCCH for an extension carrier can be transmitted directly on the extension carrier or on another carrier using carrier indicator bits. In case PDCCH is directly transmitted on the extension carrier additional overhead occurs. 

However, if carrier indicator bits are used the additional PDCCH only leads to additional overhead if the control region increases on the main carrier when adding PDCCH of the extension carrier. For example, if the control region spans 2 OFDM symbols on the main carrier and adding PDCCH of the extension carrier does not increase the control region size no additional overhead occurs. 

However, using an independent PDCCH for the extension carrier enables independent transmission mode configuration and modulation and coding scheme selection of the extension carrier which is particular useful in cases where the extension carrier is not adjacent to the main carrier. 

2.3.3 HARQ

The extension carrier requires and independent HARQ process which leads to additional complexity. However, the additional complexity of an additional HARQ process is judged to be minor.

An independent HARQ process on the other side together with the independent modulation and coding scheme selection allows improved link adaptation. This is especially useful in case that extension carrier (segment) and main carrier experience different interference. At the time when Rel-10 will be deployed a network will already serve several Rel-8/9 terminals. The interference within the Rel-8 bandwidth (which is used by Rel-8/9 terminals) and the spectrum occupied by the extension carrier (segment) may be different, individual modulation and coding scheme selection as well as independent HARQ are therefore beneficial. 

At RAN1 meeting RAN1 #55bis it has been agreed that each component carrier is running within its own HARQ process [4]. At RAN1 meeting RAN1 #57 is has been furthermore decided on separate encoding of DL assignments and UL grants for each component carrier [5]. A common HARQ process and PDCCH together with the main carrier may therefore violate earlier RAN1 agreements. 

Based on above comparison it is concluded that extension carriers are more flexible than segments and are wider applicable. 

Proposal 1: It is proposed to adopt extension carrier instead of segments.
2.4 Improvements of Extension carriers
In case an extension carrier is scheduled via a PDCCH from another carrier also PHICH will be transmitted on that other carrier. The only remaining control channel is PCFICH. However, if the extension carrier is always scheduled from another carrier PDCCH and PHICH are never transmitted on the extension carrier. Transmission of PCFICH is therefore not needed. It is therefore proposed to semi-statically configure if an extension carrier has a control region or not. In the first case an extension carrier can be scheduled with a PDCCH transmitted on the extension carrier or with a PDCCH transmitted on another carrier (depending if carrier indicator bits are configured or not). 

Proposal 2: An extension carrier can be configured to neither contain PDCCH, PHICH, nor PCFICH and thus no control region.

An extension carrier cannot be deployed alone but only as part of a component carrier set where at least one other carrier needs to be a standalone carrier. It is therefore not required that an extension carrier can be found by cell search, e.g. in scenarios where the received downlink timing of the extension carrier can be assumed to be identical to that of the main carrier. 

Proposal 3: Extension carriers can be configured not to contain synchronization signals.

For TDD operation, it is in addition necessary that both main carrier and extension carrier are setup with the same UL/DL configuration. This is obvious for intra-band carrier aggregation but even required for inter-band carrier aggregation to avoid unnecessary complex solutions for UL control signaling where all UL control is mapped onto a single UL component carrier [6]. 

Proposal 4: For TDD the extension carrier must use the same UL/DL configuration as the main carrier.
3 Conclusion

It is proposed to adopt extension carriers instead of segments with the following definition of an extension carrier.

	 Extension carrier

	Requires carrier aggregation 

	Non-backwards compatible carrier

	Transmission bandwidth is at least from the set of existing values, i.e., {6, 15, 25, 50, 75, 100} RBs. Other transmission bandwidths may be defined by RAN4. 

	The extension carrier can have a transmission bandwidth of up to 110 RBs, independent from the transmission bandwidth of the other component carriers in the carrier aggregation set. 

	Separate PDCCH indicates the RBs defined within the extension carrier.

	The linkage between main standalone component carrier and extension carrier is per UE.

	Separate HARQ process running within an extension carrier.

	Main component carrier (to which the extension carrier is linked to) and the extension carrier can be configured with different transmission modes (if control signaling allows for that).

	Extension carrier configuration without CRS is FFS.

	Extension carriers can be configured as contiguous or as non-contiguous to the main compatible component carrier they are linked to.

	An extension carrier can be configured to neither contain PDCCH, PHICH, nor PCFICH and thus no control region.

	Extension carriers can be configured not to contain synchronization signals.

	For TDD the extension carrier must use the same UL/DL configuration as the main carrier.
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