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1 Introduction
The incoming LS from RAN1 [1] gives definitions for potential new carrier types, i.e., extension carriers or carrier segments. However, it was also recognized that the motives for adopting any of these additional carrier types in Rel-10 are under RAN4’s responsibility, e.g., to provide improved spectrum usage in scenarios involving bandwidth extension by narrow bandwidths, or when the actual bandwidth allocation does not match the Rel-8 system bandwidth numerology. 

In this paper, we briefly review the relevant scenarios for improved spectrum usage in Sec. 2 and discuss the related technical solutions in Sec. 3. 
2 Scenarios for improved spectrum usage
In terms of identifying the needs for improved spectrum usage, we foresee two main scenarios:  

Bandwidths above 20 MHz
With multiple contiguous carriers, the spectrum utilization can be somewhat adjusted, since RAN4 already agreed that the spacing between component carriers should be a multiple of the subcarrier spacing. Thereby, unnecessary guard bands between contiguous component carriers could be removed. In addition, RAN4 noted the possibility to have “additional smaller carriers (extension carrier/carrier segment)” [2], in order to utilize the spectrum that could be made available by the compact spacing of component carriers.

The current proposal for LTE-Advanced deployment scenarios [3], consider contiguous 40 MHz UL/DL for FDD and 50 MHz for TDD. Depending on the actual spectrum allocation to the operator and respecting Rel-8 numerologies for the additional smaller carriers, for these two scenarios, typically 1x6, 2x6 or 3x6 extra resource blocks could be added either as separate carriers (Rel-8 carriers or extension carriers) or as carrier segments. Since it was suggested that carrier aggregation should be a release independent feature, other numbers of extra resource blocks may be relevant if wider bandwidths are introduced later on.
Bandwidths below 20 MHz
In many practical cases, the operator’s spectrum allocations do not match well with the 6 bandwidth configurations that LTE Rel-8 offers. One example is the recent EU decision to update the GSM directive [4], which will open up for deploying LTE in this band. Many GSM allocations are between 5 and 10 MHz or between 10 and 15 MHz. Especially 5 and 10 MHz bandwidths could be found rather coarse when migrating from GSM to LTE. For example an operator with slightly less than 10 MHz that deploys a 5 MHz carrier, would find a rather large relative part of its spectrum unavailable for LTE. Hence, the current bandwidth scalability of Rel-8 may be too limiting and additional means be discussed.
In order for RAN4 to conclude if there is a need to provide the discussed bandwidth scalability and improved spectrum usage, we believe that operator input on the relevance of the above two cases would be essential.

While RAN4 may not be able to address all the relevant deployment scenarios in the Rel-10 timeframe,  the need for core features, in particular those impacting RAN1 and RAN2 specifications, for improving the spectrum usage should be addressed at an early stage in order to allow an introduction of new bandwidth combinations in a release independent way.    

3 Methods for improved spectrum usage
If RAN4 finds that solutions are needed for the issues listed in Sec. 2, a few different alternatives could be envisaged for improving the spectrum usage.
Carrier aggregation with Rel-8 component carriers

Carrier aggregation is always needed if the total bandwidth exceeds 20 MHz, and will be supported in Rel-10. Thus additional carriers could be deployed to better match the actual spectrum allocation. Seemingly, utilizing carrier aggregation with Rel-8 carriers appears to be an alternative that incurs small specification impact to RAN1 and RAN4 as no new carrier types are defined. However, it should be noted that the current focus of the Work Item is to mainly apply carrier aggregation for cases above 20 MHz bandwidth as a way to achieve the ITU requirement of at least 40 MHz. If for example contiguous carrier aggregation should be provided for bandwidths smaller than 20 MHz, RAN4 would have to develop the specifications for those deployment cases as well (and maybe UE categories). Notably, RAN1 will design the control signalling under the assumption that the resource allocation and ACK/NACK feedback for multiple DL CCs should not be optimized for a large number of UEs being simultaneously scheduled on multiple DL CCs [5]. That is few UEs are expected to need more than one carrier in the UL. This is likely to be violated if carrier aggregation below 20 MHz should be supported, wherein a potentially large number of UEs may want to enjoy the whole bandwidth (and therefore require carrier aggregation), yet the impact that would have on the system is difficult to predict at this moment.

Carrier aggregation with Extension carrier

An extension carrier (yet to be agreed) is not Rel-8/9 compatible, cannot be run as a stand-alone carrier and can only be accessed by Rel-10 UEs capable of carrier aggregation. Since it does not have any control channels [1], it is limited to always be operated through cross-carrier scheduling (which is not required for a Rel-8 carrier), even if the interference situation or system load would not require that. Cross-carrier scheduling (which is also possible on a Rel-8 carrier) uses multiple PDCCHs, which may result in an increased number of blind decodes for UEs scheduled on the whole bandwidth and in larger PDCCH blocking in the main carrier, which in the end also would impact Rel-8 UE performance. 
Furthermore, RAN2 found that the overhead savings from extension carriers is marginal [6]. Hence, we do not see that there is any additional merit or flexibility (compared to using Rel-8 component carrier) in terms of improving the bandwidth scalability or efficiency, that would justify specifying an extension carrier.

New Rel-10 transmission bandwidth configurations

New transmission bandwidth configurations are currently not prioritized in Rel-10, although they are not precluded [2]. If RAN4 would identify the need for new configurations, the main impact would be confined to the RAN4 specifications, as RAN1 has bandwidth agnostic specifications. A new bandwidth configuration would be able to improve the bandwidth utilization with very high resolution without requiring UEs capable of carrier aggregation but the main drawback is that such a carrier is not backwards compatible, i.e., it cannot be accessed by Rel-8/9 UEs. 
Also it is not evident what new transmission bandwidth(s) would be the most suitable and new RAN4 performance requirements would need to be specified for each additional bandwidth 

Rel-8 carrier with carrier segments
According to RAN1’s definitions [1], carrier segments (yet to be agreed) constitute Rel-10 resource blocks added to a Rel-8 carrier. Thus the Rel-8 carriers could be widened for Rel-10 to better match the spectrum. Carrier segments do not constitute separate component carriers, hence only a single PDCCH and HARQ process is needed and UEs do not need to support carrier aggregation to access segments. This means less feedback is used for a component carrier that includes segments which is more efficient than carrier aggregation solutions, particularly for bandwidths below 20 MHz. RAN4 has previously agreed that carrier segments would have to be confined to the Rel-8 configurations [2]. In Appendix, we list the resulting bandwidths that could be facilitated for 1 component carrier being extended with segments under this assumption. Since RAN1 has limited the number of component carriers to 5 [5], it would be possible to deploy 5 backwards compatible carriers, each having up to 2 carrier segments. Carrier segments would thus apply for bandwidths both below and above 20 MHz, using carrier aggregation of component carriers in the latter case. Component carriers that include carrier segments also do not have to be adjacent. 
4 Conclusions
The two main scenarios for improved spectrum usage are for contiguous carrier aggregation >20 MHz and for bandwidths <20 MHz that do not correspond to Rel-8 bandwidths. 
We believe that operator input on the relevance of those scenarios is highly desirable and would help RAN4 to conclude on whether methods for improved spectrum usage are required. Such methods should then be considered at an early stage to allow introduction of related bandwidth combinations in a release independent way. 
In terms of technical solutions, we find that carrier segments would be the most efficient way to improve the spectrum usage and flexibility.  
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Appendix
Table 1. Carrier configurations with two segments and corresponding channel bandwidths. 
	Configuration
	#RBs
	Bandwidth [MHz]
	Configuration
	#RBs
	Bandwidth [MHz]
	Configuration
	#RBs
	Bandwidth [MHz]

	(6,6,6)
	18
	3.6
	(15,25,15)
	55
	11
	(15,50,15)
	80
	16

	(6,15,6)
	27
	5.4
	(25,6,25)
	56
	11.2
	(6,75,6)
	87
	17.4

	(15,6,15)
	36
	7.2
	(6,50,6)
	62
	12.4
	(25,50,25)
	100
	20

	(6,25,6)
	37
	7.4
	(25,15,25)
	65
	13
	(15,75,15)
	105
	21

	(15,15,15)
	45
	9
	(25,25,25)
	75
	15
	(50,6,50)
	106
	21.2


Table 2. Carrier configurations with one segment and corresponding channel bandwidths.
	Configuration
	#RBs
	Bandwidth [MHz]
	Configuration
	#RBs
	Bandwidth [MHz]
	Configuration
	#RBs
	Bandwidth [MHz]

	(6,6)
	12
	2.4
	(25,25)
	50
	10
	(15,75)
	90
	18

	(6,15)
	21
	4.2
	(6,50)
	56
	11.2
	(25,75)
	100
	20

	(15,15)
	30
	6
	(15,50)
	65
	13
	(50,50)
	100
	20

	(6,25)
	31
	6.2
	(25,50)
	75
	15
	(6,100)
	106
	21.2

	(15,25)
	40
	8
	(6,75)
	81
	16.2
	-
	-
	-














































































































































































































