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1 Introduction
In last RAN4 meeting in Zhuhai, one LS was sent from RAN1 to RAN4 [1] stating that RAN1 conclusion is:

Conclusion:

From a RAN1 perspective, the main motivations identified for introducing a new carrier type for carrier aggregation are:

· Enhanced spectral efficiency

· Improved support for het net

· Energy efficiency

It is for RAN4 to determine whether there is a need for new RF bandwidths to support improved bandwidth scalability. 

Furthermore, RAN1 made a working assumption that at least one new carrier type is introduced in Rel-11 (bandwidth agnostic from a RAN1 point of view), at least for the downlink. According to the LS, RAN4 should discuss the issue of improved bandwidth scalability within Rel-11 time line. This contribution recalls some discussion in Rel-10 and gives an overview of the issues that should be discussed in Rel-11.
2 Discussion
2.1 Backgrounds
Network operators that consider deploying LTE exhibit largely different spectrum holdings. There is not necessarily a good match between the real-life allocations and the LTE numerology since in most frequency bands, LTE offers only a rather crude bandwidth granularity, predominantly in steps of 5 MHz. This puts a limit to the bandwidth scalability as spectrum allocations may be technology neutral and are not necessarily a multiple of 5 MHz. The ongoing trend of spectrum refarming also gives rise to bandwidths that are not effectively matching those of LTE, e.g., 6 or 12 MHz. Hence, deploying LTE is not necessarily straightforward and spectrum may even have to be left vacant. This has been regarded as an issue by network operators world-wide and is particularly a problem for sub-20 MHz contiguous allocations of spectrum [2]. Some real-world examples of operator frequency block assignments that differ from LTE bandwidths are given in Table 1 and 2.

Table 1. Examples of real-world frequency block assignments to operators in Band 8.
	Country
	Block assignment [MHz]

	Germany

Italy
	3.8, 7.2

11.8, 12.4

	Slovakia
	6, 7

	Switzerland
	12.2, 12.4

	UK
	4.6, 7.4, 7.8


Table 2. Examples of real-world frequency block assignments to operators in Band 3.
	Country
	Block assignment [MHz]

	France
	21, 23.8, 26.6

	The Netherlands
	17.4

	Romania
	12.4, 12.7

	Slovakia
	5.4, 7.8, 13.4

	Switzerland
	16.2, 17.2


The transmission bandwidth configurations defined in Rel-8 were a trade-off between system complexity on one hand and bandwidth scalability on the other hand. However, already in Rel-10, it was concluded that the potential motivation for introducing an additional carrier type would be to provide improved spectral efficiency in scenarios involving bandwidth extension by narrow bandwidths, or when the actual bandwidth allocation does not match the Release 8 system bandwidth numerology, which was seen to be under the responsibility of RAN4 [3]. Two kinds of additional carriers are also described in LS [3]: extension carrier and carrier segment. 
“An extension carrier must be a part of a component carrier set where at least one of the carriers in the set is a backwards compatible component carrier. A carrier segment is defined as contiguous bandwidth extension of a backwards compatible component carrier. Given the above characteristics, extension carriers/carrier segments are not backwards compatible for Release 8 and Release 9 UEs.”
Note that extension carriers/carrier segments also would not be backwards compatible for Release 10 UEs.
The LS [1] does not provide any details on the new carrier type. From a RAN4 perspective, there is possibility that there may not be a significant difference on the carrier structure, e.g., whether an additional carrier type is considered to be an extension carrier or a carrier segment. In Rel-10, RAN4 concluded that the working assumption is that the number of resource blocks for additional smaller carriers (extension carrier/carrier segment) should be limited to the R8 channel bandwidth configurations. Based on such a working assumption, RAN4 could efficiently re-use the LTE Rel-8/9 RF and performance requirements for both normal carrier and additional smaller carrier (extension carrier / carrier segment) [4].
The bandwidth scalability has remained the same for LTE Rel-8/9/10. A new carrier type may be particularly suitable for improving the bandwidth scalability in Rel-11.

2.2  Rel-11 work on additional carriers
Given that there is now a working assumption of at least one new carrier type in Rel-11, it is suggested that RAN4 picks the work up from where we left off in Rel-10. One factor that is related to the bandwidth scalability of a new carrier type is the carrier spacing. In the response LS [4] sent from RAN4 to RAN1 during Rel-10 study, it states that from an RAN4 RF point of view, the presence or absence of 300 kHz carrier spacing should not make a difference for additional smaller carriers. The carrier spacing between an additional smaller carrier and a normal component carrier is FFS. In this case, it is recommended that RAN4 starts the Rel-11 discussion from the carrier spacing between an additional smaller carrier and a normal component carrier.
Proposal 1: RAN4 should clarify the FFS items left over from Rel-10 [4]. 
The new LS from RAN1 [1] states that it is for RAN4 to determine whether new RF bandwidths are needed to support improved bandwidth scalability. There are several approaches for RAN4 to study this issue:
1. Define new transmission bandwidth configurations
2. Define CA combinations with 1.4, 3 MHz channel bandwidth.
3. Define RF requirements for additional carrier type like extension carriers/carrier segments.
Proposal 2: It is proposed that RAN4 starts to improve bandwidth scalability.

There were already some RAN4 discussions on above mentioned candidate approaches in Rel-10. 

For approach 1, major difficulties seen in Rel-10 on this option were complexity of finding new proper bandwidth and RAN4 workload back then. It is foreseeable that those difficulties might remain in Rel-11 study.
For approach 2, carrier aggregation has to be done with narrow bandwidth carriers. Hence, the tradeoff between signaling overhead and marginal improvement on the throughput has to be made..

Given that there is a working assumption on a new carrier type, it is thus proposed that RAN4 further study the possibility of developing new RF requirements for approach 3 in Rel-11 time line.
Proposal 3: It is proposed that RAN4 studies additional carrier types like extension carriers/carrier segments in Rel-11 from RAN4 points of view.
3 Conclusion
The additional carrier type should provide improved bandwidth scalability considering largely different spectrum holdings among operators. 
It is proposed that RAN4 study the additional carrier type from following perspectives:

Proposal 1: RAN4 should clarify the FFS items left over from Rel-10 [4]. 
Proposal 2: It is proposed that RAN4 evaluates several approaches for bandwidth scalability improvements.

Proposal 3: It is proposed that RAN4 studies the additional carrier types like extension carriers/carrier segments in Rel-11 from RAN4 points of view.
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