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1 Introduction
Network operators that consider deploying LTE exhibit largely different spectrum holdings. There is not always a good match between the real-life allocations and the LTE bandwidth numerology since in many frequency bands, LTE offers only a rather crude bandwidth granularity. Current channel bandwidths defined by RAN4, may in some cases, force operators to waste part of the allocated/purchased bandwidth. 
One LS was sent from RAN1 to RAN4 [1] in the RAN4#60bis meeting in Zhuhai, stating that it is for RAN4 to determine whether there is a need for new RF bandwidths to support improved bandwidth scalability. The issue discussed during the online discussion was whether new channel bandwidths (<20 MHz) are needed in order to better match the real-life spectrum allocation. Unfortunately, RAN4 did not reach agreement in Rel-11 and thus the reply LS was suspended.
A New Carrier Type (NCT) WI was approved in last RAN Plenary meeting as a Rel-12 WI. The bandwidth issue still exists for some operators due to the issue of allocated spectrum not matching the LTE numerology. In principle, for a non-backwards compatible NCT, RAN4 could consider any new channel bandwidth. On the other hand, a channel bandwidth of an NCT corresponding to more than 110 PRBs would necessitate major redesign of the physical layer. Since the issues of bandwidth scalability appears to be mostly relevant for channel bandwidths <20 MHz, our understanding is that the NCT would be confined to 110 RBs. That would reasonably also imply that the existing channel bandwidths are supported for the NCT and the issue is whether/how the bandwidth scalability can be additionally improved. 
This contribution raises the issue and provides preliminary discussion on approaches/methodologies to study new bandwidths in RAN4 and provides a corresponding draft for reply LS to RAN1.
2 Discussion
2.1 Background
During last RAN Plenary meeting, operators’ interests on studying bandwidth scalability in RAN were observed, especially for channel bandwidth <20 MHz. The intention is to make the best use of the spectrum that purchased/allocated. 

Some real-world examples of operator frequency block assignments that differ from LTE bandwidths are shown in [2] and copied below in Table 1, 2 and 3.

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


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

	US
	6, 12


Those examples above show that several of the non-standard frequency block assignments are contiguous with bandwidths < 20 MHz. Currently there are two approaches to achieve the scalable bandwidths that better match real-world frequency block assignments: one is carrier aggregation with component carriers having small bandwidths (< 5 MHz); the other is new channel bandwidth. Corresponding methodologies are discussed below.
2.2 Methodologies to achieve new bandwidths

2.2.1 Carrier aggregation with small bandwidth (< 5MHz) component carrier
To achieve additional spectrum flexibility, for example 6 and 12 MHz, a solution is to make use of the bandwidths 1.4MHz and 3MHz and many combinations achieved by using these two bandwidths, for example, 6MHz (3MHz+3MHz) and 11.4MHz (10MHz+1.4MHz) etc. It can be seen that small bandwidths offer very good spectrum flexibility to match the real-life spectrum allocation. Additionally, to fully utilize the 6 and 12 MHz spectrum, it is technically possible to use 5+1.4 MHz and 10+3 MHz with partial bandwidth utilization on NCT which further relates to agreement on reducing the CRS bandwidth for non-synchronized carrier in RAN4.
However small bandwidths, 1.4MHz and 3MHz, for CA are not supported for Rel-10 and Rel-11 The main technical flaw for small bandwidth CA would be the excessive signaling overhead since carrier aggregation in Rel-10/11 implies that each component carrier is backwards compatible and can be operated independently such that it therefore has to contain all physical channels/signals. This may not be an issue in Rel-12 since the NCT is not supposed to be backwards compatible. 
For intra-band contiguous carrier aggregation, one way to reduce signaling for additional carrier is to consider it as the extension of the Rel-11 carrier (legacy carrier). Then the additional carrier can have its control signaling on the Rel-11 carrier. Hence, it is expected that the inefficiency of carrier aggregation with small component carrier bandwidths currently present in Rel-11, can be overcome in Rel-12. In addition, this is expected especially with joint coding of resource allocation. 
In any case, even if RAN1 chose not to further optimize the signaling for carrier aggregation for NCT, further improvements of spectrum usage could be done in terms of channel spacing so that the additional carrier can be located closely to the Rel-11 carrier. Thereby, improved bandwidth scalability may be obtained in Rel-12. Furthermore, RAN4 is currently studying the feasibility of synchronization and RRM measurements based on a reduced CRS for NCT, which may not occupy the whole carrier bandwidth. This may also allow some further degree of improving the bandwidth scalability. Hence, it needs to be decided how to work on the RF side for improving the bandwidth scalability, at least for the NCT.
2.2.2 New channel bandwidths
The other approach to achieve bandwidth flexibility is to define new channel bandwidths < 20 MHz. This approach is not dependent on that a new carrier type is defined in Rel-12. A new channel bandwidth implies that the carrier will not be backwards compatible even if it only contains the channels and signals defined in Rel-11. 
From the discussion above, it can be seen that from the RAN4 specification perspective the boundary between intra-band contiguous carrier aggregation and new channel bandwidths is no longer quite clear, since the RF requirements do not preclude any implementation. If the contiguous carrier aggregation can be achieved from baseband side, then RAN4 can define RF requirements for new channel bandwidths. The new channel bandwidths can be based on operator’s specific demand and achieved from separate work items.
3 Conclusion
It has been observed in RAN4 that improvements to the bandwidth scalability are desirable. This contribution discusses how to study new bandwidths in RAN4 and provides a corresponding draft for reply LS to RAN1 as attached.
Annex: Draft reply LS to RAN1
1. Overall Description:

RAN4 would like to thank RAN1 for its LS in R1-113551 and would like to provide the following initial feedback to the conclusion and working assumptions listed in the RAN1 LS.

1)
The concept of RF bandwidth is ambiguous in TS 36.104 and the term channel bandwidth or aggregated 
channel bandwidth shall be used instead, i.e. new RF bandwidths mean new channel bandwidths or new aggregated channel bandwidth in RAN4.

2)
In RAN4, some operators have identified the clear need to create some new channel bandwidth in addition to 3GPP Release-11 set of channel bandwidths in order to meet their specific spectrum holdings. RAN4 is currently evaluating the possibility of improving the bandwidth scalability by adding new channel bandwidths (with NCT confined to 110 PRBs) considering the associated core and performance work for Release-11.
3)  RAN4 considers that new channel bandwidths can be achieved by two approaches: 1. define new aggregated channel bandwidths by carrier aggregation; 2. define new channel bandwidths according to operators’ specific demand.

4)  From the RAN4 specification perspective the boundary between intra-band contiguous carrier aggregation and new channel bandwidths is no longer quite clear. The RF requirements do not preclude any specific implementation.
2. Actions:

To: RAN1 
ACTION: 
RAN4 respectfully asks RAN1 to take the above information into account in their specifications for Rel-12.
3. Date of Next 3GPP TSG-RAN4 Meetings:
3GPPRAN4#62-BIS
26 - 30 Mar 2012     Jeju    Korea   
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