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1 Introduction
In certain countries the channelization plan results in spectrum blocks allocated to an operator do not exactly correspond to the specified channel bandwidth supported since Rel-8, i.e. 1.4, 3, 5, 10, 15, 20 MHz. Such cases may also arise when spectrum is displaced/re-farmed from GSM, CDMA or UMTS to LTE within one operator’s licensed spectrum. To utilize the operator’s spectrum asset as much as possible, a new WI proposal was discussed in RAN plenary for several times [1]. Unfortunately it was not approved and some issues related to RAN4 are identified during the discussion. In this contribution, we provide analysis and solutions on these issues.
2 Discussion
2.1 Background
6 channel bandwidths are specified in current LTE specifications. But in practice operators may hold spectrum size which is different with these standard bandwidths. As shown in figure 1, the situation will be increasingly prominent with the re-farming of GSM and CDMA bands. Based on our statistic about 50% bandwidth sizes are non LTE standard bandwidth. In such cases if operator still adopts the close standard channel bandwidth, there is a waste in spectrum resource. 
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Figure 1 Available spectrum with non-standard bandwidth
Carrier aggregation may be one of the solutions with small bandwidth (< 5MHz) component carrier, for example, 6MHz (3MHz+3MHz) and 12MHz (10MHz+1.4MHz) etc. There are several disadvantages for CA solution. Firstly, lots of spectrum blocks (such as 12M by using 10MHz and 1.4MHz) are still not efficiently utilized. Secondly, there will be large standard effort in RAN4 to define diversified CA band combinations. Furthermore, CA with small bandwidths is inefficiency due to the excessive common control signaling, the separate PDCCH scheduling and UCI feedback for each component carrier. Small bandwidths also degrade UE throughput especially for non-CA capable UEs. Based on these disadvantages, using carrier aggregation within a non-standard block sizes would not fully utilize the spectrum expect in special cases.
Another possible solution is shown in Figure 2. Two use case examples are demonstrated as below. To improve the usage of frequency spectrum, eNB uses the whole new bandwidth. Meanwhile, in order not to introduce unacceptable impact to UE, no new channel BW rather than the 6 legacy channel BW will be introduced. Both legacy UE and new UE uses legacy channel BW (5MHz for the following cases). 
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Figure 2-1: use case1                            Figure 2-2: use case 2
To maintain the backward compatibility, legacy UEs can access and operate on the part of the carrier where the resource would carry common control channels, common reference signals and legacy PDCCH, etc. New UE needs to support DC, CRS, control channel location changes.  
· DL: Common control channels can be shared by legacy UEs and new UEs or the solution can be same as the Rel-13 MTC solution with re-tuning to the central 6 PRBs of the legacy carrier
· UL: RACH/PUCCH can be configured in the legacy shared region or separate RACH/PUCCH resource can be defined for new UEs
· To align PRB numbering and boundary, DC of new UE belongs to one PRB (but data can be punctured or rate matching around this DC) 
2.2 RF impact to UE side

Legacy channel bandwidths are re-used and existing UE RF requirements such as transmitter unwanted emission and receiver blocking requirements can be re-used. It is foreseen that there is no hardware impact on UE side.
2.3 RF impact to BS side
There are different implementations for BS to achieve new channel BW. Using a new filter is a most straight forward solution. The drawback of this method is that there is a limitation on the number of new channel BWs. Alternatively combining two legacy standard bandwidths to a new channel bandwidth is a promising solution, which is shown in figure 3. The solution can achieve almost any bandwidth size between the two standard channel BWs. For the purpose of not to restrain the implementation, the new BW can be a manufacture declarable option, i.e. based on the operator’s request and vendors declare the support of new BW(s) and test it.
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                               Figure 3: example solution 
In current LTE specification, for Channel Bandwidth (CBW) >= 3MHz, 10% CBW is used as guard band. To maintain the same implementation complexity of filter, the same principle can be re-used. For CBW >= 5MHz, one uniform emission mask is defined. As long as the new BW is larger than 5MHz, this mask can be re-used. In receiver side, the RF requirement are defined based on 25 RB using the same reference measurement channel for CBW >= 5MHz. Hence for new CBW larger than 5 MHz, current transmitter and receiver RF requirements can be re-used. For the new CBW less than 5MHz, separate requirements are defined. Based on the finding above, it is proposed to limit the case to new CBW >= 5MHz for 1st step in RAN4 specification. With this assumption, the primary assessment on each BS RF requirement is shown in Table 1. It is found that there no new RF requirement needs to be introduced and most of RF requirements can be re-used without change. Only a few requirements need small change due to new bandwidth, e.g. location of interfering signal for receiver requirements.
Table 1: analysis on the impact to BS specification
	Subject
	Clause in 36.104
	Requirement
	Initial assessment

	Transmitter
	6.1
	General
	no change

	
	6.2
	Base station output power
	no change 

	
	6.3.1
	RE Power control dynamic range 
	no change 

	
	6.3.2
	Total power dynamic range
	Small change is needed for total power dynamic range. A new row should be added for flexible BW, and the requirement can be defined by scaling.

	
	6.4
	Transmit ON/OFF power 
	no change

	
	6.5
	Transmitted signal quality
	no change

	
	6.6.1
	Occupied bandwidth
	99% of the total mean transmitted power shall transmitt within the declared channel bandwidth. 
No change for the requirement

	
	6.6.2
	ACLR
	no change

	
	6.6.3
	Operating band unwanted emissions
	operating band unwanted emission limits for 5, 10, 15 and 20 MHz channel bandwidth can be re-used

	
	6.6.4
	Transmitter spurious emissions
	no change

	
	6.7
	Transmitter intermodulation
	no change

	Receiver
	7.1
	General
	no change

	
	7.2
	Reference sensitivity level
	Reference sensitivity level for 5, 10, 15 and 20 MHz channel bandwidth can be re-used

	
	7.3
	Dynamic range
	The wanted mean power is power of 25 RB which can be re-used. The interfering signal should be scaled by the ratio of bandwidth.

	
	7.4
	In-channel selectivity
	For 5MHz BW case10 RB is adopted for both wanted signal and interfering signal. 25 RB are adopted for 10, 15 and 20 MHz channel bandwidth. Hence for 5MHz <new bandwidth<10 MHz, ICS for 5MHz can be re-used. For new channel bandwidth >10 MHz, ICS for 10, 15 and 20 MHz can be re-used. 

	
	7.5
	Adjacent Channel Selectivity (ACS) and narrow-band blocking
	ACS and narrow-band blocking requirements can be re-used while the location of interfering signal shall be studied.

	
	7.6
	Blocking
	Blocking requirement for 5, 10, 15 and 20 MHz channel bandwidth can be re-used

	
	7.7
	Receiver spurious emissions
	no change

	
	7.8
	Receiver intermodulation
	Receiver intermodulation requirements can be re-used while the location of CW interfering signal shall be studied.


2.4 Impact to cell search
One comment on introduction of new DL channel bandwidth is that acquisition of a cell may be dependent of the transmitting bandwidth for some UE implementation. I.e. to reduce the time of cell search, UE may measure the bandwidth of the signal before it starts to search for the PSS and the SSS. Such legacy UE may confuse the bandwidth size in the scenario of flexible bandwidth which bandwidth size is not exactly matched with the LTE channel bandwidths. We think it can be solved by some implementation methods or new design of flexible bandwidth: 
· For legacy UE, some implementation method such as scheduling over carriers can be used, which is similar case as that discussed in intra-band contiguous CA with minimum spacing. Alternative method is using new design on the flexible bandwidth, e.g. the border of legacy spectrum and new spectrum can be empty with zero transmit power for a few subcarriers or the transmit power of non-legacy part can be lower than that of the legacy part.
· For the new UE, rather than the method based on the estimation of the bandwidth, there are quite a few algorithms to improve the speed of cell search, such as access approach based on stored information. 
As discussed above, in the scenario of flexible bandwidth, with proper solutions, cell search will not be an issue.
3 Conclusion

Based on the investigation above, in order to utilize the operator’s spectrum asset as much as possible and keep limited impact on hardware implementation and RAN4 specification work. For the new WI on bandwidth flexibility, following assumptions are proposed to make the WI work move forward.
· The new CBW is a manufacture declarable option and shall be >= 5MHz
· Legacy channel bandwidths are re-used and no new CBW is introduced for UE
· With proper solutions, cell search will not be an issue
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