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Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
[bookmark: _Toc447266108]
1	Scope
The present document is a technical report of the Study Item for LTE bandwidth flexibility enhancements, which was approved at TSG RAN #71 [2]. The report provides the analysis of impact to BS, UE RF requirements and cell search for bandwidth flexibility enhancements, as well as necessary changes for RAN4 specifications. The possible constraints to the LTE air interface design are also included.
[bookmark: _Toc447266109]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	RP-160681, "New Study Item proposal: LTE bandwidth flexibility enhancements".
[bookmark: _Toc447266110]3	Definitions, symbols and abbreviations
[bookmark: _Toc447266111]3.1	Definitions
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc447266112]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc447266113]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
<ACRONYM>	<Explanation>

[bookmark: _Toc447266114]4	Background
[bookmark: _Toc447266115]4.1	Task description
[bookmark: _Toc447266116]4.1.1	Objective of SI
This study item is to investigate the effectiveness of different proposals that are aimed to support bandwidth flexibility with limited impact on hardware implementation and RAN4 specifications, under the following assumptions:
(1) [bookmark: OLE_LINK6][bookmark: OLE_LINK17]The eNB operates in the entire N MHz block (1.4 < N < 20).
(2) The UE operates in legacy channel bandwidths and no new channel bandwidth will be introduced
The study item particularly covers the following aspects:
· Impact to BS/UE RF requirements together with implementation
· cell search performance for legacy UE

Based on the outcome of the above studies, the following specification-related work will be identified pending approval of the related Work Item:
1. Constraints to the LTE air interface design for bandwidth flexibility
2.  Necessary change for RAN4 specifications
Note: In this SI, the impact on RAN4 will be investigated. The impact on RAN1/2 of the above is not studied in this SI.
[bookmark: _Toc447266117]4.2	Use cases
The frequency bandwidth sizes for LTE have been standardized as {1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz, 20MHz}. However, those standard bandwidths limit the utilization of radio spectrum from the perspective of operators, since the spectrum owed by operators may not be the standard bandwidth. Since the channelization plan of certain countries is different, there are many non-standard frequency blocks as shown in Table 4.2-1, 4.2-2 and 4.2-3. Specifically, typical non-standard bandwidths of operators are shown in Table 4.2-4. 
Table 4.2-1: Examples of non-standard frequency block assigned 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 4.2-2: Examples of non-standard frequency block assigned 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 4.2-3: Examples of non-standard frequency block assigned to operators in North America
	Country
	Block assignment [MHz]

	US
	6, 12



Table 4.2-4: Examples of non-standard frequency blocks of operators
	Operators
	Block assignment [MHz]

	China Telecom
	11, 13.5

	China Unicom
	6

	Dish
	6

	Rogers
	1.5, 2.5, 6, 11

	Telus
	2.5, 6




[bookmark: _Toc447266118]5	Impact to BS RF requirements
5.1	Guard band 
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. Hence the transmission bandwidth configuration can be calculated as below.


Agreement：>=10% CBW is used as guard band for flexible bandwidth.
5.2	Transmitter and receiver RF core requirements
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 for both transmitter and receiver. 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. 
Receiver requirements for 10/15/20 MHz CBW, such as reference sensitivity, shall be met for each consecutive application of a single instance of 25 RB FRC mapped to the frequency ranges with a width of 25 resource blocks each. For flexible BW, whose transmission bandwidth configuration is not multiple of 25 RB, how the receiver requirements shall be met requires further consideration.
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 core 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
	FFS

	
	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 transmit 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 adjusted due to the new CBW.

	
	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 adjusted due to the new CBW.



Agreement: New CBW >5MHz is considered for flexible bandwidth
5.3	The impact due to position change of back compatibility part
 (
Case 1
B
ack compatibility part
DC of legacy UE
New channel BW: N MHz
Case 2
B
ack compatibility part
DC of 
new
 UE
)Taking the backward compatibility into account, part of spectrum shall be allocated to backward compatibility part. Legacy UEs can access and operate on backward compatibility part. Considering the location of backward compatibility part, two representative cases are shown in Figure 5.3-1. DC of legacy UE should be kept. DC of new UE belongs to one PRB but data can be punctured for the new UE. For case 1, it needs to be clarified that EARFCN is not located in the centre of channel bandwidth. For case 2, the back compatibility part is at the centre of channel bandwidth. There is no impact to EARFCN. Hence there is less impact due to position change of back compatibility part.






Figure 5.3-1: two representative cases 



5.4	Implementation consideration
There are different implementations for BS to achieve new channel BW. Using a new filter is a most straight forward solution. For this method there should be a limitation on the number of new channel BWs be supported. Hence 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. There is alternative method to implement new bandwidth, such as combining two legacy standard bandwidths to a new channel bandwidth in digital domain.                      
Observation: There are different implementations for BS to achieve new channel BW with limited impact on hardware implementation.
5.5 Conformance testing
The impact to conformance testing is FFS.

[bookmark: _Toc447266119]6	Impact to UE RF requirements

[bookmark: _Toc447266120]7	Cell search for bandwidth flexibility
In this section, the possible issue of cell search for legacy UE will be analyzed. The analyses from different companies are captured. Based on the analyses, the conclusions about constraints to LTE air interface and the impact on RRM requirements will be drawn.
[bookmark: _Toc446689495]7.1	Issue of cell search for legacy UE
One issue on cell search for legacy UE was raised. When UE conducts cell search, one kind of legacy UE may firstly estimate the spectrum shape and location of LTE carrier to be accessed approximately. Then the UE may determine the bandwidth of that carrier and adjust the cell search loop to the center frequency to conduct the cell identification. As a result, the cell search can be accelerated by reducing the candidate raster frequencies for searching.
But the bandwidth determination of such approach would be based on the apriori-knowledge that one of six normal bandwidths is deployed. If the flexible bandwidth, e.g., 7MHz, was deployed, the legacy UE would fail to determine the bandwidth such that the cell search delay would be intolerable since 7MHz is not a system bandwidth specified for LTE.
Because the legacy LTE UE was already in the market, company had concern on the introduction of the flexible bandwidth.
7.2	Analysis from companies

7.2.1	Company B (R4-16xxxx)

7.2	Conclusions


[bookmark: _Toc376710344][bookmark: _Toc447266121]8	Conclusions
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