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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.

1
Scope

The present document is a technical report for the study item on the extension of the AWS Band for LTE approved at TSG RAN#64. The objective of the study item is to evaluate the technical feasibility of different band plans as shown in the study item description.
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]
3GPP TR 30.007: "Guideline on WI/SI for new Operating Bands"
[3]
RP-141036, "New Study Item Proposal: AWS-Extension Band for LTE", RAN#64 June 2014
[4]
"Amendment of the Commission’s Rules with Regard to Commercial Operations in the 1695-1710 MHz, 1755-1780 MHz, and 2155-2180 MHz Bands", GN Docket No. 13-185, Report and Order, 29 FCC Rcd 4610 (2014)  (AWS-3 R&O).FCC 14-31 Report and Order
[5]
CCP.II-RADIO/doc. 3597/14 rev.1, "Final Report for the Meeting: XXIII Meeting of the Permanent Consultative Committee II: Radiocommunications (PCC.II) "

[6]
R4-144158, "Analysis and simulation results on BS RF filtering for AWS-Extension band", RAN4#72 August 2014
[7]
R4-144614, "Discussion on AWS-Extension band BS duplexer", RAN4#72 August 2014
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
(none)
3.2
Symbols

For the purposes of the present document, the following symbols apply:
(none)
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].

AWS
Advanced Wireless Services

4
Background

In the United States, the FCC has established rules for paired FDD operations of 1755–1780 MHz band with the 2155–2180 MHz band and for the unpaired uplink operation of 1695-1710MHz band in Report and Order (FCC 14-31) for the licensed AWS-3 band.  

The frequency ranges of AWS-3 band are as follows (see Figure 4.1 below):

•
Unpaired Uplink:
 1695-1710MHz

•
Paired:  Uplink: 1755-1780MHz and Downlink :2155-2180MHz
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Figure 4-1: United States AWS Spectrum Blocks Arrangement
The AWS-3 blocks are scheduled to be auctioned November 2014 in the US.  The AWS-3 paired blocks (1755-1780/2150-2180 MHz) have been divided into three 2x5 blocks and one 2x10 block as shown in Table 4-1.  The AWS-3 unpaired uplink block (1695 - 1710 MHz) has been divided into one 10 MHz block and one 5 MHz block as shown in Table 4-1.  The requirements for operation in this band are included in Part 27 of the FCC rules.

Table 4-1.  FCC block definition for AWS-3

	Block designation
	Frequencies (MHz)
	Pairing
	Bandwidth

	G
	1755 - 1760 / 2155 - 2160
	2 x 5 MHz
	10 MHz

	H
	1760 - 1765 / 2160 - 2165
	2 x 5 MHz
	10 MHz

	I
	1765 - 1770 / 2165 - 2170
	2 x 5 MHz
	10 MHz

	J
	1770 - 1780 / 2170 - 2180
	2 x 10 MHz
	20 MHz

	A1
	1695 - 1700
	1 x 5 MHz
	5 MHz

	B1
	1700 - 1710
	1 x 5 MHz
	10 MHz


Additionally, the FCC outlines interoperability mandates and guidelines that should be considered in defining the band plan and they are outlined in [4].”

There are existing government incumbent services within this band.  Most of the Federal government systems currently operating in the range 1755 - 1780 MHz are expected to be relocated and cleared over a 10 year period, but there is a portion that will remain.  The 1695 - 1710 MHz frequency range requires coordination with 27 existing government stations.  The coordination details for both portions of the AWS-3 spectrum are not entirely defined yet and are out-of-scope of this study item.

In Canada, Industry Canada has announced its intention to auction 1755 - 1780 / 2155 - 2180 MHz in April 2015.  Currently, one significant difference is that the unpaired uplink portion of AWS-3 (1695-1710 MHz) is not part of the Canadian auction.  The process and decisions in Canada are not finalized yet.

CITEL has also specified a recommendation regarding the use of the use of the spectrum 1710-1780/2110-2180MHz. CITEL recommends “That CITEL administrations that plan to use the 1710-1780 MHz / 2110-2180 MHz band for broadband mobile services, do so by adding additional contiguous bandwidth as an expansion of the existing bands (1710-1770 MHz / 2110-2170 MHz or 1710-1755 MHz / 2110-2155 MHz in some countries)” in [?]. 

The spectrum 2000-2020/2180-2200MHz is currently allocated to mobile satellite services in the CITEL countries, while some CITEL countries have also allocated this spectrum to mobile terrestrial use.
5
Band plan allocation and regulatory background

5.1.
Deployment scenarios

It was agreed in that as part of the band plan evaluation,


The selected band plan must address various deployment needs of all the stakeholders of AWS bands

In order to fulfil this objective, it is necessary to first identify the various deployment needs of all AWS band stakeholders.  An email was sent to the RAN4 reflector on August 27, 2014 in an attempt to gather input from the various stakeholders.  The responses are summarized in an anonymous manner.

Respondents expressed interest in operating this band in conjunction with other AWS bands, particularly with the possibility of carrier aggregation.  Interest was expressed in scenarios involving intra-band carrier aggregation, both contiguous and non-contiguous between AWS-1, AWS-3 paired, and AWS-4 DL bands, including the ability to span across AWS-1/AWS-3 and AWS-3/AWS-4 boundaries.  Inter-band carrier aggregation was also of interest.  The more immediate need for inter-band CA was identified as the aggregation between Band 2 and AWS-1 and AWS-3 paired.  Future needs include inter-band carrier aggregation with 700 MHz, PCS, and AWS-4 bands.    

6
List of band specific issues for the extension of the AWS Band

Three possible band plans are included in the SID for further analysis:

Alternative 1: 70+70 (1710 - 1780 MHz / 2110 - 2180 MHz)
Alternative 2: 70+90 (1710 - 1780 MHz / 2110 - 2200 MHz, variable duplex spacing)
Alternative 3: 85+90 (1695 - 1780 MHz / 2110 - 2200 MHz, variable duplex spacing)

An additional alternative was also introduced during RAN4#72bis

Alternative 4: 70+90 (1710 - 1780 MHz / 2110 - 2200 MHz, fixed duplex spacing)
•
General issues: implications of the different alternative band plans need to be considered 

•
E-UTRA specific issues

•
UE duplexer analysis

BS Co-existence with base stations operating in adjacent frequency bands

7
General issues

7.1
Co-existence with base stations operating in adjacent frequency bands

It has be shown in [6, 7] that with the frequency separations between the AWS-Extension band and Band 4, 23 or 25 frequencies, it could be feasible for the AWS-Extension band BS TX and RX RF filters to provide the required rejections to protect the BS receiver from own or different BS transmitter for any of the 3 band plan options.

7.2
Alternative 1: 70+70 MHz band plan

This band arrangement would comply with the Basic interoperability requirement included in [4]. It corresponds to a 25MHz extension of the current Band 4 (1710-1755/2110-2155MHz). 

According to [4], the spectrum 1755-1780MHz will be auctioned paired with 2155-2180MHz. Thus, the same duplex spacing as for Band 4 (400MHz). 

Conclusion: This is the minimum spectrum to allocate in the band plan and be compliant with the FCC mandate. It is also the simplest of all the band plans under study, both from standardization and implementation perspectives..
7.3
Alternative 2: 70+90 MHz band plan with variable spacing

This alternative adds 20MHz of DL compared to Alternative 1 and it follows the FCC expectations on AWS-3 licenses to extend interoperability across AWS-1/3/4 (1710-1780/2110-2200MHz), [4].

The width of the DL operating band is larger than the UL operating band; therefore it seems straight forward to consider that variable duplex spacing is needed. When looking into the spectrum allocation more in detailed, it is observed that there are a limited set of possible combinations. 

The spectrum within 1710-1755/2110-2155MHz is paired today and 1755-1780/2155-2180MHz will also be auctioned as paired spectrum. The DL within 2180-2190MHz could potentially be paired together with the DL block 2170-2180MHz (20 MHz DL channel) with  the UL at 1770-1780MHz, see Figure 7.3-1. This would imply a different duplex spacing than 400MHz and it may also include asymmetric UL and DL channel bandwidths
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Figure 7.3-1: Frequency blocks within 1710-1780/2110-2200MHz and possible pairings for alternative 2

The DL within 2180-2200MHz could also be used in a CA manner, see Alternative 4.

Conclusion: This alternative follows the FCC expectation on interoperability across AWS-1/3/4. It  requires special look into the necessary duplex spacing(s),in addition to the fixed spacing of 400MHz. It will require the inclusion of asymmetric UL and DL channel bandwidths in the standards. 

7.4. 
Alternative 3: 85+90 MHz band plan

The UL in this alternative is further extended compared to alternative 2. In this scenario, the UL within 1700-1720MHz could be paired with the DL in 2110-2120MHz. This corresponds to a traffic scenario with a UL/DL ratio larger than one in the entire network. Another pairing alternative could be between carriers within the UL in 1695-1710MHz and the DL 2180-2200MHz, as illustrated in Figure 7.4-1 (this is an example of UL/DL traffic ratio greater than one in the entire network)
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Figure 7.4-1: Frequency blocks within 1710-1780/2110-2200MHz and possible pairings for alternative 3

One can think of using the unpaired UL in CA mode (similarly to the use of DL-only / SDL bands).  However, CA has been specified in 3GPP under the assumptions of (Number of DL CC >=  Number of UL CC)

Conclusion: this alternative would require changes across the different 3GPP specifications and not only RAN4 to enable for the aggregation of more UL than DL CCs. It also requires special look into the necessary duplex spacing(s). In addition to the fixed spacing of 400MHz and potentially the inclusion of asymmetric UL and DL channel bandwidths in the standards.

7.5
Alternative 4: 70+90 MHz band plan with fixed spacing

The band plan in this alternative is as in Alternative 2. However, in this case, only fixed duplex spacing, 400MHz (as per Band 4) is considered. In this scenario, the DL within 2180-2200MHz is only to be used as SCell (secondary cell) and it could be aggregated with another DL carrier either within 2110-2180MHz or other band. 

Conclusion: this alternative follows the FCC expectation on interoperability across AWS-1/3/4. It is equivalent to the specification of a 70+70MHz band plan with additional DL-only spectrum at 2180-2200MHz,

8
Study of E-UTRA specific issues

8.1
UE duplexer analysis
Table 8.1-1 and Table 8.1-2 show the additional IL compared to Band 4 for a 70+70MHz and 70+90MHz and plans. Data is presented for SAW design at ETC. Both vendors indicated an additional 0.5 dB insertion loss for Rx for the 70+70 band plan and around 1 dB additional loss for the 70+90 band plan. 

Table 8.1-1 Additional IL for 70+70 band plan compared to Band 4 duplexer

	70+70
	Tx
	Rx
	Tx Iso
	Rx Iso

	Vendor A
	1 dB
	0.5 dB
	52 dB min
	49 dB min

	Vendor B
	0.5 dB
	0.5 dB
	50 dB min
	50 dB min


Table 8.1-2 Additional IL for 70+90 band plan compared to Band 4 duplexer

	70+90
	Tx
	Rx
	Tx Iso
	Rx Iso

	Vendor A
	1 dB
	1,3 dB
	52 dB min
	48 dB min

	Vendor B
	0.5 dB
	1 dB
	50 dB min
	50 dB min


More duplexer data (at ETC) is presented in Table 8.1-3. Similar difference on RX IL between a 70+70 and 70+90MHz band plan as in Table 8.1-1, Table 8.1-2 is shown. Additionally, the increased on TX IL by the increase of the TX passband from 70MHz to 85MHz  is about 0.6dB. 

Table 8.1-3: Simulated filter data for candidate band plans

	
	TX IR  Max
	RX IR  Max
	TX Isolation  Min
	RX Isolation  Min

	
	Vendor A

	70+70MHz
	2.15 dB
	2 dB
	60 dB
	60 dB

	70+90MHz
	2.2 dB
	2.5 dB
	60 dB
	60 dB

	85+90MHz
	2.75 dB
	2.55 dB
	59 dB
	59 dB

	
	Vendor B

	70+70MHz
	2.2 dB
	2.4 dB
	51 dB
	46 dB

	70+90MHz
	2.3 dB
	2.9 dB
	51 dB
	46 dB

	85+90MHz
	3 dB
	2.8 dB
	50 dB
	44 dB

	
	Vendor C

	70+70MHz
	2.5 dB
	3.1 dB
	51 dB
	52 dB

	70+90MHz
	2.5 dB
	3.5 dB
	49 dB
	50 dB

	85+90MHz
	Not Provided
	Not Provided
	Not Provided
	Not Provided

	
	Average

	70+70MHz
	2.28 dB
	2.5 dB
	54 dB
	52.7 dB

	70+90MHz
	2.33 dB
	2.97 dB
	53.3 dB
	52 dB

	85+90MHz
	2.88 dB
	2.68 dB
	54.5 dB
	51.5 dB


Table 8.1-4 includes duplexer data for the different alternatives in comparison with Band 4. 

Table 8.1-4: Simulated filter data for candidate band plans

	Vendor
	BW Options
	Tx
	Rx
	Tx isolation
	Rx isolation

	
	Tx/Rx
	typ
	wc
	Degrade
	typ
	Wc
	Degrade
	typ
	wc
	Degrade
	typ
	wc
	Degrade

	A
	B4
	1.1
	1.7
	 
	1.7
	2.2
	 
	56
	54
	 
	58
	50
	 

	
	70x70
	2
	2.5
	0.8
	2.7
	3.1
	0.9
	54
	51
	3
	56
	52
	-2

	
	70x90
	 
	2.5
	0.8
	 
	3.5
	1.3
	 
	49
	5
	 
	50
	0

	
	85x90
	 
	3.3
	1.6
	 
	3.5
	1.3
	 
	49
	5
	 
	47
	3

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	B
	B4
	1.4
	1.8
	 
	1.8
	2.2
	 
	60
	55
	 
	59
	50
	 

	
	70x70
	2.3
	2.9
	1.1
	1.9
	2.9
	0.7
	60
	55
	0
	55
	50
	0

	
	70x90
	2.3
	2.9
	1.1
	3
	3.5
	1.3
	60
	55
	0
	55
	50
	0

	
	85x90
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	C
	B4
	1.5
	2
	 
	2.1
	2.5
	 
	58
	55
	 
	50
	47
	 

	
	70x70
	1.8
	2.5
	0.5
	2.3
	2.8
	0.3
	56
	53
	2
	53
	50
	-3

	
	70x90
	1.8
	2.5
	0.5
	2.5
	3.5
	1
	56
	53
	2
	50
	45
	2

	
	85x90
	2.2
	3
	1
	2.5
	3.5
	1
	55
	~50
	5
	50
	45
	2

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	D
	B4
	1.65
	1.8
	 
	1.5
	1.8
	 
	60
	 
	 
	60
	 
	 

	
	70x70
	2
	2.15
	0.35
	1.7
	2
	0.2
	60
	 
	 
	60
	 
	 

	
	70x90
	2
	2.2
	0.4
	2.15
	2.5
	0.7
	60
	 
	 
	60
	 
	 

	
	85x90
	2.25
	2.75
	0.95
	2.2
	2.55
	0.75
	59
	 
	 
	59
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	E
	B4
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	70x70
	1.7
	2.2
	0.375
	1.9
	3
	0.825
	 
	> 55
	0
	 
	> 55
	0

	
	70x90
	1.9
	2.4
	0.575
	2
	3.5
	1.325
	 
	55
	0
	 
	55
	0

	
	85x90
	2
	3
	1.175
	2
	4
	1.825
	 
	55
	0
	 
	55
	0

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Avg
	B4
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	70x70
	 
	 
	0.625
	 
	 
	0.585
	 
	 
	1.25
	 
	 
	-1.25

	
	70x90
	 
	 
	0.675
	 
	 
	1.125
	 
	 
	1.75
	 
	 
	0.5

	
	85x90
	 
	 
	1.18125
	 
	 
	1.21875
	 
	 
	3.333333333
	 
	 
	1.666666667


9
Study of MSR specific issues

Void
10
Channel numbering for E-UTRA, MSR
Void

11
Required changes to E-UTRA and MSR specifications

The required changes to the 3GPP specifications for the new band are summarised in a Table 11-1.

Table 11-1: Overview of 3GPP specifications with required changes

	3GPP specification
	Clause in TR 30.007 where the required changes are given
	Clause in the present document identifying additional changes

	TS 36.101
	8.2.1.1
	

	TS 36.104
	8.2.1.2
	

	TS 36.113
	8.2.1.4
	

	TS 36.124
	8.2.1.5
	

	TS 36.133
	8.2.1.6
	

	TS 36.141
	8.2.1.7
	

	TS 36.307
	8.2.1.9
	

	TS 37.104
	8.2.3.1
	

	TS 37.113
	8.2.2.2
	

	TS 37.141
	8.2.2.3
	


12
Conclusions
Various AWS extension candidate band plan options have been studied in the study item [2,3]:

●
Option #1:  70+70 (1710 - 1780 MHz / 2110 - 2180 MHz, fixed duplex)

●
Option #2:  70+90 (1710 - 1780 MHz / 2110 - 2200 MHz, variable duplex)

●
Option #3:  85+90 (1695 - 1780 MHz / 2110 - 2200 MHz, variable duplex)

●
Option #4:  70+90 (1710 - 1780 MHz / 2110 - 2200 MHz, fixed duplex with downlink intra-band CA across 90 MHz span)

It is concluded that Option 4 is selected.  If during the WI for option 4 it is concluded that interoperability across any part of the band cannot be achieved, then RAN4 agrees to address those interoperability issues.
Annex A:
Change history

	Change history

	Date
	TSG #
	TSG Doc.
	CR
	Rev
	Subject/Comment
	Old
	New

	08-2014
	R4#72
	R4-145131
	
	
	Technical Report skeleton
	
	0.0.1

	11-2014
	R4#73
	R4-147748
	
	
	Updated Technical report
	0.0.1
	0.1.0


	12-2014
	RP-66
	
	
	
	TR Submitted to RAN #66 for 1-step Approval
	0.1.0
	1.0.0

	12-2014
	RP-66
	
	
	
	Report approved at TSG-RAN and placed under change control
	1.0.0
	13.0.0


