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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 purpose of this TR is to study the study the feasibility of specifying two duplex spacings for a new asymmetrical LTE Band (1695-1710 MHz UL & 1995-2020 MHz DL) in order to provide deployment flexibility in protecting primary Federal and non-Federal Meteorological Satellite (MetSat) receiver sites and addressing market license variations.  
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-151626, “New SI: New AWS-3/4 Band Plan”, DISH Network, Hughes Network Systems, Nokia Network, Huawei, Intel, Samsung, Ericsson, 3GPP RAN#69, Phoenix, U. S. A., September 2015
[4]
FCC, DA 13-2409, “AWS-4 waiver Memorandum Opinion and Order”, December 20th, 2013
[5]
FCC, GN Docket No. 13-185, “AWS-3 Report and Order”, March 31st, 2014

[6]
FCC, DA 14-1023, “Coordination procedures in the 1695-1710 MHz and 1755-1780 MHz bands”, July 18th, 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 [x].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

3.3
Abbreviations

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

AWS
Advanced Wireless Service
MetSat 
Federal and non-Federal Meteorological Satellite (space-to-Earth) 
4
Background
4.1
Justification

It is proposed to standardize a new E-UTRA operating band incorporating the newly available mid-band spectrum in the US.  Specifically, the proposed band consists of:

· 1695-1710 MHz (15 MHz) UL
· 1995-2020 MHz (25 MHz) DL
The proposed band achieves the following key objectives:

· Pairing standalone uplink (1695-1710 MHz) and downlink (2000-2020 MHz) spectrum blocks made available through recent FCC auction and rule changes
· Maximizing the downlink utility by incorporating the adjacent H block downlink (1995-2000 MHz)
Figure 4.1-1 depicts the arrangement of the proposed band plan.  
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Figure 4.1-1:  Proposed band plan arrangement

4.2
Objectives 

The core objectives of this SI are:

· Analyze the feasibility of specifying two duplex spacings in the band (1695-1710 MHz UL & 1995-2020 MHz DL) in order to provide deployment flexibility in protecting federal satellite receiver sites and addressing market license variations.  
· Identify duplex spacings depending on the outcome of the analysis
5
Band plan
5.1
Background

In the United States, two recently completed auctions made additional 75 MHz of mid-band spectrum available for wireless broadband.  In early 2014, the FCC successfully auctioned off the PCS H block consisting of 1915-1920 MHz UL and 1995-2020 MHz DL.  In 2015, the successful completion of Auction #97 freed up the following:

· 1695-1710 MHz UL (unpaired AWS-3); 15 MHz of unpaired spectrum

· 1755-1780 MHz UL & 2155-2180 MHz DL (paired AWS-3); 50 MHz of paired spectrum

It is noted that the paired AWS-3 spectrum is currently being standardized in the on-going Band 66 WI [1].  Additionally, the FCC has granted the AWS-4 licensee the flexibility to convert the 2000-2020 MHz block to downlink [2].   The flexibility provides a better harmonization with the neighboring spectrum blocks (Band 2/25 and H block) and thereby allows for more efficient use of the 2000-2020 MHz band by eliminating the co-existence issues relating to its legacy uplink designation.

It is proposed to standardize a new E-UTRA operating band incorporating the newly available mid-band spectrum mentioned above. The proposed band achieves the following key objectives:
· Pairing standalone uplink (1695-1710 MHz) and downlink (2000-2020 MHz) spectrum blocks made available through recent FCC auction and rule changes
· Maximizing the downlink utility by incorporating the adjacent H block downlink (1995-2000 MHz)
Figure 5.1-1 below depicts the arrangement of the proposed band plan.  It is noted that the AWS-3 unpaired uplink spectrum was auctioned off in two separate blocks; A1 (1695-1700 MHz) and B1 (1700-1710 MHz).
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Figure 5.1-1:  Proposed 15+25 MHz band plan

The proposed band plan is an asymmetric band plan which consists of both paired and unpaired blocks: 

· 1695-1710 MHz UL & 1995-2010 MHz DL paired blocks
· 2010-2020 MHz unpaired DL block
Figure 5.1-2 below depicts the arrangement of the proposed band plan AWS-3/4 [BXX] relative to the adjacent spectrum.  
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Figure 5.1-2:  AWS-3/4 [BXX]

5.1.1
Protection of Federal Satellite Receiver sites

In the US, AWS-3 unpaired uplink licensees are required protect legacy government satellite receiver locations which operate in both co-channel and adjacent channel to the 1695-1710 MHz band.  These locations are grouped into 27 protection zones and commercial licensees are required to coordinate with the government in order to operate commercial services within these zones [3].  There are no coordination requirements for commercial licensees to operate outside the protection zones.  These protection zones impact over 10% of the overall US population; however, the population impact will be much bigger if the licenses choose to operate the uplink at higher power than 20 dBm EIRP [4].  

Protection of these federal satellite locations will be coordinated based on a certain receiver protection criteria for the satellite receivers within the protection zones.  14 zones out of the 27 zones have satellite receiver frequencies tuned to 1695 MHz and below [4].  
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Figure 5.1.1-1 Federal government operations in and around 1695-1710 MHz band 
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Figure 5.1.1-2:  1695-1710 MHz protection zones in the continental US [5]
Whether operating outside protection zones or, after successful coordination, within protection zones, commercial licensees will be under an obligation not to cause harmful interference to the co-channel and adjacent channel federal sites.
6
Deployment scenarios 
6.1


Background
The purpose of this section is to consider the AWS-3/4 band plan and look at the required deployment scenarios to address the different licensees for the AWS-3 spectrum and protection of Federal satellite receiver sites. The proposed band plan is an asymmetric band plan which consists of both paired and unpaired blocks:
· 1695-1710 MHz UL & 1995-2010 MHz DL paired blocks
· 2010-2020 MHz unpaired DL block
All potential deployment scenarios described in this section are consistent to the above asymmetric band plan configuration.  

Table 6.1-1 depicts the current US spectrum licensing situation of the spectrum blocks included in the band.  While a single licensee has access to both the PCS H and AWS-4 blocks, multiple entities hold licenses to AWS-3; this means the amount of accessible uplink spectrum varies from market to market depending on who the AWS-3 licensee is and this variability in licensing results in a few relevant deployment scenarios.  

Table 6.1-1: AWS-3 uplink, PCS H block and AWS-4 licensing in the US
	Spectrum
	Licensee(s)

	AWS-3
	A1
	Multiple licensees

	
	B1
	Multiple licensees

	PCS H
	Single “nationwide” licensee

	AWS-4
	Single “nationwide” licensee


All these deployment scenarios have one common goal which is to allow the AWS-3 UL blocks (A1, B1) full access to the 25 MHz downlink spectrum via intra-band carrier aggregation as shown below. 
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6.1.1
Scenario 1: Access to 15 MHz of Uplink

This scenario applies to markets in where the entire 15 MHz of uplink is accessible.  In this scenario, 1695-1710 MHz uplink can be paired with 1995-2010 MHz downlink, yielding a duplex spacing of 300 MHz  The remaining downlink spectrum at 2010-2020 MHz can be configured as a SCell and access to the full 25 MHz downlink spectrum is possible via 2DL/1UL intra-band contiguous CA (15+10 MHz).
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Figure 6.1.1-1:  Scenario 1: Pairing configuration with access to 15 MHz uplink (300MHz duplex)

6.1.2
Scenario 2:  Access to 10 MHz of Uplink

This scenario applies to markets in where only 10 MHz of uplink (i.e. B1 block) is accessible (i.e. licensed) or within protection zones where the legacy government satellite receivers need to be protected from harmful uplink interference.  14 zones out of the 27 zones have satellite receiver frequencies tuned to 1695 MHz and below [1] impacting 17 EA markets.  

At these 14 zones, use of 1695-1700 MHz may be restricted as a coordination mitigation mechanism to reduce potential impact to the government satellite receivers.  In such cases, the actual accessible uplink will be limited to 10 MHz even if a single licensee has access to both A1 and B1 blocks.

6.1.2.1

Scenario 2A:  Access to 10 MHz of Uplink (300MHz duplex spacing)

When keeping the same duplexing spacing of 300 MHz as Scenario 1, this case will yield two SCell DL blocks, requiring 3 DL intra-band CA to access the full 25 MHz downlink (5+10+10 MHz); this option is depicted in Figure 6.1.2.1-1.  It is noted that the current specifications do not support 3DL contiguous CA whose aggregate bandwidth is less than 40 MHz 
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Figure 6.1.2.1-1: Scenario 2A: Pairing configuration with access to 10 MHz uplink (300MHz duplex)

6.1.2.2

Scenario 2B:  Access to 10 MHz of Uplink (295MHz duplex spacing)

One other option is to specify a second duplex spacing which will allow full access to the 25 MHz downlink via 2 DL CA.  Figure 6.1.2.2-1 depicts the pairing configuration with a second duplexing spacing of 295 MHz.  In this configuration, 1700-1710 MHz will be paired with 1995-2005 MHz and a single DL SCell block at 2005-2020 MHz; access to the full 25 MHz of downlink spectrum is possible via 2DL/1UL intra-band contiguous CA (10+15 MHz).
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Figure 6.1.2.2-1: Scenario 2B: Pairing configuration with access to 10 MHz uplink (295MHz Duplex)

6.1.3
Scenario 3: Access to 5 MHz of Uplink
This scenario applies to markets in where only 5 MHz of uplink (i.e. A1 block) is accessible.  In this scenario, 1695-1700 MHz uplink can be paired with 1995-2000 MHz downlink, yielding the same duplex spacing of 300 MHz as Scenario 1.  The remaining downlink spectrum at 2000-2020 MHz can be configured as a SCell and access to the full 25 MHz downlink spectrum is possible via 2DL/1UL intra-band contiguous CA (5+20 MHz).
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Figure 6.1.3-1: Scenario 3: Pairing configuration with access to 5 MHz uplink (300MHz duplex)

7
Duplex spacings 

8
Conclusions
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