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Introduction
A new study item was approved at RAN#64 [1] to evaluate options for defining a new frequency band which extends the Advanced Wireless Service spectrum based on anticipated auctions of AWS-3 spectrum blocks. This paper compares the options presented in [1] based on regulatory aspects and specification impact.
Discussion

The following options were presented in [1] for AWS expansion.
1. 70+70 (1710 - 1780 MHz / 2110 - 2180 MHz, fixed duplex)

2. 70+90 (1710 - 1780 MHz / 2110 - 2200 MHz, variable duplex)

3. 85+90 (1695 - 1780 MHz / 2110 - 2200 MHz, variable duplex)

Other options are not precluded.

Figure 1: United States AWS-3 Band Plan
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1. Regulatory Analysis

A. AWS-3 in Americas Region
Many countries in the Americas have licensed the AWS-1 spectrum and some have identified the bands 1755-1770 MHz and 2155-2170 MHz for mobile broadband communications. However, no countries other than the United States have initiated licensing processes for these bands, actually extending them to cover 1755-1780MHz and 2155-2180MHz (AWS-3). In March 2014, the Inter-American Telecommunications Commission’s Permanent Consultative Committee 2 (CITEL PCC.II) approved Recommendation PCC.II/REC.43 (XXIII-14) on the use of both AWS-1 and AWS-3 bands for mobile broadband services in the Americas. In addition, Canada has also started a consultation process to license AWS-3.
USA

On March 31st, 2014, FCC adopted rules governing use of spectrum in the 1695-1710 MHz, 1755-1780MHz, and 2155-2180 MHz bands that will make available 65MHz of commercial spectrum for Advanced Wireless Services (AWS) (referred to as AWS-3). On July 23rd 2014, the FCC released a Public Notice for the AWS-3 auction, which is scheduled for November 13, 2014.  AWS-3 licenses will be assigned by competitive bidding, offering 5 MHz and 10 MHz blocks. The FCC will license the AWS-3 spectrum in two sub-bands: the paired 2155-2180 MHz and 1755-1780 MHz band and the 1695-1710 MHz band.
1. The 1695-1710 MHz band will be licensed for low-power mobile transmit (i.e., uplink) operations on a shared basis with incumbent Federal meteorological-satellite (MetSat) data users. The band will be licensed in an unpaired configuration. However, the FCC noted that no regulation would prohibit licensees from pairing the band with another downlink band. 
2. The 1755-1780 MHz band will be licensed paired with the 2155-2180 MHz band, with the 1755-1780 MHz band authorized for low-power mobile transmit (i.e., uplink) operations and the 2155-2180 MHz band authorized for base station and fixed (i.e., downlink) operations. The 1755-1780 MHz band is being made available on a shared basis with a limited number of Federal incumbents indefinitely, while many of the Federal systems will, over time, relocate out of the band.
Figure 2 shows the band plan for the 1695-1710 MHz band.  Figure 3 shows the band plans for the 1755-1780 MHz and 2155-2180 MHz bands and Figure 4 shows the US AWS-1 and AWS-3 band plans. 

Figure 2:  USA 1695-1710 MHz Band Plan
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Figure 3:  USA 1755-1780 and 2155-2180 MHz Band Plans
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Figure 4:  USA AWS-1 and AWS-3 Band Plans
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Canada
On July 7th, 2014 the Canadian government announced their plans for auctioning 2x25MHz of AWS-3 spectrum beginning 2015 in the bands 1755-1780 MHz and 2155-2180 MHz early 2015. On July 28th, 2014 the Canadian regulator, Industry Canada, released a consultation on a technical, policy and licensing framework for AWS in the bands 1755-1780 MHz and 2155-2180 MHz. 

Industry Canada proposes to use the same band plan (uplink at 1755-1780 MHz and downlink at 2155-2180 MHz) as currently used in the US. Harmonizing the Canadian and U.S. band plans would support a wide selection of low-cost equipment due to the size of the U.S. market, facilitate cross-border roaming as a result of interoperable equipment, and simplify cross-border frequency coordination due to harmonized frequency arrangements.

However, Industry Canada is proposing that the three 5 MHz blocks, (G, H and I) be combined as one 15 + 15 MHz block, in addition to the 10 + 10 MHz block J, as shown in Figure 5. 

Figure 5: Proposed Canadian AWS-3 Band Plan
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B.
FCC’s Interoperability Requirement

· The FCC rules require AWS-3 mobile and portable stations that operate on any frequencies in the 1755-1780 MHz band (paired with the 2155-2180 MHz band) to be capable of operating on all frequencies in the 1710-1780 MHz band (paired with the 2110-2180 MHz band) using all air interfaces.
· The FCC declines to extend an interoperability requirement to the 1695-1710 MHz band or the AWS-4 downlink band (2180-2200MHz). However, the FCC encourages interested parties to work towards voluntary, standards-based solutions to facilitate interoperability across all of the AWS-1/3/4 bands. 

· In the absence of technical impediments to interoperability, if the FCC determines that progress on interoperability has stalled in the standards process, future AWS-3 licensees are on notice that the FCC will consider initiating a rulemaking regarding the extension of an interoperability mandate that includes AWS-4 (2180-2200 MHz) at that time. 

 C. 
FCC’s Technical Rules

              1. OOBE Limits

                a. Interference Protection between Adjacent Block AWS-3 Licensees

· The FCC adopts an attenuation factor of 43+10log10(P) dB (i.e. -13dBm) for emissions outside of AWS-3 licensees’ frequency blocks into other AWS-3 frequency blocks. 
                b. Interference Protection to Services in Other Bands — Uplink Stations Operating in 1695-1710 MHz and 1755-1780 MHz

                 (i) Interference protection to operations below 1695 MHz

· Meteorological operations: The 1695-1710 MHz AWS-3 uplink band is adjacent to satellite downlink spectrum at 1675-1695 MHz, which is allocated for Federal and non-Federal satellite use. The rules for the AWS-1 uplink band at 1710-1755 MHz include an OOBE attenuation factor 43+10log10(P) dB in order to protect satellite downlink spectrum currently below 1710 MHz. The FCC finds this combination has worked satisfactorily for the AWS- 1 service and will serve equally well for AWS-3. 
· Global Positioning System Operations: The FCC finds no evidence that operations in the AWS-1 band have resulted in harmful interference to GPS. The FCC therefore finds extremely unlikely the possibility of harmful interference to GPS. 
· The FCC adopts for the 1695-1710 MHz band an OOBE attenuation factor of 43+10log10(P) dB below 1695 MHz. 

       (ii) Interference protection to operations above 1710 MHz

· The 1695-1710 MHz AWS-3 uplink band is adjacent to AWS-1 uplink spectrum at 1710-1755 MHz. The FCC anticipates the services used in these bands will be similar and adopts the same attenuation factor for this AWS-3 band as applied to the adjacent AWS-1 band, 43 + 10 log10 (P) dB. 

      (iii) Interference protection to operations below 1755 MHz

· The 1755-1780 MHz AWS-3 uplink band is adjacent to AWS-1 uplink spectrum at 1710 -1755 MHz, and similar use is anticipated. The FCC therefore adopts the same OOBE attenuation factor for this AWS-3 uplink band as applies to the adjacent AWS uplink band, 43+10log10(P) dB. 

       (iv) Interference protection to operations above 1780 MHz

· The 1755-1780 MHz AWS-3 uplink band is adjacent to Federal operations at 1780-1850 MHz. The FCC adopts for this band an OOBE attenuation factor of 43+10log10(P) dB above 1780 MHz. 

                c. Interference Protection to Services in Other Bands — Base Stations Operating in 2155-2180 MHz

· The 2155-2180 MHz AWS-3 downlink band lies between AWS-1 downlink spectrum at 2110-2155 MHz and AWS-4/MSS downlink spectrum at 2180-2200 MHz. The FCC anticipates operations in the adjacent downlink bands will be similar and adopts, for this band, an OOBE attenuation factor of 43+10log10(P) dB both below 2155 MHz and above 2180 MHz. 

                d. Measurement of OOBE

For AWS-1, AWS-4 and PCS, the measurement bandwidth used to determine compliance with this limit for fixed, mobile, and base stations is generally 1 MHz, with some modification within the first MHz immediately outside and adjacent to the licensee’s frequency block. The FCC therefore adopts the same requirement for AWS-3 emission limits as per FCC Part 27.53(h)(3) which specifies the measurement procedure required to determine compliance with the OOBE standard. Compliance with this provision is based on the use of measurement instrumentation employing a resolution bandwidth of 1 MHz or greater. However, in the 1 MHz bands immediately outside and adjacent to the licensee’s frequency block, a resolution bandwidth of at least one percent of the emission bandwidth of the fundamental emission of the transmitter may be employed. 
2. Standardization Issues

This section lists changes to the 36 series of standards which are required to add the new frequency band. Corresponding changes are expected for the 37 series of standards.
2.1 UE-specific issues

2.2.1 UE specification impact TS 36.101

Regardless of the decision on operating bands, it is expected that the introduction of the new frequency band will require typical changes to TS 36.101.
· Add the new operating band to Table 5.5-1, E-UTRA operating bands

· Add the new operating band  and applicable channel bandwidths into Table 5.6.1-1, E-UTRA channel bandwidth

· Add the new operating band channel numbers to Table 5.7.3-1, E-UTRA Channel numbers

· Add the UL-DL frequency separation for the new operating band to Table 5.7.4-1, Default UE TX-RX frequency separation

· Define the power class and add the new operating band to Table 6.2.2-1, UE power Class and associate delta TC to is as relative bandwidth is larger than 1.75%.

· Associate new band to NS_03 in Table, 6.2.4-1, Additional maximum Power reduction (A-MPR)

· Add UE to UE co-existence requirement  for the new operating band to Table 6.6.3.2-1, Requirements

· Define the REFSENS and add the new band into Table 7.3.1-1, Reference sensitivity QPSK PREFSENS, Table 7.3.1-2 Uplink configuration for reference sensitivity and Table 7.3.1-3 Network signalling value for reference sensitivity
· Add new band into in-band blocking Table 7.6.1.1-2 In-band blocking

· Add new band into out-of-band blocking Table 7.6.2.1-2 Out of band blocking

2.2.2 Band arrangement consideration

Three different band arrangements were listen in 2.1 and re-capped below

1. 70+70 (1710 - 1780 MHz / 2110 - 2180 MHz, fixed duplex)

2. 70+90 (1710 - 1780 MHz / 2110 - 2200 MHz, variable duplex)

3. 85+90 (1695 - 1780 MHz / 2110 - 2200 MHz, variable duplex)

A brief study was performed on numerology associated to these options, see Table 2.2.2-1. It can be seen that relative pass band bandwidth for duplex-filer varies from 3.26% - 4.89 % depending on band plan option and centre frequency of the UL/DL band. It can be noted that relative bandwidth of option 3 uplink is 4.89% which is larger than band 3 relative bandwidth which is 4.29%. Band 3 is widest band so far in this context which is implemented with single filter. Band 28 relative bandwidth is 6.2 % but it is implemented with dual-duplexer. So it is not clear how big impact relative bandwidth of 4.9% has for insertion loss but band 3 had 3 dB higher reference sensitivity than band 1 or band 4. On the other hand duplex gap for the new band is very large compared to band 3 thus there is no impact from own dl protection to IL. Also options 1 and 2 have large relative bandwidth that is 4 % which doable as a single filter. Duplex-gap would be 330 MHz that is 17% which is very large and does not create any problems for filter design. 

Table 2.2.2-1 Possible band options
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1710 - 1780 70 4,01 % 2110 - 2180 70 3,26 % 330 400 16,97 %

Option 2

1710 - 1780 70 4,01 % 2110 - 2200 90 4,18 % 330 variable 16,97 %

Option 3

1695 - 1780 85 4,89 % 2110 - 2200 90 4,18 % 330 variable 16,97 %
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Next we take a look how the new band options look in frequency domain when comparing to existing bands, see Figure 2.2.2-1 below. It can be noted that Options 1 and 2 uplinks are close to band 3 UL, difference being that band 3 UL extends 5 MHz higher.  Option 1 DL is close to band 1 DL and the difference is that option 1 DL extends 10 higher than band 1 DL. Option 2 and 3 downlink would be same as the downlink in one of the options for band 1 extension that is the 90+90 option.
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Figure 2.2.2-1
2.2 BS-specific issues
Regardless of the decision on operating bands, it is expected that the introduction of the new frequency band will require typical changes to TS 36.104 and TS 36.14.1. Changes in TS 36.104 include the following items.
· Add an entry for the new operating band to Table 5.5-1, E-UTRA operating bands.

· Add the new operating band with new channel numbers to Table 5.7.3-1, E-UTRA channel numbers.
· Add the new operating band number to the list of bands  subject to requirements in Tables 6.6.3.1-4, 6.6.3.1-5 and 6.6.3.1-6 (Wide Area Category-A BS requirements for unwanted operating-band emissions limits for E-UTRA bands between 1 and 3 GHz).

· Add the new operating band number to the list of bands subject to the requirements in Table 6.6.3.3-2, Additional operating band unwanted emission limits for E-UTRA bands>1GHz
· Add updates for BS spurious emissions limits to Table 6.6.4.3-1, BS Spurious emissions limits for E-UTRA BS for co-existence with systems operating in other frequency bands.

· Add updates for BS spurious emissions limits to Table 6.6.4.3.1-1x, Home BS Spurious emissions limits for co-existence with Home BS operating in other frequency bands.

· Add co-location requirements to Table 6.6.4.4.1-1, BS Spurious emissions limits for Wide Area BS co-located with another BS, Table 6.6.4.4.1-2, BS Spurious emissions limits for Local Area BS co-located with another BS and Table 6.6.4.5.5-3, BS Spurious emissions limits for Medium range BS co-located with another BS.
· Add the new operating band to the appropriate list in Table 7.6.1.1-1, Blocking performance requirement for Wide Area BS, Table 7.6.1.1-1a, Blocking performance requirement for Local Area BS, Table 7.6.1.1-1b: Blocking performance requirement for Home BS and Table 7.6.1.1-1c: Blocking performance requirement for Medium Range BS.

· Add an entry for blocking performance in Table 7.6.2.1-1: Blocking performance requirement for E-UTRA Wide Area BS when co-located with BS in other frequency bands, Table 7.6.2.1-2: Blocking performance requirement for Local Area BS when co-located with BS in other frequency bands and Table 7.6.2.1-3: Blocking performance requirement for E-UTRA Medium Range BS when co-located with BS in other frequency bands.

Common changes for TS 36.141 include the following items.

· Add an entry for the new operating band to Table 5.5-1, E-UTRA operating bands.

· Add the new operating band with new channel numbers to Table 5.7.3-1, E-UTRA channel numbers.
· Add the new operating band number to the list of bands  subject to requirements in Tables 6.6.3.5.1-4, 6.6.3.5.1-5 and 6.6.3.5.1-6 (Wide Area Category-A BS requirements for unwanted operating-band emissions limits for E-UTRA bands between 1 and 3 GHz).
· Add the new operating band number to the list of bands subject to the requirements in Table 6.6.3.5.3-2, Additional operating band unwanted emission limits for E-UTRA bands > 1 GHz.

· Add updates for BS spurious emissions limits to Table 6.6.4.5.4-1, BS Spurious emissions limits for E-UTRA BS for co-existence with systems operating in other frequency bands.
· Add updates for BS spurious emissions limits to Table 6.6.4.5.4-1x, Home BS Spurious emissions limits for co-existence with Home BS operating in other frequency bands.

· Add co-location requirements to Table 6.6.4.5.5-1, BS Spurious emissions limits for Wide Area BS co-located with another BS, Table 6.6.4.5.5-2, BS Spurious emissions limits for Local Area BS co-located with another BS and Table 6.6.4.5.5-3, BS Spurious emissions limits for Medium range BS co-located with another BS.
· Add the new operating band to the appropriate list in Table 7.6-1, Blocking performance requirement for Wide Area BS, Table 7.6-1a, Blocking performance requirement for Local Area BS, Table 7.6-1b: Blocking performance requirement for Home BS and Table 7.6-1c: Blocking performance requirement for Medium Range BS.
· Add an entry for blocking performance in Table 7.6-3: Blocking performance requirement for E-UTRA Wide Area BS when co-located with BS in other frequency bands, Table 7.6-4: Blocking performance requirement for Local Area BS when co-located with BS in other frequency bands and Table 7.6-5: Blocking performance requirement for E-UTRA Medium Range BS when co-located with BS in other frequency bands.

2.3 Issues common to UE and BS
The changes in support of Option 1 can follow examples established in the band addition work for previous new operating band Work Items. Additional work is required for Option 2 and Option 3, as these options propose asymmetric band plans, i.e., the UL frequency band allocation is different than the DL frequency band allocation. As of RAN4#72, none of the UE or BS core standards specifies asymmetric allocations, other than the cases of bands 29 and 32 which specify downlink-only bands. 
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Figure 2  Option 2 duplex possibilities

Figure 2 depicts two possibilities for specifying the duplex between DL and UL. In 2(a), 400 MHz is a default duplex offset, but the duplex between the uplink and downlink at the upper end of the channel is variable depending on the channel bandwidths to be paired. In 2(b), 400 MHz is also the default duplex offset, but the upper 20 MHz of the DL is not paired with an uplink and would be available for use in a carrier aggregation scenario as a supplemental DL carrier. Similar scenarios are already defined involving DL-only bands 29 and 32. 

Option 2(a) provides a scenario in which all DL frequencies are paired with UL frequencies. However, it is not clear that the upper 20 MHz of the DL would ever be paired with a UL in this configuration. Option 2(b) is therefore offered as an alternative, which may illustrate a case of multiple DL intra-band carrier aggregation. 
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Figure 3  Option 3
Comments for Options 2(a) and 2(b) also apply to Option 3. However, Option 3 has an additional complication due to the presence of the lower 15 MHz between 1695 and 1710 MHz. It is not clear how this frequency segment would be paired with a downlink. This option suggests an UL carrier aggregation (without DL CA) scenario. However, such scenarios are not supported by existing 3GPP standards and would therefore require additional work in other groups causing extra delay for band finalization.
Testing Issues

Many of the receiver tests require the transmitter to be enabled (i.e., transmitting). It is assumed in the conformance specification that the transmitter carrier frequency is set to the duplex pair of the receiver frequency for those tests. However, there is no obvious duplex offset for asymmetric channel allocations. Options 2 and 3 therefore require consideration of new issues regarding transmitter configuration during receiver testing. For example, Option 2(a) would require the upper end of the UL band to be tested twice, i.e., with the transmitter set to 400 MHz and 400 + 20 MHz. For Option 2(b), it is not clear that frequencies in the upper 20 MHz would be activated during receiver testing as there are no paired receiver frequencies.
Option 3 has the same issues as Options 2(a) and 2(b), but introduces an additional complication for the 1695-1710 MHz block. With no obvious uplink pairing, it is not clear how to proceed with selecting transmitter frequencies which would be enabled during receiver testing for this frequency block.
Summary

Of the three major options, Option 1 is clearly presents the fewest challenges for standardization. Of the remaining options, Option 2(b) (fixed duplex + extra 20 MHz DL) is the most straightforward specification of an asymmetric band plan. It is recognized that securing additional spectrum in the best interests of the industry, and that the fragmentation of the frequency band in question is a reality which must be dealt with in an efficient and expedient manner. However, standardization of an asymmetric band may cause problems in the future should additional adjacent frequencies become available for use by the industry.  Symmetric bands with fixed duplex offsets are generally preferred as they present the fewest issues in standardization and simplify future work by avoiding asymmetries which complicate exploitation of new spectrum when it is made available.
Conclusions

Based on the above considerations, it appears that Option 1 presents the fewest standardization challenges of the list considered. Option 2 allows use of an additional 20 MHz of DL BW, but consensus is needed on pairing for the upper 20 MHz. Option 3 would need further consideration as it is unclear how unpaired uplink spectrum would be deployed. 
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