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1. Introduction

Band 13 is currently defined in TS36.101 to support both 5 MHz and 10 MHz channel bandwidths.  However, as noted in [1], the NS_07 additional spurious emissions and A-MPR are only defined for the 10 MHz channel bandwidth.  While it is possible today to deploy a 5 MHz channel in Band 13, the UE would not be able to meet a stringent spurious emission limit of -57 dBm/6.25 kHz.  In the United States, a single operator holds a nationwide license for Band 13 and only deploys a 10 MHz channel.  However, there are plans to auction 700 MHz spectrum in Canada for LTE in the first half of 2013, and the Canadian band plan subdivides Band 13 into two 5 MHz paired blocks, designated as C1 or C2.  This band plan allows  Canadian operators to win 5 MHz of paired spectrum in Band 13.  The technical challenge is to enable the usage of 5 MHz in Band 13, without disrupting the already existing device development and support for 10 MHz in Band 13, and to enable the largest possible ecosystem and rapid availability of devices for the Canadian operators.
2. Discussion

Upper 700 MHz band plan for Canada

Industry Canada has adopted a band plan harmonized to the US band plan for 700 MHz.  This includes block definition and allocation for LTE according to 3GPP defined bands 12, 13, 14, and 17, as well as allocations for broadband and narrowband public safety services [2].  However, a couple of key differences are noted.  First, the 700 MHz upper C block is sub-divided into two 5 MHz paired blocks designated as C1 and C2, and auctioned independently.  Block C1 is 777 - 782 MHz uplink paired with 746 - 751 MHz downlink, whereas block C2 is 782 - 787 MHz uplink and 751 - 756 MHz downlink.  In the US, the entirety of block C, which consists of 11 MHz of paired spectrum, (746-757/776-787) was auctioned as a single block, and one operator won a nationwide license for the block.  The US Block C operator has deployed 10 MHz LTE nationwide.  The other difference between the US and Canadian band plans for the Upper 700 MHz band is that the public safety narrowband downlink allocation in Canada extends to 776 MHz as shown in Figure 1, as opposed to 775 MHz in the US.  In the US, 775-776 MHz is part of the Upper 700 MHz Block B guardband designed to provide protection to public safety narrowband operations from the Upper C block, which begins at 776 MHz.  In Canada, 775-776 MHz is not guardband and is part of the spectrum on which public safety narrowband operations are permitted.  Accordingly, in Canada, public safety narrowband operations are authorized from 768-776 MHz. whereas the public safety narrowband allocation in the US is 768-775 MHz.
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Figure 1.  Canadian band plan for the Upper 700 MHz band (figure B3 of [2]).
Protection of PSNB

In the US, the FCC mandates protection of narrowband public safety to a level of -35 dBm/6.25 kHz.  This value is reflected in the UE spurious emission requirements in Table 6.6.3.2-1 of TS36.101.  The required frequency range to protect is 769 - 775 MHz and 799 - 805 MHz.  Above and beyond this requirement, 3GPP defined a network signaling value NS_07 which could optionally be signaled by the network to impose a more stringent emission limit of -57 dBm/6.25 kHz over the same frequency range.  When NS_07 is signaled, the UE is allowed an A-MPR in accordance with Table 6.2.4-2 of TS36.101.  We observe

1. The frequency range to protect in TS36.101 does not cover the entire range allocated for PSNB in Canada, falling short by 1 MHz at the upper end.

2. The optional NS_07 condition is only defined for 10 MHz channels.

Both of these conditions require remedy.  Furthermore, the first condition requires remedy even for the 10 MHz channel if protection is to be offered up to 776 MHz.
Studies required

We assume that it is necessary to protect PSNB up to 776 MHz to a level of -35 dBm/6.25 kHz.  Since the stricter  NS_07 requirement of -57 dBm/6.25 kHz is not a regulatory requirement, it remains to be determined whether it should be applied in Canada.  The following studies are required.

1. Compliance with -35 dBm/6.25 kHz.  It is currently required for the UE to limit its emissions to -35 dBm at 775 MHz without an allowance for A-MPR.  However, it must now be determined whether the limit can be met 1 MHz closer at 776 MHz without A-MPR for both 5 and 10 MHz waveforms.  Note that the 5 MHz waveform has a smaller internal guard band than the 10 MHz waveform.
2. 10 MHz compliance with NS_07.  The A-MPR tables for NS_07 were defined to protect the range up to 775 MHz allowing for a 2 MHz guard band.  The tables must be revisited and will likely require redefinition to protect up to 776 MHz allowing only a 1 MHz guard.

3. 5 MHz compliance with NS_07.  The A-MPR tables for NS_07 do not accommodate 5 MHz waveforms.  Therefore, studies must be provided to create the A-MPR table for 5 MHz with protection up to 776 MHz, especially for the 5 MHz channel occupying block C1.  The 5 MHz channel occupying block C2 may still require consideration due to CIM5.
Note that in the case that NS_07 is not required for 5 MHz, then only the first two studies are needed.  Furthermore, if it can be also determined that PSNB protection will only be required up to 775 MHz, then no studies at all are required and existing Band 13 devices today are fully capable of supporting the Canadian band.
Impact to Legacy Band 13

The simplest case to enable (almost) zero impact to existing Band 13 devices to be able to support the Canadian band plan today is to require protection of PSNB up to 775 MHz at a level of -35 dBm/6.25 kHz.  In this way, the Canadian operators can benefit from the large ecosystem available today and devices can roam freely between the US and Canada.  The US operator also benefits from an enlarged ecosystem and roaming opportunities.  If these conditions cannot be met, then new development will be required.

In that case, it seems clear that the impact to legacy Band 13 device development may be significant.  Band 13 is the largest commercial deployment for LTE.  Devices supporting LTE Rel-8 and Rel-9 are already fielded with Rel-10 devices already well in development.  Rel-11 is soon to be closed, and indeed, a carrier aggregation work item involving Band 13 is due to be completed in September 2012.  Furthermore, the auctions for 700 MHz in Canada are not anticipated to be conducted until 2013.  Therefore, it seems reasonable that any necessary changes to the specification to support the changes as described above can only be included into Rel-11 or Rel-12 specifications at the earliest.  This would require network to be able to distinguish Rel-11 devices from devices conforming to an older version of the specification to decide which devices to allow onto the network.  This information is readily available to the network through the UE capabilities.
In [1], it was suggested that the requirement can be phased into earlier releases as optional.  However, similar to the situation described above, such a solution would require that the network be able to distinguish devices without the benefit of differentiation by release version.  One method to distinguish might be to define a new UE capability not tied to the release version; however, the new capability could only be defined in Rel-11 ASN.1 for which a UE conforming to a prior release cannot signal.  Therefore, tying any new requirement to a future release is most robust.  Of course, another alternative is to simply define a new band and perhaps take advantage of multiple frequency band indicators, but this too would require new development.

3. Conclusion
The 700 MHz bands, harmonized with the US 700 MHz band plan, will soon be auctioned in Canada for LTE deployment.  One of the primary motivations by Industry Canada for harmonization of band plan with the US is to be able to leverage the existing 3GPP specifications and more importantly, the existing availability of devices and the large ecosystem offered.  However, we observe that there are two facets of the Canadian band plan which may diminish the success of this endeavor.  The first is that the PSNB allocation in Canada extends 1 MHz beyond that in the US.  This  implies that the existing specifications and existing devices in the US will not be compatible with Canadian requirements.  The second is that the NS_07 optional requirement for more stringent protection of PSNB only applies to 10 MHz channels.  To enable the same for 5 MHz channels would require significant work not only in standards, but would affect existing device design and development.  The most straightforward approach to achieving the objective of alignment with the US 700 MHz ecosystem is to change the PSNB protection frequency range by 1 MHz and to only require a protection limit of -35 dBm/6.25 kHz.  This approach would enable Canada to take advantage of the US ecosystem and use devices available on the market today.  
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