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Introduction
The need to enable US 3.45 – 3.55 GHz in 3GPP was identified in [1] with a proposal to use Band n77.  The necessary modifications to the 3GPP specifications were described.  During the course of this discussion a concern was raised [2] regarding the need of the network to distinguish devices supporting this spectrum from those that do not within the same release.  This contribution provides a viewpoint on the impact of not being able to distinguish these two types of devices.
Discussion
Overview of US 3.5 GHz bands in 3GPP
It is generally expected that a UE supporting a 3GPP band complies with the requirements of the band over the band’s entire frequency range.  Thus, it is expected that a UE suppporting Band n77 is capable of operating over the entire defined frequency range from 3300 – 4200 MHz.  However, 3GPP bands are often defined to be able to operate in multiple countries each of which may have its own regulatory requirements and constraints.  Indeed, Band n77 is such an example where it can be deployed in several countries worldwide.  The current discussion pertains to the usage of Band n77 in the US where the FCC regulations only allow operation over subsets of frequencies; namely, the US regulations allow operation in 3550 – 3700 MHz, 3700 – 3980 MHz, and now 3450 – 3550 MHz.  Each of these frequency ranges falls within the definition of Band n77, but has distinct technical rules imposed by the US FCC.  To address this, 3GPP has so far defined Band n48 for the 3550 – 3700 MHz frequency range, and has made minor modifications to Band n77 specifications [3] to enable the 3700 – 3980 MHz frequency range.  It has also been proposed [1] to further modify Band n77 specifications to enable the 3450 – 3550 MHz frequency range.  The intended usage of 3GPP bands for US 3.5 GHz spectrum is then as follows
1. Band 48/n48 for 3500 – 3700 MHz (CBRS),
2. Band n77 for 3700 – 3980 MHz (US C-band),
3. Band n77 for 3450 – 3550 MHz (if agreed).
Therefore, the 3GPP specifications for Band n77 outside of the 3700 – 3980 MHz and 3450 – 3550 MHz frequency ranges are not applicable in US as indicated by a note in the specification, i.e., 
NOTE 12:	In the USA this band is restricted to 3700 – 3980 MHz.

from Table 5.2-1 of TS38.101-1. Any operation contrary to the above is outside of the scope of 3GPP specifications, is not endorsed by 3GPP, and may fall afoul of regulatory requirements.  
Distinguishing Band n77 devices
One interesting concern raised [2] is that the Band n77 enablement of 3700 – 3980 MHz and 3450 – 3550 MHz has occurred as two separate instances with 3700 – 3980 MHz first and 3450 – 3550 MHz later.  Therefore, it is possible that there will be a subset of earlier devices supporting only 3700 – 3980 MHz (the OEM elects not to or is not able to upgrade the device to also support 3450 – 3550 MHz) while another set of later devices supporting both frequency ranges.  The challenge is for the network to be able to distinguish between these earlier and later devices.  But first, what does it mean to support or not support?  As described above, from a 3GPP perspective support means that the UE is capable of meeting all of the defined requirements.  This implies that the UE could still operate in a not supported frequency range, but the ability to meet all of the defined requirements is not assured.  However, the NOTE 12 shown above clearly indicates that the band is restricted in the US, not merely that “requirements are not applicable.”  Moreover, in practice because of the regulatory rules, the interpretation of support or not support is stricter than “requirements are not applicable.”  In practice, a frequency range not supported means that the UE will not operate at all on that frequency range; otherwise, it could be in violation of regulatory requirements if it has not been certified by the regulator over this range.  Embedded in the UE implementation is a “lock” whereby the UE will not operate on disallowed spectrum.  The UE will not transmit in this frequency range nor will it receive in this frequency range, no matter what request it receives from the basestation or from the user interface.  It is this lock that prevents earlier devices from supporting the 3450 – 3550 MHz spectrum or any other range within Band n77 that it has not been certified for.  The lock can only be “removed” by the OEM manufacturer and will require updating the FCC certification for the device; hence, it can be anticipated that some already-fielded devices will remain locked and unable to access 3450 – 3550 MHz.
With an understanding of the UE behavior described above, the impact to the network should be considered.  Since there are earlier and later devices, both indicating support of Band n77, the network is not able to distinguish between the two.  For initial access and idle mode cell (re-)selection, it is not necessary for the network to distinguish since the earlier UE’s will simply not make any attempt to connect to a cell in the 3450 – 3550 MHz frequency range.  Therefore, the network is not even aware of their presence and even if it were, there would be no change in its behavior.  The problem is when the UE is already attached to a cell that is not operating on 3450 – 3550 MHz.  If the network unwittingly attempts to handover the UE to another cell at 3450 – 3550 MHz, the handover will fail.  The failed handover should be resolved in the serving cell by re-attempting another cell for handover or by keeping the UE in the serving cell.  In the worst case, the handover to the target cell fails while the serving cell is now out of range and a radio link failure (RLF) ensues.  If the network would have had knowledge that this particular UE does not support 3450 – 3550 MHz, it would not have initiated the handover in the first place and instead identified a more suitable cell for handover if one exists.  
While the described scenario sounds concerning, it is expected to be the exception rather than the rule.  The handover operation is typically a much more involved process where multiple measurements on the target cell are performed and reported to the basestation before a determination is made to handover the UE to that target cell.  Only when certain criteria are fulfiled, for example target cell signal strength and signal quality is consistently higher than serving cell by a defined margin, will the handover be initiated.  However, since the earlier UE does not operate on 3450 – 3550 MHz, it will not be able to perform measurements on downlink signals in that frequency range.  The UE will not report favorable target cell signal strength and signal quality conditions and therefore the network will not attempt a handover to a cell in that frequency range.  The only scenarios in which the network might attempt the handover is if the UE is leaving coverage of the serving cell and there are no other better candidates for handover.  In that case, since there are no other better candidate neighbor cells for handover, a RLF is the most likely outcome regardless of whether the network is aware that the UE cannot support 3450 – 3550 MHz.  The other scenario is a blind handover where the network attempts a handover to a new cell without first receiving measurement reports.  Blind handovers are not the common mode of operation since they are done at risk without checking handover criteria and are typically initiated for purposes of load balancing rather than mobility.  Therefore, even in the event of a failed blind handover the UE is still expected to be within coverage of the serving cell.  These scenarios of attempted handover without supporting UE reports on the target cell are regarded to be corner cases not commonly observed in actual network operation.
Recommendation
Based on the observations made in this contribution, while it is recognized that there is a potential issue related to UE’s that support one portion of the Band n77 spectrum but not the other in the US, it is not expected to be a common occurrence nor is the outcome irrecoverable in most cases.  On the other hand, we observe that the longer 3450 – 3550 MHz is delayed in 3GPP, the more likely there will be an increasing population of devices that do not support the frequency range and therefore the increasing significance of a potential issue.  Therefore, it is proposed to adopt the changes in [4] to enable the US 3450 – 3550 MHz frequency range using Band n77.
Conclusion
In this contribution, an overview of the 3.5 GHz spectrum available in the US was provided along with how it has been enabled in 3GPP by bands n48 and n77.  Because the entirety of Band n77 is not available in the US, there has been accommodation for only the frequency ranges that are authorized by the regulations.  This fact, along with the difference in timing between when different frequency ranges are made available and introduced into the specifications and into device implementations leads to the possibility that difference devices will support only a subset of all the available spectrum.  This contribution discusses the implication of the network being unaware of the capabilities of earlier and later devices and concludes that the impact is limited.  It is therefore proposed to enable the 3450 – 3550 MHz spectrum as part of Band n77 for the US in an expeditious manner.
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