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1	Introduction
In RAN #72, a work item for a new 3.5 GHz TDD CBRS band plan for the US was approved [1].  The WID calls for the creation of a new TDD band for the US ranging from 3550 MHz to 3700 MHz.  It is also noted that specifying LTE unlicensed standalone operation is not in the scope of the WI.  In this contribution, key FCC requirements concerning the band are discussed and relevant issues regarding standardization of the band are observed. 

[bookmark: _Toc354623709]2	Citizen Broadband Radio Service (CBRS)
The FCC, in its two Report and Orders (R&Os) concerning the Citizen Broadband Radio Service (CBRS) band [2,3], has laid out very detailed and sophisticated sharing requirements in order to maximize the utilization of the band.  This band has multiple components which are unique with respect to other 3GPP bands; incumbent legacy access, priority access (similar to exclusive licensed operation) and general access (similar to shared unlicensed operation) which are all managed by a Spectrum Access System (SAS) to address sharing and co-existence.  The uniqueness of this approach is emphasized in the FCC R&O; “… CBRS takes advantage of advances in technology and spectrum policy to dissolve age-old regulatory divisions between commercial and federal users, exclusive and non –exclusive authorizations, and private and carrier networks.” [3]
Accordingly, the FCC imposed a three-tiered sharing for the band; incumbent access, priority access license (PAL) and general authorized access (GAA):
Incumbents are legacy federal and satellite fixed satellite service (FSS) users in the band and have the highest priority and receive protection from all CBRS users. Protected incumbents include federal shipborne and ground band radar and FSS earth stations in the 3600-3700MHz band, and for a finite period, grandfathered terrestrial wireless operators in the 3650-3700 band.
PAL operation has the next priority and GAA users must avoid causing harmful interference to PAL users.  PAL will be licensed in 10MHz unpaired channels and its allocation is limited up to 70 MHz in the 3550-3650 MHz span.  Actual channels will be assigned by the SAS with no guarantee of a particular assignment.  The PAL network license is subject to competitive bidding.
GAA operation is permitted over the entire 150 MHz band span, on any frequencies not assigned to PAL and not-used PAL allocations.  The FCC allows GAA access under the “licensed-by-rule” regime by which no individual licenses are required and end users are automatically licensed by complying with the necessary rules.  GAA users must not cause harmful inference to higher tier (Incumbent/PAL) users and are not “protected” from other CBRS (PAL/GAA) users. 
Figure 1 shows the proposed band plan and allowed access types in the band.  In this contribution, the focus is on PAL and GAA since these are the licensees which can potentially leverage 3GPP technologies.



Figure 1.  US CBRS Band

The SAS is the central spectrum management entity augmented by a network of Environment Sensing Capability (ESC) components to manage the spectrum allocation and channel assignment of PAL and GAA licensees.  Enforcing CBRS co-existence requirements is the responsibility of the SAS.  The SAS dynamically manages frequency assignments and enforces sharing rules.  All Citizens Broadband Service Devices (CBSDs) are required to register with the SAS and end user devices must be authorized and controlled by an SAS-authorized CBSD.  The SAS is also tasked with facilitating coordination and fair sharing among GAA users.  There may be multiple SAS entities with the expectation that there will be a set of common protocols used to facilitate coordination and sharing among the SAS entities.  Details on how the SAS will enforce co-existence rules such as GAA sharing and automatic frequency assignment are still unknown and the FCC expects such details to emerge during the future SAS administrator approval process.  It is clear from the rules, however, that the CBRS band in the US cannot be deployed and utilized until the SAS is in place and operational.
The FCC has imposed some unique requirements for the band which need to be specified in terms of core 3GPP requirements such as:
· PAL must accept adjacent channel/in-band blocking from other PAL/GAA radios up to -40 dBm/10 MHz with greater than 99% probability (47 C.F.R. § 96.41(f)) with the measurement antenna placed at a height of 1.5 meters above ground level.  Note this is a free field measurement and not a conducted measurement
· Out of band emissions from the edge of the operating channel must be below or equal to -13 dBm/MHz within 0-10 MHz from the edges of SAS-assigned channel (or contiguous channels).  The same emission must be below or equal to below -25dBm/MHz beyond 10 MHz from the channel edges of a SAS assigned channel (or contiguous channels).  Moreover, the power of any emissions below 3530 MHz or above 3720 MHz shall not exceed -40dBm/MHz (47 C.F.R. § 96.41(e)(1,2))
· PAL affords protection within its PAL protection area; PAL protection area is either operator supplied based on actual deployment or based on the maximum -96 dBm/10 MHz power spectrum density (PSD) contour (47 C.F.R. § 96.25(c)(2)).  A PAL user is treated like a GAA user outside the PAL protection area
· In order to protect PAL, other PAL or GAA Citizens Broadband Service Devices (CBSDs) are not authorized on the same channel in geographical areas and at maximum power levels that will cause aggregate interference in excess of -80 dBm/10 MHz within a PAL protection area (47 C.F.R. § 96.41(d))
· Frequencies available for GAA must be made available on a shared basis (47 C.F.R. § 96.35(e)).  GAA users must be subjected to efficient, non-discriminatory co-existence and sharing (47 C.F.R. § 96.63(h))
· CBSDs must be able to measure and report on received signal and interference levels (47 C.F.R. § 96.39(d))
· UEs with power level greater than 23 dBm EIRP would have to be treated as CBSD and subjected to all CBSD requirements such as location reporting, interference measurements and direct interaction with SAS (47 C.F.R. § 96.47(b))

3 				Potential Standardization Issues

In this section, some issues regarding the standardization of the band are observed given the requirements discussed in the previous section.  

Observation #1:  The same LTE technology may not be suitable for both PAL and GAA

In terms of access, PAL is similar to traditional licensed access whereas GAA has more similarities with unlicensed access as a GAA CBSD is expected to share spectrum with other GAA CBSDs with no protection expectations.  The rules do not require sharing among PAL licensees, but sharing is a fundamental aspect and key differentiator of GAA.  3GPP currently specifies separate requirements for exclusive (licensed) and shared (unlicensed) access technologies. 

Observation #2:  It is unclear whether GAA can be implemented with the current 3GPP technologies

Because the WI specifically precludes considering standalone unlicensed LTE in the band, 3GPP licensed assisted access (LAA) may be the only applicable current 3GPP technology for meeting the GAA sharing requirement, and it is noted that the FCC rules do not restrict using the band in a supplementary mode.  However, exact mechanisms to allow fair sharing and contention resolution among GAA users are still “to-be-determined” and one cannot make a determination of a particular technology’s suitability to implement GAA until such details are available.  Sharing and contention resolution details become even more crucial when considering the fact that there could be non-3GPP technologies like LTE-U, MuLTEFire and Wi-Fi populating the band.  

Observation #3:  PAL may be implemented with the standard TD-LTE (licensed).  However, new requirements may be needed.

Within its PAL protection area, PAL may be implemented using standard licensed TD-LTE.  But, the rule also requires that PAL users (end user devices) be treated like GAA users outside the protection area.  This suggests technologies implementing PAL need to support some, if not all, aspects of GAA.  

Also, the FCC imposed specific reception limits (adjacent and in-band blocking) and out of band emissions which need to be part of the core requirements specified in 3GPP.  These FCC requirements are in excess of current 3GPP requirements and may require tighter RX performance and tighter TX requirements or require power back-off or NS spectrum/power shaping particularly for wide channel bandwidth or band edge operation.

Observation #4:  Given the rules, adjacent channel deployments between PAL and GAA in the same geographical area would be prevalent

Adjacent channel deployments of exclusive and shared access are a new scenario which needs to be studied in the new band.  Since the proposed band plan is TDD, one solution is to assume synchronization across PAL and GAA.  However, it needs to be further studied whether such an assumption is valid and/or even practical.

Observation #5: Uniform measurement and reporting of interference by CBSDs

The rules require CBSDs to be able to measure and report on their local interference levels and the FCC has encouraged industry stakeholders, such as 3GPP, to develop detailed metrics regarding issues like received signal strength, packet error rate, and technology specific parameters of signal and interference metrics. It will be beneficial if 3GPP defines the above metrics methodology for uniform implementation to ensure compatibility among multiple SAS entities and access technologies.

Observation #6:  SAS may assign channels that do not align with EUTRA channel raster

The SAS is to be designed for automated channel assignment which will simply involve instructions to the CBSDs to use a specific channel, at a specific place and time, within the 3550-3700 MHz tuning range. There is a possibility that the assigned channel may not follow the LTE channel raster of 100 kHz; i.e. the center frequency may not be a whole number multiple of 100 kHz as the SAS may be designed to deal with not just LTE but other technologies as well.  

4 				Conclusions 
[bookmark: _GoBack]In this contribution, the FCC requirements concerning the US 3.5 GHz band are discussed and relevant issues regarding 3GPP standardization of the band are identified.  The CBRS band in the US introduces several new concepts into the 3GPP standardization process.  First, the rules allow both traditional exclusive licensed access and non-exclusive sharing access within the band.  Secondly, the band requires a new entity, the SAS, which oversees coordination between PAL/GAA and enforces efficient sharing of the band.  Thirdly, exact requirements for sharing and co-existence are yet to be determined.  The observations made in this contributions highlight the uniqueness and challenges in drafting requirements for the band and indicate the need to thoroughly vet these requirements.
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