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1	Introduction 
On April 17, 2015, the Commission adopted a Report and Order that established a new Citizens Broadband Radio Service (CBRS) in the 3550-3700 MHz band (3.5 GHz Band) [1]. This was followed by the 2nd Report and Order that was adopted on May 2, 2016 clarifying some of the rules and also adding new ones [2]. Furthermore, in its 3rd Part 96 R&O [3], FCC made more modification and clarification on the band.
This band provides a contiguous 150MHz to be shared among operators with license for mobile broadband services, and enterprise and private network providers. This band is different from licensed band where a particular range of spectrum may be allocated to a particular operator. It is also different from unlicensed band, in which users are accessing the band only based upon their own sensing of empty channels. In this band. Permission is required from Spectrum Access System (SAS) for device operating as AP, eNB or gNB (referred to as Citizen Broadband Service Device or CBSD, regardless of their maximum permitted EIRP), or any fixed end user device (EUD) whose maximum permitted EIRP per FCC certification is more than 23 dBm/10MHz. No mobile EUD with maximum permitted EIRP beyond 23 dBm/10MHz is allowed in this band. End user devices (fixed or mobile) with maximum permitted EIRP less than or equal 23 dBm/10MHz do not need SAS permission to transmit in the band, provided that they meet certain part 96 requirement [1,2,3].   
In its 3rd Part 96 R&O [3], FCC modified OOBE and SEM requirements for UEs implementing CBRS band as shown in figure 1. The new requirements are now more relaxed since the in-band SEM requirement is no longer -40dBm/MHz for frequencies 10MHz away from the channel edge. The SEM mask now extends the -13dBm/MHz region to 1 full channel BW away from the channel edge before falling to -25dBm/MHz for the remainder of frequencies within the CBRS band. 


Figure 1: Part 96 OOBE and SEM for CBSDs and EUDs

As depicted in Figure 2, SAS shall protect the following incumbents from the aggregate interference from all CBSDs and high power EUDs according to the rules defined in [1,2,3]. 
1. Federal Radars (coastal and inland) mostly within 3550-3650 MHz range and in a few inland radars in 3550-3700 MHz
2. Fixed Satellite Services (FSS) in some spectrum range within 3600-3700 MHz 
3. Grandfather Wireless Protectio0n Zones (GWPZ) in some spectrum range within 3650-3700 MHz
4. Priority Access License (PAL) in some spectrum range within 3550-3650 MHz
5. The sensors required to sense Federal Radar activities (ESC) within 3550-3650 MHz
In addition, SAS may coordinate the coexistence among Generalized Authorized Access (GAA) users and/or PAL users Access, so that the spectrum is fairly and efficiently used by all US citizens.
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Figure 2: CBRS Channel Structure
Using the dynamic nature of spectrum allocations in CBRS band, in this paper the required band combinations to address 5G NR NSA deployment in CBRS band are described. 
2	LTE/NR spectrum sharing involving n48 
In [4], 5G NR was extended to be uses in the CBRS shared spectrum from 3550-3700 MHz in United States. Both intra-band and inter-band CA, and inter-band DC operations are allowed for n48. 
Figures 3.a, 3.b, and 3.c, depicts all possible combinations involving CBRS spectrum. Note that the configuration 3.c. may involve contiguous or non-contiguous b48/n48 combination. Moreover, it is also possible to use the configuration 3.d to allow 5G NR PCell/PSCell/SCell configuration to operate in the same carrier as LTE PCell (See band n90 [5]).Due to the dynamic nature of the spectrum allocation in CBRS band SAS may dynamically allocate one single BW with different sizes, or multiple channel bandwidths contiguous or non-contiguous to the CBSDs. By law, there is no guarantee that SAS always allocate a channel with a certain channel BW to a CBSD. Moreover, even though it is possible to allocate more than one channel (grant) to a CBSD, there is no guarantee that the SAS may also be able to allocate contiguous carriers to a CBSD. 
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Figure 3: Different band combinations involving CBRS band in 5G NR NSA (a) inter-band ENDC bX/n48,  (b)inter-band ENDC b48/nX, (c) intra-band ENDC b48/n48, which could be contiguous or non-contiguous, (d) configuration where NR operates in the same carrier as LTE

The users of the band include operators who already own licensed spectrum and may use a licensed LTE anchor channel (such as MNOs, or in some cases MSO), operators who do not have any existing licensed spectrum (such as some MSOs), as well as enterprise providers, private network providers, and the providers of Neutral Hosts, who do not own any licensed band to be used as LTE anchor channel for ENDC. For each provider, the deployment choice between the above configurations is driven by several technical and non-technical factors, including but not limited to deployment timing, device penetration, maturity of core solutions and operational complexities associated with these configurations. Thus, it should be clear that band n48 definition and resulting combinations (CA and DC for inter- and intra0band cases) should allow all of the above configurations. Restricting the band to only one or the other will significantly deter adoption and investment in the band and the ecosystem and will be against the spirit of spectrum sharing goals intended by US Regulators. 

Observation 1: The SAS may dynamically allocate singe carrier with variable channel BWs, as well as multiple contiguous or non-contiguous channel BWs to a CBSD. 

Observation 2: Initial and subsequent  CBRS deployments require support using either CBRS n48 alone or CBRS band in conjunction with other bands. 

Observation 3: As one of the intended usage of CBRS band was to foster growth 5G NR deployment in United States, both the initial and subsequent CBRS deployments require support of employing either LTE or NR SA or various MR-DC options. 

Proposal 1: Introduce various band combinations involving b48 and n48 in the Rel-16 3GPP standard. 

 In the following subsections, some examples, use cases, and standardization impacts of these different configurations are explained.
2.1	LTE/NR Inter-band ENDC including n48
After addition of CBRS spectrum to 5G NR (see Annex A), the authors have requested RAN4 to define inter-band EN-DC combinations to support EN-DC combinations to leverage n48 with other bands, such as DC_71_n48 and DC_48_n71. 
The amount of work required to define the inter-band EN-DC combinations should be minimal as FDD-TDD EN-DC combinations similar to these are already defined and understood.
As discussed in Section 2, due to the SAS spectrum allocation framework, both contiguous and non-contiguous allocations need to be supported to allow uniform deployments with each of the requested band combinations. 
Proposal 2:	Introduce requested inter-band EN-DC combinations with n48.
3GPP Rel-16 is in the process of standardizing NR Unlicensed (NR-U) [6] for CA, DC and SA cases. As part of this work, RAN4 is expected to ratify Band n46 to allow NR-U to operate in 5GHz. It is therefore natural to define EN-DC combination of b48 with n46 (LTE:NR-U DC) to allow operators to utilize unlicensed spectrum (5GHz) for various deployment use-cases. This corresponds to Scenario B in [6]. It is expected to prioritize the b48-n46 connecting to EPC over 5GC[footnoteRef:1]. [1:  There is no impact to RAN4 as a result of prioritizing EPC over 5GC. This information is provided for brevity and is in line with [7].] 

Upon ratification of n46, the amount of work required to define the above combination is expected to be minimal as both the involved bands are already well-studied.
Proposal 3:	Introduce in RAN#93 various EN-DC combinations for contiguous and non-contiguous carriers for b48-n46.
2.2	LTE/NR Intra-band EN-DC b48/n48
Initial service launch in CBRS spectrum has already started and is expected to expand in 2020. At such time, various 5G (EN-DC) deployments are already expected to be in a commercially mature state. For many mobile broadband services, enterprise, and private network providers wishing to launch cellular services in the CBRS spectrum, it may be the only spectrum available to such providers. In the early phase of deployment, the only viable 5G upgrade path for such UEs would be to allow EN-DC operation within the CBRS band itself. As discussed in Section 2, the uncertainty of SAS based channel assignment requires both contiguous and non-contiguous operations would to be required to be supported. 
Proposal 4: Introduce various combinations for contiguous and non-contiguous intra-band EN-DC for b48-n48. Companion paper (in [9]) is provided to trigger inclusion of the resulting combinations.
In EN-DC, for “easy” band combinations (see [7]) simultaneous dual and triple uplink operations are allowed (depending on UE and network capability support). However, for “difficult” band combinations [7], to counter the intermodulation product the option of “Single Uplink allowed” was introduced. Given that the US Regulators have set the emission mask requirements in both DL and UL directions, the authors expect the effect (e.g. A-MPR constraints, IMD products etc)  of employing dual UL for this band combination to be non-negligible. 
The authors expect intra-band b48-n48 EN-DC combination to fall under the “difficult” band combination category. Therefore, for the inclusion of this band combination, the following analysis is recommended:
For UEs not supporting dual PA architecture to allow UL operations such that at any given time, only either LTE or NR is allowed to operate in UL. In such a case, it is expected that the eNB (in coordination with the gNB) will provide the necessary TDM pattern of operation (in by tdm-PatternConfig-r15 [8]).  
Proposal 5:	Investigate single uplink operations for this band combination.

Furthermore, due to the fact that E-UTRA and NR are expected to use separate carriers in this scenario, the authors do not expect an impact to GCSN or expect the 7.5 kHz UL channel raster shift to applied in this case.
Observation 4:	Impacts to GCSN are not expected for this band combination.
Observation 5:	No 7.5 kHz UL raster shift is expected for this band combination.
2.3	LTE/NR Spectrum Sharing using b48/n48
Dynamic spectrum sharing (DSS) is an important feature that allows for sharing existing spectrum between the LTE and NR carriers, thus enabling smoother transition from LTE and faster adoption of NR. 
CBRS is a candidate band to be re-farmed using the concept of dynamic spectrum sharing in both DL and UL of LTE and NR especially in 2020 where the majority of deployment in CBRS band is heavily concentrated on LTE load and it moves gradually toward NR traffic load.
For the following reasons, DSS is required solution to address 5G NR NSA deployment in CBRS band:
· According to FCC rule 96.25 (B)(1)(i) Rule [1], SAS is mandated to allocate the same PAL channel(s) to a PAL licensee who owns the PAL licenses within multiple adjacent counties, to the extent feasible (as far as it does not violate tier 1 incumbent protection). Moreover, according to FCC rule 96.25 (b)(2)(i) [1], SAS is mandated to provide adjacent PAL channels to the operators that own multiple PAL licenses within the same county, to the extent feasible. Therefore, the PAL allocations are mainly allocated as a contiguous chunk of spectrum, rather than non-adjacent channels
· Spectrum allocation in CBRS band is performed by SAS considering the impact on federal and non-federal incumbents, as well as coexistence among GAA and PAL CBSDs. One of the main criteria in determining GAA allocations as defined by CBRS Alliance and WinnForum is to allocate contiguous chunk of Spectrums to the same operator. There is no commitment or guarantee from SAS to allocate a certain band combination to the CBSDs. 
· In areas where a considerable chunk of spectrum are restricted by incumbents (such as 3650-3700 MHz for protecting GWPZs as depicted in Figure 2), SAS channel allocation is limited to a portion of band, and therefore the odds of allocating a chunk of spectrum to the CBSD is higher
· As depicted in Figure 2, the OOBE and SEM for end user devices drop to -25 dBm/MHz within an offset from carrier edge equal to the channel BW. As a result, deployment of a contiguous frequency channel with the size BW provides considerably less OOBE or SEM compared to two channels with the sizes summing up to BW. This means the A-MPR values is considerably less in the case of contiguous CBRS channel allocation, as compared to non-contiguous combinations (ENDC or CA). 
· CBRS commercial deployment using LTE has already started and all operators including MNOs, MSO, and the providers of enterprise networks, Neutral Hosts, and private networks require a smooth path to migrate to 5G, until 5G NR SA is ready to be deployed. Operators are not necessarily confident about the timeline 5G NR SA is deployed and therefore a solution to re-farm the existing LTE deployment into LTE/NR spectrum planning.

Observation 6: Contiguous CBRS channel allocation with different channel sizes by SAS Administrators is inevitable. 
Observation 7: DSS is a feasible solution to provide a smooth migration from existing LTE deployments in CBRS band to LTE/NR deployment all contained within CBRS band. 

However, CBRS is a TDD band, and therefore this combination is subjected to similar restrictions as in other TDD bands (such as band n41), in order to allow frequency alignment for dynamic schedule LTE and NR transmission on the same spectrum in RB level sharing, to avoid inter-carrier interference. The requirements on this channel arrangement are summarized as follows:
1. UL 7.5 kHz frequency shift to align UL SCS among LTE and NR
Per [10,11], both 15 kHz and 30 kHz SCS are allowed in n48. For the case when NR operates with 15 kHz SCS, alignment with LTE UL SCS in the same carrier as LTE then is required. 
Therefore, UL 7.5 kHz shift[footnoteRef:2] on NR uplink transmission is required for DSS operation in n48 for when NR SCS is 15 kHz. However, for when NR operates with 30 kHz SCS, 7.5 kHz UL frequency shift is not required.  [2:  It is to note that 7.5 kHz UL shift is currently mandated for all FDD and SUL bands, and the application of this shift in TDD bands must be is signalled by Network Signalling Control “frequencyShift7p5khz“, as defined in RAN2.] 

In [5], to address backward compatibility with n41, a new band n90 was introduced to address the above required changes (and the 100 kHz channel Raster support). However, since band n48 has been introduced recently, and no legacy n48 devices exist in the market, introducing further changes to band n48 when 15 kHz SCS is used (as done in Alterative 2) does not break any backward compatibility.
Observation 10:	Since band n48 has been introduced recently, there will be no backward compatibility issues due to further changes to band n48, when 15 kHz SCS is used.
There are few companion papers submitted on this topic [12,13] and RAN4 is requested to discuss and determine the most efficient solution to support all deployment options. 
Proposal 6:		RAN4 is requested to discuss and decide on the way forward to address the 7.5 kHz UL raster shift issue. 

2. Sync raster specification correction
For the band below 3GHz, SS raster shift with three candidate locations per SS raster cluster are required to accommodate with 100 kHz channel raster. However, this sync raster shift is presently not allowed for bands above 3GHz. When NR is transmitting in the same CBRS carrier as LTE, it is proposed to study how to solve this limitation for CBRS band. Options such as employing MBSFN configuration to avoid collision with LTE CRS and CSI-RS transmission should be explored. 

Proposal 7: 	Investigate mechanisms to allow transmission of NR SSBs whilst avoiding collision with LTE transmissions for when NR operates in the same carrier as LTE but do so without changing the current GCSN formulae.


3	Conclusions

In this discussion paper, the importance of defining LTE – NR combinations involving CBRS band n48 is discussed. Due to dynamic nature of spectrum allocation algorithms performed by SAS and the impact of several factors, such as federal and non-federal incumbents and coexistence criteria, it is inevitable to allow different combinations involving n48.


Proposal 1: 	Introduce various combinations involving b48 and n48 in the Rel-16 3GPP standard. 
Proposal 2:	Introduce requested inter-band EN-DC combinations with n48.
Proposal 3:	Introduce in RAN#93 various EN-DC combinations for contiguous and non-contiguous carriers for b48-n46.
Proposal 4: 	Introduce various combinations for contiguous and non-contiguous intra-band EN-DC for b48-n48. Companion paper (in [9]) is provided to trigger inclusion of the resulting combinations.
Proposal 5:	Investigate single uplink operations for this band combination.
Proposal 6:	 RAN4 is requested to discuss and decide on the way forward to address the 7.5 kHz UL raster shift issue. 
[bookmark: _GoBack]Proposal 7: 	Investigate mechanisms to allow transmission of NR SSBs whilst avoiding collision with LTE transmissions for when NR operates in the same carrier as LTE but do so without changing the current GCSN formulae.
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Annex A (excerpt from TS 38.101-1):

Table 5.4.2.3-1: Applicable NR-ARFCN per operating band
	NR operating band
	ΔFRaster
(kHz) 
	Uplink
Range of NREF
(First – <Step size> – Last)
	Downlink
Range of NREF
(First – <Step size> – Last)

	n1
	100
	384000 – <20> – 396000
	422000 – <20> – 434000

	n2
	100
	370000 – <20> – 382000
	386000 – <20> – 398000

	n3
	100
	342000 – <20> – 357000
	361000 – <20> – 376000

	n5
	100
	164800 – <20> – 169800
	173800 – <20> – 178800

	n7
	100
	500000 – <20> – 514000
	524000 – <20> – 538000

	n8
	100
	176000 – <20> – 183000
	185000 – <20> – 192000

	n12
	100
	139800 – <20> – 143200
	145800 – <20> – 149200

	n14
	100
	157600 – <20> – 159600
	151600 – <20> – 153600

	n18
	100
	163000 – <20> – 166000
	172000 – <20> – 175000

	n20
	100
	166400 – <20> – 172400
	158200 – <20> – 164200

	n25
	100
	370000 – <20> – 383000
	386000 – <20> – 399000

	n28
	100
	140600 – <20> – 149600
	151600 – <20> – 160600

	n30
	100
	461000 – <20> – 463000
	470000 – <20> – 472000

	n34
	100
	402000 – <20> – 405000
	402000 – <20> – 405000

	n38
	100
	514000 – <20> – 524000
	514000 – <20> – 524000

	n39
	100
	376000 – <20> – 384000
	376000 – <20> – 384000

	n40
	100
	460000 – <20> – 480000
	460000 – <20> – 480000

	n41
	15
	499200 – <3> – 537999
	499200 – <3> – 537999

	
	30
	499200 – <6> – 537996
	499200 – <6> – 537996

	n48
	15
	636667 – <1> – 646666
	636667 – <1> – 646666

	
	30
	636668 – <2> – 646666
	636668 – <2> – 646666

	n50
	100
	286400 – <20> – 303400
	286400 – <20> – 303400

	n51
	100
	285400 – <20> – 286400
	285400 – <20> – 286400

	n65
	100
	384000 – <20> – 402000
	422000 – <20> – 440000

	n66
	100
	342000 – <20> – 356000
	422000 – <20> – 440000

	n70
	100
	339000 – <20> – 342000
	399000 – <20> – 404000

	n71
	100
	132600 – <20> – 139600
	123400 – <20> – 130400

	n74
	100
	285400 – <20> – 294000
	295000 – <20> – 303600

	n75
	100
	N/A
	286400 – <20> – 303400

	n76
	100
	N/A
	285400 – <20> – 286400

	n77
	15
	620000 – <1> – 680000
	620000 – <1> – 680000

	
	30
	620000 – <2> – 680000
	620000 – <2> – 680000

	n78
	15
	620000 – <1> – 653333
	620000 – <1> – 653333

	
	30
	620000 – <2> – 653332
	620000 – <2> – 653332

	n79
	15
	693334 – <1> – 733333
	693334 – <1> – 733333

	
	30
	693334 – <2> – 733332
	693334 – <2> – 733332

	n80
	100
	342000 – <20> – 357000
	N/A

	n81
	100
	176000 – <20> – 183000
	N/A

	n82
	100
	166400 – <20> – 172400 
	N/A

	n83
	100
	140600 – <20> –149600
	N/A

	n84
	100
	384000 – <20> – 396000
	N/A

	n86
	100
	342000 – <20> – 356000
	N/A

	[n90]
	15
	499200 – <3> – 537999
	499200 – <3> – 537999

	
	30
	499200 – <6> – 537996
	499200 – <6> – 537996

	
	100
	499200 – <20> – 538000
	499200 – <20> – 538000
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