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1 Introduction
In 3GPP (Table 5.6.1-1 of TS36.101) B5 is shown as supporting a channel bandwidth of 1.4, 3, 5 and 10MHz. Since B5 deployment is based on the FCC band plan/regulations [1] it may not be possible to support some of the high channel bandwidths due to the smaller block size available in the upper part of B5 in most US geographical regions. A similar issue is also applicable to B26 since this has the same FUL_high (i.e. edge of B26 is 849MHz)  
Previous work in 3GPP on UMTS-850 took into account the FCC band plan as work was focused on deploying a 5MHz WCDMA deployment in the 10MHz A and B block sub-band which was located away from the operating B5 band edge. This aspect is captured in the UMTS 850 TR based on work done in 3GPP and T1PI [2]. [3] 
Operators planning to deploy LTE in other global regions need to take account of the work done in FCC, 3GPP and TIP1 when deploying LTE in different parts of the operating bands. This document is presented to highlight some of the issues that need to be considered and some options to address this aspect if deployment at the upper part of B5/B26 is proposed.  

2  Background
When the FCC first established the cellular service rules, cellular systems in each market area was divided into two channel blocks, Block A and Block B each consisting of 2 x 20MHz of spectrum. In 1986 the FCC allocated an additional five MHz of spectrum to each cellular system as shown below in figure 2.1-1 where, A11 (1MHz), A (10MHz), B (10MHz), A1 (1.5MHz) and B1 (2.5MHz) are the allocated spectrum blocks which provides a total of 2 x 832 AMPS channel of 30KHz.

[image: image1.emf]A

1

A

1

2.5MHz 2.5MHz

(83) (33) (333) (333) (50) (83)

1MHz 10MHz 10MHz 1.5 10MHz 1MHz 10MHz 1.5MHz

(33) (333) (333)

824825 835 845

846.5

849 869870 880 890

891.5

UL BAND 5 Cellular band DL BAND 5 Cellular band

824 849 869 894

894

Block A  Block B  A1 B1 Block A  Block B  A1 B1 Private Land Mobile Radio (PLMR)

851

(50)


Figure 2.1-1:  FCC B5 channel allocation
B5 was later re-farmed to support wider channel bandwidths such as CDMA (1.23MHz) and GSM850 (200 KHz) [2]. Much later in 2003, WCDMA (5MHz) was first considered for deployment in Block A/B as detailed in [3] (UMTS at 850 – Interference and Band-plan Considerations). In this work, the wider WCDMA 5MHz channel was deployed surrounded by narrow band channels which acted  as  a “pseudo” guard band within the 10MHz allocated channel bandwidth as shown in figure 2.1-2

Figure 2.1-2; WCDMA “sandwich” deployment.

This mix of narrow band IS-95/GSM 850 and wide band UMTS deployment was followed in other Regional B5 countries such as Latin America, North America, China, Korea and Japan. For example, in Latin America the “FCC” band plan is shown below for COMCEL and MOVISTAR.
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With the FCC band plan it is not possible to deploy a larger channel bandwidth at the operating band edge however, the 3GPP specifications do not preclude such a deployment.  In some regions where B5 is deployed and the FCC band plan/regulations are not followed then the deployment of a wider channel bandwidths at the edge of the operating bands will result in co-existence issue with users of adjacent services 
3 B5 / revised PLMR band plan
The introduction of 800 MHz cellular systems in the US had created interference [1] with Public Safety and Other non-800 MHz cellular systems operating in the Private Land Mobile Radio (PLMR) band. This resulted in the re-banding
 of the Private Land Mobile Radio (PLMR) band as shown in Figure 3-1
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Figure 3-1; B5 and revised PLMR band plan for US deployment 
In the new FCC band plan (figure 3-1) DL PS narrow band is now located adjacent to B5/B26 UL with a 2MHz guard band. Since the maximum channel bandwidth that can be deployed in B1 is 2.5MHz. This B1 block could be used for GSM 850 (200 KHz), CDMA (1.23MHz) or potentially LTE (1.4MHz) deployment
3.1 B5/B26 to PLMR co-existence
The FCC OOBE emission requirement for B5 is -13dBm/100KHz.  Figure 3.1-1 shows the FCC limits and the UE OOBE for a 1.4MHz and 10MHz transmission configuration. In both cases the FCC requirements will not provide protection of adjacent services. For example in the B23 and B25 the emission requirement were significantly tighter than FCC to reduce interference to adjacent systems
Since the Tx OOBE emission and also Rx blocking interferer offset scale with channel bandwidth the co-existence with adjacent services becomes more onerous as the transmission bandwidth increases taking into account the 2MHz guard band
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Figure 3.1-1; PA emission mask 1.4MHz / 10MHz channel bandwidth
A similar conclusion can be derived for B26 assuming that sub band A1 and B1 are maintained for this new operating band as shown below in figure 3.1-2
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Figure 3.1-2; B26 and PS deployment (US)
If we ignore the FCC band plan and deploy a 10MHz wide band channel at the top end of B5/B26 as shown in figure 3.1-3 for the proposed Korean SI we will need to re-evaluate the LTE UE to PDPR UE co-existence. PPDR is an ETSI specified TETRA system (25KHz channel plan). This PPDR service is located 2MHz away at 851MHz and this guard band may not be sufficient to address the OOBE emission from a LTE device and will result in significantly desense of the PDPR UE 
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Figure 3.1-3; B5/B26 and PPDR co-existence (Korea SI)
Since this deployment is similar to B13 (10MHz LTE UL channel located 2MHz away from an TIA- specified PS device) a similar solution can be adopted using 
a) NS_OX signalled value to limit the UE OOBE emission to a lower value (-57dBm/6.25KHz) as shown in figure 3.1-4 using an over provisioned PUCCH solution [4]. This will be needed if the operator plans to deploy a 10MHz LTE UL channel at the top end of B5 or B6
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Figure 3.1-4; B13 with/without NS_07 example
b) Asymmetrical UL for edge of band operation. (5MHz UL paired with 10MHz DL) –figure 3.1-5
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Figure 3.1-5; asymmetrical operation in the upper part of B5/B26

In this case, depending on the emission requirements for protection of PPDR, only a simple A-MPR requirement is needed for > [n}RB allocations. Figure 3.1-6 show the reduced emission into PPDR spectrum if only 5MHz is used in the UL in order to provide a (5+ 2 MHz) guard band while still providing the maximum allowed 10MHz DL transmission channel.
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Figure 3.1-6; PA emission for with a (5+2) MHz guard band

In this we would need to add asymmetrical operation to Table 5.6.1 of TS36.101 for B5 and B26. This requirement has already been provisioned in the specification with the following note in the specification b) 
The use of different (asymmetrical) channel bandwidth for the TX and RX is not precluded and is intended to form part of a later release
3.2 B5 to PLMR UE co-existence
Although not so much of an issue at the top end of B5 it is also useful to consider another co-existence FCC, as part of the re-banding of the Private Land Mobile Radio services band has specified a new requirement (unacceptable interference) when the received signal from a cellular architecture base station or stations shall be equal to or greater than -104dBm for mobile units or -101dBm for portable units measured at the PLMR antenna port  the PS device is said to be protected as shown in figure 3.2-1 
Figure 3.2-1 shows the impact of this requirement on both B5 and B26; however, the requirements are more stringent for B26 BS since this is now an in-band requirement unlike B5 (which is an out of band requirement (8MHz offset) for the BS. Requirements is {If a PS mobile unit is assumed, the desired signal strength at mobile unit: ‑104dBm/6.25 kHz, which gives an LTE BS OOBE of ‑127dBm/6.25 kHz + [if MCL=70] = ‑57dBm/6.25 kHz}
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Figure 3.2-1 unacceptable interference requirement

The reason for this FCC requirement is to avoid DL interference from cellular architecture systems due to s difference between “high-site” Public safety and “low-site” cellular deployment.  For example, a typical public safety 800 MHz system will employ one, or only a few, base stations with antennas located on high terrain, towers, buildings, etc. to provide wide-area coverage from the base station.  Cellular-architecture systems, by comparison, make use of multiple, localized coverage, base stations whose antennas generally are mounted on low towers or other structures 
This unacceptable interference requirement is not currently specified in the BS specifications for B5 or even B26
4 Way forward options   
In the case when we want to deploy wider channel bandwidth at the edge of B5/26 we need to consider the following; 
1. Restrict the channel bandwidth at the top of the B5/B26 operating band in line with the FCC channel plan in the 3GPP specification and/or indicate there may be a co-existence issue if a larger channel bandwidth is deployed.
2. Specify a NS_0X solution similar to B13 (10MHz UL channel next to a PSNB system) for B5 and B26. In this we can re-use the existing NS_07 table and emission values (-57dBm/6.25KHz) with some minor modifications to account for the change in duplex direction 
3. Define asymmetrical channel bandwidth operation for B5 and B26 to allow an increase in the UL guard band while still maintaining the maximum allowed channel bandwidth in the DL
4. Add missing requirements for unacceptable interference to the UE in the BS specification for B5 but more essentially for B26
5. Specify an informative note or recommendation in the 3GPP specification  
5 Conclusions

In 3GPP B5/26 is shown as supporting a channel bandwidth of 1.4, 3, 5 and 10MHz but the specification does not indicate the deployment of the larger channel bandwidths are conditional on the FCC band plan. While the FCC band plan may not support deployment of these large channel bandwidths at the operating band edge, the 3GPP specifications do not preclude such deployment scenarios in other regions  
In some regions where B5/B26 is deployed and the FCC band plan/regulations are not followed then the deployment of a wider channel bandwidth at the edge of the operating bands will result in co-existence issues with the users of adjacent services and there is no FCC type clause which states … when an emission outside the authorized bandwidth causes interference, the commission may, at its discretion, require greater attenuation than specified …
This document provides some options to mitigate the co-existence issue if wider channel bandwidths deployment at the upper part of B5/B26 is considered. It is proposed these options are discussed so this requirement can be added to the specification
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� 	The 800 MHz PLMR re-banding process has not been completed. Some PS is still deployed in the upper 3 MHz of the band in some markets.
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