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1 Introduction
At the last plenary meeting, a work item was approved to support CA band combinations of; B3 + B31 and B20 + B31 as shown below for Region 1; 

Table 1-1: CA_B3-B31 and CA_B20-B31
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Since B31 is a Region 2 band, 3GPP would need to consider the co-existence issues of deploying a Region 2 band (B31) with existing services and bands deployed in Region 1. This document looks at some of the issues that would need to be considered if B31 is deployed in Region 1 as a standalone carrier or as part of carrier aggregation band combination.

2 Discussion
2.1 Frequency allocation in the different regions 
Region 2 (Brazil) 
It would be useful to recap on the earlier discussion in 3GPP related to B31. In release 12, Band 31 was specified for usage in Region 2 for Brazil to support the need for wireless broadband rural access. The objectives of the WI as stated in RP-121414 were:

· To identify suitable band arrangement such as duplex gap and Rx/Tx separation assumptions and develop channel arrangements for LTE FDD in the 450 MHz band. The work on band arrangement should be initially focused on the channel bandwidth of 3 and 5MHz, with 1.4MHz option to be considered if proven beneficial and feasible for the main target applications.
· Identify potential coexistence issues with adjacent systems
· To specify technical requirements for deploying LTE operation in the 450 MHz band based on the findings and outcome of the activity above.
· To update the core parts of the related technical specifications to include the new band.

After fulfilling these objectives, the follow operating UL/DL operating band as shown below was agreed for B31 to support the needs for rural broadband access in Brazil 

Table 2.1-1: B31
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Region 1 (European table of Frequency allocation and application)
In general the 410-470MHz band which encompasses the B31 frequency range is allocated for PMR/PAMR systems, including applications for institutional organizations / public utilities / PS, fire and health emergencies systems. This is confirmed if we look at the recent ERC report 25 [1] European table of Frequency allocation and application (approval date of May 2014)

Taking as an example the Germany frequency allocation [2], for 440-470MHz there are Private Business Radio (PBR) systems in the 455.00-460.00MHz // 465.00-470.00MHz which overlap the B31 spectrum. These systems have an allowed Tx power range of 1W ERP to 100W ERP using a narrow bandwidth channel of 10/12.5/25KHz  

In some Region 1 countries, part of the 450MHz spectrum is also used for deployment of CDMA public cellular systems and this appears as a foot note EU34 in ERC Report 25 which states "Parts of the bands 450 to 457,5 / 460 to 467,5 MHz may also be used for existing and evolving public cellular networks on a National basis". These existing and evolving systems consists of CDMA450 cellular networks (1.23MHz) 
Therefore, although B31 could be considered as an evolving public cellular network for CDMA 450 deployments, the co-existence and guard band requirements would need to take into account the difference between CDMA450 and LTE450 (B31) in terms of the channel bandwidths, mobile and base station specifications for both technologies 

Recently, the 450MHz spectrum in Europe has also been proposed for broadband PPDR systems in Region 1 [Draft ECC Report 208 Harmonised conditions and spectrum bands for the implementation of future European broadband PPDR systems]. There are two CEPT working groups FM49 and SE7 looking at spectrum utilization and co-existence issues with existing services. Work is ongoing in these groups and no conclusion has yet being reached. 

2.2 ECC harmonized specifications
To address the regulatory requirements in Region 1, mobile and base station equipment would need to meet the regulatory requirements in order to place the product on the market and affix the CE mark.  These requirements include RF certification covering Article 3.2 of R&TTE directive. In this section we look at harmonised requirements developed for Region 1 related to CDMA 450 which can be deployed on a National basis and the 3GPP bands developed for Region 1

EEC harmonised specification_CDMA450
As mentioned previously, some countries in Region 1 part of the 450MHz spectrum is used for deployment of CDMA cellular systems under the basis of a foot note EU34 from the European Common Allocation table ERC Report 25. This foot note is also indicated in the harmonised standard ETSI EN 301 526 [3] for the CDMA mobile stations and in ETSI EN 301 449 [4] for the CDMA bases stations. The RF certification would require compliance to the following essential parameters; 
Table 2.2-1: Essential requirements 
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EEC harmonised specification_ E-UTRA
In order to address the regulatory requirements in Region 1, LTE devices would need to meet a similar harmonised requirement ETSI EN 301 908-13 [5] in order to place the product on the market.  Currently the following LTE bands are specified in [5]; B1, B3, B7, B8, B20, B33, B34, B40, B42 and B43. 

If B31 is deployed in Region 1, than this band would need to be included in the future revisions of the LTE EN series of specifications [5] with a similar foot note based on EU34. Also, as B31 operating range is close to 470MHz (which is used for TV services) then additional changes to the B31 specification may be needed for public cellular systems similar to other Region 1 bands i.e. B20 and B28 to account for the difference between the CDMA450 and B31 harmonized requirement.

3	3GPP
B31 has been approved in 3GPP for Brazil with the main goal of providing spectrum to support LTE broadband services for rural areas. With regard to potential co-existence issues with adjacent systems, we note the following conclusions in the status report presented to RAN plenary in RP-130390: 

From RP-130390: ...  At RAN4 meeting #66 in Malta, the discussion was concentrated on coexistence study of Brazil spectrum. Good progress was made on this aspect. It was discussed that co-existence problems may occur between BS / UE and other systems immediately adjacent to the band. It was also suggested that in certain cases, co-existence may be alleviated by specific mitigation techniques while in some other it may imply performance degradation in the victim system.  

On UE coexistence, it was agreed that no additional TX and RX requirements will be defined to address the coexistence with services in adjacent bands (SARC, SLP/SLE, SLMP) due to lack of regulatory requirements and expecting the operators to address coexistence issues by network deployment and/or accepting a certain outage [1]. 

On BS coexistence, it was agreed that 3GPP BS specifications will not be adjusted to specifically address the coexistence with services in adjacent bands and TV service [3~5]. Specifically, it was proposed not to add TX requirements due to the lack of regulatory limits and assume that coexistence issues will be solved by deployment considerations with regard to out of band emissions from LTE450 and blocking from other systems. There were some discussions on UE coexistence with nearby TV system in the meeting but no agreement was reached. In addition, consideration on BS implementation was discussed and corresponding text proposal was agreed [6]  ....

If B31 is deployed in Region 1, it is not clear whether the co-existence analysis used for the Brazilian deployment scenario would be valid in Europe due to the different objectives in the B31 work item/Technical report. The analysis for Region 1 could be complex due to the many different deployment scenarios and regulatory requirements in each country considering the deployment of B31 would be under the category of “National basis”. In this case we can take the following options; 

a) Following the approach of note 34 “since Parts of the bands 450 MHz to 457.5 MHz / 460 MHz to 467.5 MHz may also be used for existing and evolving public cellular networks on a National basis" then the co-existence issues should also be addressed on a National basis and that 3GPP effort in this area should be minimized. In this case there is no need to define co-existence protection for other services including other Region 1 3GPP bands in the 3GPP specifications. This scenario is also the case when 3GPP bands are deployed in other Regions not specified in the 3GPP co-existence protection table. Therefore, if an operator plans to deploy B31 or other Region 2 bands as part of CA band combination in Region 1; this is an operator and National decision.

b) In order to promote global harmonisation of B31 devices, work is progressed in 3GPP to study the co-existence issues in the different countries in Region 1 which plan to deploy this band. This work would be similar to B26 and B28 where co-existence with PMR, PS and DTV were indentified and addressed in the 3GPP specification for the different Regions. 

A compromise solution which proposes just some aspects or combinations of a) and b) would lead to lack of clarity in the 3GPP specifications and associated conformance specifications 

5 B31 carrier aggregation band combinations 
Work in 3GPP has identified that self interference to be one of the problems for LTE systems with a small TX–RX spacing and a small duplex gap (i.e. B31) as there will be considerable leakage of the transmitted signal OOB emission into the RX path as shown in figure 5-1
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Figure 5-1: Self interference mechanism
For example, if we compare the channel bandwidth, RX-TX channel spacing and the duplex gap for the proposed CA band combinations (B31, B3 and B20), we would need to restrict the B31 transmitted resource block allocation quite significantly in order not to self interfer or desense its own receiver to meet the specified Rx sensitivity [6] 

Table 5-1: Reduction in UL capacity to meet the Rx RFSEN requirements (handset form factor)
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Therefore, it is not clear how CA would be implemented for these CA combinations since the capacity of the P_Cell would be limited in the UL and the S_Cell constrained in the DL for a handset form factor. Other issues that would also need to be addressed would be the radiated performance of 450MHz handheld devices due to the lower antenna gain[footnoteRef:1] and DL MIMO performance. [1:  R4-146523	CA B3+B31 and CA B20+B31 consideration regarding B31 Source: Intel Corporation
] 


If, however, a B31 device is implemented in a larger form factor i.e. CPE or WLL products these self interference performance limitations are not seen, as a larger ceramic filter can provide the better performance needed to address the self interference issue together with an improved antenna radiated performance. In this case, should 3GPP specify a tighter requirement for B31 CA band combinations to account for this improvement so as not restrict the UL P_cell performance / capacity?
5.0 	Conclusion 
Taking into account that part of the bands 450 MHz to 457.5 MHz / 460 MHz to 467.5 MHz may also be used for existing and evolving public cellular networks on a National basis then LTE B31 which was developed for Brazil for wireless broadband access could be considered as a candidate technology for Region 1. To address the different National co-existence scenarios the following options can be considered;  
a) Following the approach of note 34 “since Parts of the bands 450 MHz to 457.5 MHz / 460 MHz to 467.5 MHz may also be used for existing and evolving public cellular networks on a National basis" then the co-existence issues should also be addressed on a National basis and that 3GPP effort in this area should be minimized. In this case there is no need to define co-existence protection for other services including other Region 1 3GPP bands in the 3GPP specifications Therefore, if an operator plans to deploy B31 or other Region 2 bands as part of CA band combination in Region 1; this is an operator and National decision.

b) Take the approach to promote global harmonisation of B31 devices and that work is progressed in 3GPP to study the co-existence issues in the different countries which plan to deploy this band. This work would be similar to B26 and B28 where co-existence with PMR, PS and DTV were indentified and addressed in the 3GPP specification for different regions. 

c) Additionally, indicate requirements in 3GPP apply for larger form factor devices i.e. CPE or WLL products where limitation due to the larger channel bandwidth and small duplex gap are not applicable. Should in that case, 3GPP specify a tighter requirement for B31 CA band combinations to account for this improvement so as not restrict the UL P_cell performance / capacity?
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