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1 Introduction
The operations in Band I in Region 1 for FDD are 1920-1980 MHz (Uplink) and 2110-2200 MHz (Downlink) whilst the operations in TDD are 1900-1920 MHz and 2010-2025 MHz.  This operations offer a frequency separation between FDD Downlink (2110-2200 MHz) and TDD operations.  In contrast, the operations in 2.6 GHz are 2500-2570 MHz and 2620-2690 MHz for FDD Uplink and Downlink respectively and 2570-2620 MHz for TDD [1].  The frequency separation that exists, in FDD Downlink and TDD operations in Band I, is not available in UMTS 2.6 GHz.  The spectrums for these two bands are summarized in Figure 1.
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Figure 1: Spectrum allocation for Band I and UMTS 2.6 GHz operations.
Given the differences in spectrum allocation between Band I and UMTS 2.6 GHz, and the advances in technology that have inevitably occurred over the intervening years, the specifications required for co-existence of FDD and TDD systems need to be studied.  This document details the way this should be done and some important considerations.
2 The wider implications of co-existence Investigation
This new study of FDD and TDD co-existence was initiated by the LS from CEPT PT1 requesting this for the 2.6GHz band. The requirement was that specifications should be developed to facilitate FDD and TDD co-existence minimizing guard bands. There are two WIs that will investigate this aspect one for FDD, [2] and one for TDD [3]. This in itself creates a problem in coordination because co-existence is achieved by specification on both sides, ACLR on the interferer side and ACS on the victim side. Consequently, the only feasible way to ensure some degree of coordination between these WIs is to investigate co-existence and associated specifications for a number of guard band options. This approach may be essential for other reasons.
The current study is motivated by spectrum regulation in Region 1. However, this spectrum is essentially available globally and indeed will be opened for 3G use earlier in other parts of the world such as Region 2. In Region 1 the proposal is that any necessary guard bands between FDD and TDD to enable economically viable co-existence should be taken from the TDD spectrum. 
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Figure 2: Spectrum allocation in Region 2

However, this will not be the case in elsewhere such as Region 2 for example since adjacent allocations are already owned by different operators. The current proposal for the 2.6GHz spectrum in Region 2 has the band divided into multiple adjacent blocks of 16.5MHz, as shown in Figure 2 that can be used paired for FDD or unpaired for TDD. Note as the FDD pairings may be difficult to establish because of current ownership, the use of TDD in a 16.5MHz block immediately adjacent to a FDD in the next 16.5MHz will occur.  The owners of this spectrum will look to the output of these WIs to assess whether UMTS technologies are deployable in this spectrum mindful of the fact that the studies were carried out with a will to minimize guard bands and hence the results represent the best performance achievable with UMTS. If the conclusion of either these WIs for any UMTS variant is that 10MHz or greater guard band is the minimum feasible separation for achievable equipment specifications that would effectively eliminate that technology from deployment in this band because these guard bands can only be taken from the available block and if that is the minimum of 16.5MHz then 2x20MHz cannot be accommodated. Even if blocks are concatenated, such a result will paint a poor picture of the overall spectral efficiency of the UMTS technologies.
Whilst RAN4 may currently only be concerned with Region 1 at present, elimination of a UMTS technology from the 2.6GHz spectrum in Region 2 reduces the value of that technology in Region 1 because roaming is not possible. Such results will certainly be used negatively by other technologies competing for this spectrum. They may claim to be able to work with this co-existence situation where UMTS clearly cannot if 10MHz guard bands are required.
On the other hand if separate specifications are subsequently developed for Region 2 that offer higher performance for reduced guard bands operators and regulators in Region 1 will want to know why this performance was not also achievable in Region 1 in the first instance.
So the recommendation is that a range of guard band options are studied in the WIs, for example 0MHz, 5MHz, 10MHz and if feasible specifications are proposed for these. Prior to the approval of these assumed guard band all draft specifications should be made over the frequency ranges that include the assumed guard band as a variable e.g. 2570MHz +/- assumed guard bands or 2620MHz +/- assumed guard bands.
3 Base Station Requirements
The ACLR and ACS and associated specifications (spurious, blocking) for Base Stations in UMTS 2.6 GHz must be studied for Node B to Node B coexistence primarily.  This document proposes that these are studied for the following range of guard bands:
· 0 MHz guard band between TDD and FDD Downlink and Uplink
· 5 MHz guard band between TDD and FDD Downlink and Uplink
· 10 MHz guard band between TDD and FDD Downlink and Uplink
Other guard band sizes consistent with the likely separation between systems in other regions such as Region 2; 1.5MHz and 3MHz could be considered within the scope of the same activity. 

The results of these investigations would provide the ACLR and ACS and associated specifications (spurious, blocking)  required for co-existence of these two systems, with different implemented guard bands, which will be determined on a national basis. If the specifications for more than one option are achievable these could be retained as alternatives selected according to the guard band implemented or more simply the lowest guard band option selected.
For all guard band options other than 0MHz generic solutions will be possible and therefore explicit specifications should be developed and recourse to site engineering solutions, which do not form part of the specifications and are therefore not tested in conformance testing, is not justified.  Even for 0MHz guard band, generic solutions may be feasible given the advances in technology that have inevitably occurred over the intervening years.
Finally, specifications must be drafted for all mandatory and optional parts of the Base Station standards with regard to FDD/TDD coexistence as this is the primary requirement from CEPT that this is assessed and guaranteed through specifications.

4 UE Requirements

This document proposes the same range of guard bands; 0 MHz, 5 MHz and 10 MHz are also studied.  Unlike the Base Station, the UE is capable of roaming and therefore it is difficult to implement different UE specifications for UEs operating in different geographical areas where different guard bands have been implemented. However, for UE to UE interference the problem is a probabilistic one and the solutions are more diverse for example, Dynamic Frequency Selection can be used to great effect for interference avoidance.  Consequently, the studies of a range of guard bands would provide a means to evaluate the most economical (in terms of equipment cost and guard band minimization) specifications for the UE and be of use in probabilistic studies.
5 Conclusion
This document highlighted the differences in spectrum allocation between Band I and UMTS 2.6 GHz and the need for a study of the Base Station and UE specifications for FDD and TDD co-existence operations.  It is proposed that co-existence studies are performed for FDD and TDD at 0 MHz, 5 MHz and 10 MHz guard bands at UMTS 2.6 GHz.
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