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Introduction

In the RAN1 AdHoc on LTE held in Sophia-Antipolis, the different concept proposals for the E-UTRA multiple access were elaborated with corresponding text proposals included in [1]. At the moment in the description of these concepts the operation in paired and unpaired spectrum is not explicitly addressed, which leaves relatively unclear whether these concepts on their own allow operating in the two different types of spectrum arrangements. The purpose of this contribution is to outline this important issue and propose a way forward.
Discussion

1. General

At the present time, most mobile networks operate in frequency bands that are harmonised on at least a regional basis. These bandplans have generally sought to harmonise symmetrical paired bands for FDD. Any spectrum that cannot be paired (because of asymmetrical allocations or duplex gaps) is termed unpaired; however, it can still be used for FDD, in conjunction with another band. 
In the 2GHz IMT-2000 band, the unpaired spectrum which represents a substantial portion of the spectrum licenced to operators around the world cannot be used in a flexible and efficient way because of the large differences between the TDD and FDD modes. This waste of spectrum resources is a lesson that operators have learnt and now obviously for E-UTRA we naturally want to be able to make a better use of our spectrum.
Within the lifetime of E-UTRA, it is likely that extra spectrum will be needed for mobile networks. However, it is becoming increasingly difficult to find paired spectrum. It is therefore desirable for E-UTRA to be able to support the existing paired and unpaired bands, and also future spectrum that may be less harmonised.
There have been already many discussions in the joint RAN WGs on LTE on the paired and unpaired spectrum aspects of E-UTRA. As a result, the following requirement was agreed in [2]:
“Unnecessary fragmentation of technologies for paired and unpaired band operation shall be avoided. This shall be achieved with minimal additional complexity.”

From an operator point of view, it is obvious that in order to reduce the cost of deploying E-UTRA in paired and unpaired bands it is necessary that the same core technology is used, otherwise it is very likely that E-UTRA would be deployed in either paired or unpaired spectrum but not both as is largely the case for UTRA.
2. Alternatives
There are a number of alternatives that could be considered in terms of duplexing scheme in order to allow E-UTRA to operate in both paired and unpaired spectrum using the same technology:

· Alt. 1: single duplexing scheme: full duplex FDD (with variable duplexing).
· Alt. 2: single duplexing scheme: TDD.
· Alt. 3: single duplexing scheme: half duplex FDD.

· Alt. 4: full duplex FDD (paired spectrum) + TDD (unpaired spectrum).

· Alt. 5: half duplex FDD (paired spectrum) + TDD (unpaired spectrum).
· Alt 6: half duplex FDD + full duplex FDD (paired spectrum) + TDD (unpaired spectrum).
It should be clarified which of these alternatives is assumed for each of the concepts described in [1]. 
Alternative 1 appears to be a very straightforward approach; however it might not allow all operators to exploit easily the unpaired spectrum. If TDD support proves to be indispensable to exploit unpaired spectrum, then Alternatives 4-6 should be investigated. The support of half duplex FDD may have advantages in order to ease the design of a common physical layer between FDD and TDD and also to reduce complexity for terminals supporting multiple frequency bands, because the duplexing arrangements for half duplex are generally simpler than for full duplex.
In case both TDD and FDD are used in E-UTRA the differences in the physical layer should be kept to the absolute minimum necessary, it should be investigated during the study item how this can be achieved.
3. Proposal
Vodafone, T-Mobile, TeliaSonera, and Telefonica would like to propose that for each concept the way the support of the operation in both paired and unpaired bands is handled would be clarified. It would be appropriate to document this for each concept in the RAN1 TR in order to avoid confusion on this topic. The ability of the concept to support the operation in both types of spectrum arrangements should be considered as part of the selection of the multiple access scheme.
Our current assumption is that one single technology should be developed to support the deployment of E-UTRA in both paired and unpaired spectrum. In other words in the case both FDD and TDD would be required, the difference in the specifications should be the mimimum necessary for the support of the different frequency arrangements. In principle there should not be any need to have any FDD or TDD specific development for the different radio features specified in E-UTRA.
Conclusion

In order to have adequate flexibility to exploit the spectrum resources, it is essential that the E-UTRA will support the operation in both paired and unpaired spectrum. To facilitate understanding on how the RAN LTE requirement: 

“Unnecessary fragmentation of technologies for paired and unpaired band operation shall be avoided. This shall be achieved with minimal additional complexity.” 

is met, we would like to encourage the proponents of the different concepts to clarify the flexibility of operation in paired and unpaired spectrum.
Reference

[1] TR 25.814, “Physical Layer Aspects for Evolved UTRA”.
[2] TR 25.913, “Requirements for Evolved UTRA and UTRAN”.

3GPP


