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1 Introduction
During 2006 and 2007, 3GPP has been carrying out work on MBMS enhancements, especially in the area of improving spectral efficiency via MBSFN techniques at the physical layer.
This drive to improve performance arises as the result of a natural desire from operators and regulators to maximise usage of available spectrum assets and from both a vendor and operator perspective, to improve the global competitiveness of 3GPP technologies.
During that time, 3GPP has arrived at 3 solutions for which 3 separate work items were created:

· HCR TDD MBSFN (including a downlink-only mode of operation)

· LCR TDD MBSFN

· FDD DL-only MBSFN
A rather more recent / late proposal has also been received entitled “DOB”.  The purpose of this proposal to enable operation of the FDD DL-only MBSFN solution in unpaired spectrum, previously usable within 3GPP for the use of UTRA TDD technology.
However, despite the fact that the FDD MBMS work item commenced more than 6 months ago in December 2006, progress has been relatively sedate (current completion level of 10% as reported to RAN #36).  In this document we address some of the spectrum issues of relevance to RAN WG4 and suggest proposals to ensure adequate spectral efficiency is secured for FDD MBSFN.

2 Background
Rising interest in mobile TV applications within the cellular industry leads to an interesting situation in terms of spectrum usage and applicability which (it is believed) has not yet been fully considered at a holistic level within 3GPP.
For the dedicated broadcast carrier, spectrum can not be strictly categorised as “FDD” or as “TDD” – as indeed is noted within [1].  This is because no duplex (time or frequency) of the broadcast carrier is necessary.  Unicast traffic (UL/DL) to handle communications with the BMSC may exist via a separate FDD or TDD radio link as noted within [2].  Note that because the BMSC lies beyond the RAN, this is further not restricted to any particular access technology (i.e. UTRA) but instead may take the form of 2G and also non-3GPP technologies.  Thus, the carrier is truly for use by DL only (no allowed UL), has no designated pairing and is utilised for broadcast, independent of the radio access solution for unicast communication with the BMSC.
The TDD MBSFN solutions already conform with the unpaired attribute.  Conversely however, the current FDD MBSFN solution does not conform to the unpaired attribute; due to the pairing of these DL carriers, an entire FDD uplink carrier is wasted for every carrier assigned to FDD DL-only MBSFN.
The FDD DL-only MBSFN solution in Rel-7 is therefore less efficient than would normally be hoped for.  It does not maximise the competitiveness of 3GPP technologies (spectral efficiency is at-least halved) and does not provide operators with the desired maximal utilisation of spectrum assets.
One solution is simply to not use paired spectrum for dedicated MBSFN (in which case we note that the FDD MBSFN work item is not required).  Solutions for MBSFN in unpaired spectrum already exist in the form of TDD MBSFN.  A more recent proposal entitled “DOB” (under a separate work item from the FDD MBSFN WI) suggests operation of yet a further/alternative waveform solution derived directly from the FDD DL-only MBSFN solution, except in this instance operable in unpaired spectrum.  As for the TDD MBSFN solutions, this does avoid the wastage of associated FDD uplink resources but in its current form, unfortunately introduces confusion regarding whether or not this solution is “FDD” or “TDD”.  It is observed that from a RAN1 (and we assume RAN4) perspective, DOB would be classified as “TDD” (to provide the intended access to unpaired spectrum) whereas from both RAN2 and RAN3 perspectives, the solution is categorised broadly as “FDD”.  There is not a therefore a consistent “thread” of specification for DOB.
As an example, consider a deployment of (the FDD variant of) WCDMA MBSFN in the IMT-2000 extension band centre-gap.  This could be achieved in one of two ways, DOB or FDD DL-only.
Therefore it is unclear whether from a RAN4 perspective, such a deployment would constitute DOB “TDD” operation (DOB WI) or DL-only “FDD” operation (FDD MBMS WI).  Our understanding is that conceptually the solution is identical.  However, should the principle of DOB be accepted, it would appear that there would then be two completely-separate methods of specifying the same feature under different work items.  The two specification threads would co-exist simultaneously within the specifications.  Such duplication and confusion is something that we assume is to be avoided in 3GPP.
If the solution was categorised as FDD DL-only, then even for bands other than TDD band (d), this could be achieved via a band reassignment in RAN4 and DOB-like CRs to RAN1, RAN2 and RAN3 would not be required.  This would also ensure that only a single specification thread was introduced for this feature (instead of two duplicate threads).  Thus, the above-mentioned confusion could be avoided.  The use of WCDMA for MBSFN in unpaired spectrum therefore sits more naturally under the FDD MBSFN work item and this aspect should therefore be considered as part of that work.
So this is one solution – to consider existing unpaired spectrum assignments for broadcast.  However, there are in fact other ways to address the spectrum efficiency problem for FDD MBSFN and we elaborate on these further in section 3.
3 Efficiency Improvements for FDD MBSFN
In order to improve the spectral efficiency of FDD DL-only MBSFN it is clear that the associated/paired uplink carriers need to be reused to bring about a rather more satisfactory spectral efficiency.
Take for example the current FDD DL bands I and VII.  By deploying MBSFN DL-only in an uncoordinated fashion, we also puncture the associated UL carriers in an uncoordinated fashion due to the fixed duplex separations.  It becomes difficult to reuse these carriers unless they are for UL-only purposes yet demand and hence technology for such UL-only services has not currently materialised.
However, by assigning either the upper or lower frequencies of the FDD DL to MBSFN in a contiguous fashion, we release a contiguous block of UL carriers.  For both band I and band VII, the released FDD UL can be arranged to form a contiguous block adjacent to the unpaired bands and/or to reduce the effective guard band taken from the unpaired allocation.  This situation is shown in Figure 1.  Advantageously, it can be seen that broadcast and unicast operation may be flexibly mixed within the extension band (noting that the size of the guard bands between FDD and TDD are not standardised and may be decided on a country-by-country basis).  Increases in the number of assigned DL-only carriers from the “paired” band is no-longer associated with uplink carrier wastage and is instead used to increase the size of the unpaired allocation for TDD technologies.  It would appear possible that for an even larger assignment of carriers to broadcast (e.g. >3), some FDD UL carriers within the 2500-2570MHz region could become available for use by TDD.  Such an observation is also made in [3].  A preliminary analysis suggests that this is a technically feasible solution.
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Figure 1
Similar could in theory also be possible in band I by assigning the lower FDD DL carrier frequencies to broadcast DL-only operation.  Released resources could be used to extend the usable resources for TDD in the band commencing at 1900MHz.
It should be noted that a further advantage of these broadcast allocations is that coexistence of MBSFN receive and unicast transmit functions is easy to ensure due to the large frequency separation between the two carriers.

Another option of-course is to use the 2.6GHz centre-gap for broadcast (DL-only) purposes.  Two designations for the centre-gap currently exist, “unpaired” and “FDD DL external”.  When treating the designation as “unpaired” this already allows for the use of the TDD MBSFN solutions.  However, in the case that the centre-gap is considered in this instance as “FDD DL-external”, it is important that spectrum usage is maximised and that any associated uplink resources are released for use by unpaired (e.g. TDD) technologies.  This situation is shown in Figure 2.  Thus, from this perspective, the need for external pairing of the centre-gap becomes redundant if the spectrum is to be used for broadcast (it becomes identical to the ‘unpaired’ designation).
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Figure 2
4 Conclusions
Specification of MBSFN in FDD paired bands without considering reuse of the associated unused uplink spectrum is not an efficient use of spectrum.  Some examples showing how this problem with overall spectrum efficiency may be overcome have been shown for the cases in which FDD DL spectrum is used for MBSFN broadcast purposes.
In such instances, the paired designation of the FDD DL spectrum is removed and previously-associated uplink carriers also become unpaired.  By considering a contiguous allocation of broadcast carriers, the released FDD uplink carriers may be used by unpaired (e.g. TDD) technologies and the wastage of spectrum resource associated with FDD MBSFN is avoided.
The previously-paired DL carrier is clearly no-longer paired and it would seem that regulatory bodies are already considering the sale of spectrum within the 2620-2690MHz band as “unpaired”.  Nonetheless, whether FDD DL bands are considered as paired or not, it would seem that all dedicated carrier UTRA MBSFN technologies could also be applied to that spectrum and this should be considered within RAN WG4.

Specifically for the ongoing FDD MBSFN work item we recommend that RAN WG4:

· Discusses methods for avoiding the loss of uplink spectral resources paired with the FDD DL MBSFN carrier (e.g. as have been outlined in this document)
· Discusses the applicability of FDD downlink MBSFN to unpaired spectrum to avoid the FDD/TDD confusion and duplication introduced by DOB
· Investigates the changes that would be required in the WG4 specifications to accommodate assignment of current FDD UL bands for unpaired use
· Investigates any necessary changes to the WG4 specifications to accommodate assignment of current FDD DL bands as “unpaired-broadcast”
It is suggested that the above is also taken into account when communicating with any relevant regulatory bodies on MBSFN-related issues.

Finally, it is noted that much of the above may be equally applicable to dedicated carrier eMBMS.
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