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1
Background

At the meeting #23 of RAN WG4 held in Gyeongju, Korea, 13 -17 May, 2002, it was clarified that the scope of the Study Item “Feasibility Study considering the viable deployment of UTRA in additional and diverse spectrum arrangements” includes both UTRA modes FDD and TDD. However, this is not properly reflected in the current draft V1.0.0 of the corresponding Technical Report TR 25.889 as this draft is based on contributions to RAN WG4 focussing on the UTRA FDD mode only. RAN WG4 therefore agreed to add a new subclause 7.5 to the TR, with the intention that this subclause should cover the use of UTRA TDD in the 2500-2690 MHz band. In the current version V1.0.0 of the TR, this subclause is empty and serves as a placeholder only.

The present contribution proposes new text for this subclause dealing with both the 3.84 Mcps and the 1.28 Mcps TDD option. This new text includes considerations on traffic and spectrum development, enabling technologies, and coexistence issues and concludes that UTRA TDD represents a viable candidate for the use of any new spectrum identified for UMTS, including in particular the band 2500-2690 MHz.

2
Proposal

New text for subclause 7.5 of TR 25.889 is attached to the current contribution. It is proposed to approve this text and incorporate it into an updated version of TR 25.889.

Proposed new text for subclause 7.5 of TR 25.889

7.5
The use of UTRA TDD in the 2500-2690 MHz band

7.5.1
Introduction

Time Division Duplex (TDD) is a duplex technique where both downlink (DL) and uplink (UL) traffic share the same frequency carrier with separation in the time domain. In UTRA TDD, time is divided into a sequence of contiguous time frames with a fixed length of 10 ms. Each time frame is subdivided into a fixed number of time slots. Time slots can be assigned to carry either DL or UL traffic. By assigning different numbers of time slots for uplink and downlink, asymmetric capacity can be obtained in an easy and flexible way, as explained in the following subclauses.

Two options of UTRA TDD are defined in 3GPP, which are the 3,84 Mcps TDD option and the 1,28 Mcps TDD option. The number of time slots per frame and the achievable asymmetry ratios of both options differ slightly:

· The 3,84 Mcps TDD option is based on the use of 15 time slots per frame and allows DL:UL asymmetry ratios between 14:1 on one extreme and 2:13 on the other extreme [25.221].

· The 1,28 Mcps TDD option is based on the subdivision of each frame into two subframes with 7 time slots each (i. e. in total 14 time slots per frame), and allows DL:UL asymmetry ratios between 12:2 and 2:12[25.221].

Note that the DL:UL asymmetry ratios given above are calculated taking into account the number of available time slots only. Therefore, these asymmetry ratios are achievable by employing similar transmission technologies in DL and UL, as modulation format, coding scheme, etc., thus enabling a symmetrical link budget for all kind of services without the need for compromising coverage in favour of capacity.

7.5.2
Considerations on traffic and spectrum development

In its initial deployment phase, UMTS will use the UTRA core bands (1920-1980 MHz paired with 2110-2170 MHz for UTRA FDD, 1900-1920 MHz and 2010-2025 MHz for UTRA TDD). It is anticipated that services provided in this phase will mainly be the “classical” services provided by mobile systems exhibiting symmetric traffic flow, such as speech, simple data and messaging; the provision of advanced new multimedia services will account for a small fraction of the overall traffic only. In this phase, the assigned UTRA core bands will be sufficient and appropriate for carrying the traffic. Thus, capacity limitations will not be a major concern, but coverage limitations will still occur, and their elimination will be one of the main goals of system deployment. 

For the following phase, however, market forecasts indicate that multimedia traffic would significantly increase. Due to the expected characteristics of this traffic, this increase would not only lead to higher total traffic in general, but would also drive the DL:UL traffic asymmetry ratio from today’s 1:1 to higher values. As was already pointed out in subclause 7.1.1 of this TR, estimations were put forward proposing DL:UL ratios in a wide range from 2:1 up to 12:1. In this phase, operators will strife for increasing the capacity of their networks, in particular in the DL. The necessity for these capacity enhancements will mainly arise in limited areas such as city centers or hot spots like airports, railway stations or hotels; the achievement of an enlarged coverage will not be the main problem. As a consequence, the number of micro and pico cell deployments will constitute a significant part of all new installations.

In summary, this second phase will be characterised by two challenges:

- to cope with increasing total traffic combined with increasing asymmetry, but unknown DL:UL ratio;

- to provide solutions for the rising demand for micro and pico cell deployments.

In the following subclauses 7.5.2.1 and 7.5.2.2, it will be shown that UTRA TDD deployed in the new frequency band 2500-2690 MHz is well suited to provide the required solutions.

7.5.2.1
Traffic asymmetry


Although it is generally understood that the DL/UL characteristics of future traffic will be different from today’s symmetry, it is by no means clear what the exact requirements with respect to DL:UL ratio will be. It has rather to be assumed that the asymmetry will change with time, depending on the availability of new services. In addition, the asymmetry may also vary from area to area; within some areas, for instance at sights with a large number of tourists sending pictures or video clips via UMTS, the UL traffic may even exceed the DL traffic. Therefore, it is required that any decision on the use of additional UMTS spectrum has to be taken with great care, to avoid inflexible solutions without the possibility to adapt to changing demands.

UTRA TDD is perfectly suited to cope with this unclear traffic developments because it is capable of handling a wide range of DL:UL asymmetry values within a given single frequency channel; the exact numbers are dependent on the TDD option chosen and are given above. Most importantly, the actual asymmetry value to be provided by UTRA TDD can be changed with time or from area to area if the traffic characteristics demand so, without any changes required with respect to frequency arrangements. Therefore, there is no need for guessing future asymmetry ratios at an early stage and no penalty to be paid for any false estimation of future traffic developments.

Another advantage when applying UTRA TDD in a new frequency band is given by the fact that these bands can be used autonomously because it requires only single unpaired pieces of spectrum for proper operation. If, for example, the band 2500-2690 MHz will be made available to UMTS, it may be required to provide adequate spectrum not only to already established operators, but also to new operators which do not have a license for using the core band. In this case, it is required that the frequency allocation for new operators is done in an autonomous way, i.e. based on the new frequency band only, without the need for re-working the existing spectrum arrangements in the core band. An autonomous frequency allocation may also be to the advantage of an established operator because it does not require to adjust or even disrupt a running system. 
7.5.2.2
Deployment of UTRA TDD systems

Basic radio propagation effects such as path loss or penetration loss are dependent on the frequency of the signal under consideration, but independent from the detailed characteristics of this signal. Therefore, the discussion of propagation aspects for the 2.5 GHz band in subclause 7.1.2.1 of this TR is equally applicable for UTRA TDD when operated in this band. In particular, also UTRA TDD will experience an increased path loss compared to the operation at the UMTS core band. Depending on which of the two UMTS core bands for TDD is considered as reference for comparison, the increase of path loss calculated according to the equation given in 7.1.2.1 is in the range from 3.1 dB (for reference frequency equal to 2025 MHz) to 4 dB (for reference frequency equal to 1900 MHz). Taking into account additional cable losses, the increase of path loss may reach values in the order of 4.5 dB.

In UTRA TDD, this increase of path loss will affect both DL and UL in the same way, as DL and UL transmissions takes place on the same carrier frequency; thus retaining the symmetry of the link budget. As a consequence, the use of the 2.5 GHz band will mainly result in smaller cell sizes assuming a constant output power, but no changes in available traffic capacities.

The reduction of achievable cell sizes may be roughly estimated assuming an increase in path loss of 4.5 dB and a simple propagation law with exponent 3.5. With these assumptions, the achievable cell size will decrease to 75% of the value for the UMTS core band. This reduction should pose no problem with regard to the anticipated demand for micro and pico cells in the second phase of the UMTS deployment.

7.5.3
Enabling technologies

As was mentioned above, UTRA TDD may be employed in the band 2500-2690 MHz (as in every other new band) without the need for introducing new and advanced technology concepts. Therefore, the implementation of UTRA TDD in this band will be straightforward and does not rely on the development and application of new and possibly unproven concepts. The only new technology required is related to the RF frontends in the transmitter and the receiver of both the UE and the Node B which has to be capable of operating in the new band 2500-2690 MHz. As this band is not significantly higher than the UMTS core band, it may be safely assumed that UE and Node B vendors will face no major difficulties in providing the required components.

7.5.4
New coexistence issues

In principle, UTRA TDD may be used in the new frequency band 2500-2690 MHz in one of the following spectrum partitionings:

· TDD only

· TDD and FDD UL side by side (not considered as preferred option in [3])

· TDD and FDD DL side by side

· TDD and FDD UL+DL, with TDD within the duplex gap of FDD

Coexistence and compatibility problems associated with the first and the second spectrum arrangement given above do equally exist in the UMTS core band, as the core band contains frequency blocks designated to UTRA TDD only (first arrangement) and also contains a border frequency where UTRA TDD on one side adjoins UTRA FDD UL on the other side (1920 MHz). Both cases have been subject to intensive studies within 3GPP, and requirements for coexistence have been formulated and introduced into the relevant 3GPP specifications.

The third and fourth arrangement given above include coexistence issues at a border frequency with TDD on one side and FDD DL on the other side. In this arrangement, the following basic interference scenarios exist:

· Interference to FDD UE caused by TDD UE

· Interference to FDD UE caused by TDD BS

· Interference to TDD UE caused by FDD BS

· Interference to TDD BS caused by FDD BS

This arrangement is not encountered in the UMTS core band and therefore has not been studied extensively within 3GPP up to now. However, work on this arrangement has been done in other bodies, in particular by ITU-R WP 8F which has approved a Draft New Report on the coexistence between IMT-2000 TDD and FDD radio interface technologies operating in adjacent bands and in the same geographical area [IMT.COEXT]. This Report provides an analysis and presents results for a number of scenarios including the ones given above.

Without going into much detail, the general conclusions from [IMT.COEXT] may be summarized as follows:

· Interference scenarios including UE (BS to UE, UE to BS, UE to UE):
The results achieved in the Report under some general assumptions suggest that interference will have a small or negligible impact on the capacity when averaged over the system; however, further studies are needed to assess UE to UE interference in hot spot areas where one UE might create severe interference to another close mobile.

· BS to BS interference scenario:
Potential interference problems come from the basic fact that DL transmitters are geographically and spectrally close to sensitive UL receivers, regardless of involved duplex method.

Applying these general conclusions to the “new” arrangement with TDD beneath FDD DL, it follows that the most critical scenario is the interference from FDD BS to TDD BS. Required isolation values for this scenario assuming both BS-BS in proximity and BS-BS co-location are calculated in [IMT.COEXT].

Specific deployment solutions are needed to achieve these values; otherwise, coverage and capacity would be severely degraded. Possible solutions which may be applied alone or in combination include [IMT.COEXT]:

· Appropriate guard bands, to allow for flexibility of deployment

· High performance RF filters at both transmitter and receiver side

· Multi-system co-planning, in order to locate BS far from all victim BS. In case of multiple operators, this would require co-operation between competitors.

· Low power operation of systems, thus reducing interference, but also reducing coverage and flexibility of deployment.

The application of these solutions will strongly benefit from a well-defined spectrum arrangement, i.e. a fixed frequency border between TDD and FDD allocations.

In addition, further mitigation techniques such as site engineering or adaptive antennas may help to reduce the impact of interference and facilitate coexistence; however, the improvement potential of these techniques requires further study.

7.5.5
Summary and conclusions

In the light of the discussions above, UTRA TDD represents a viable candidate for the use of any new spectrum identified for UMTS, including the band 2500-2690 MHz, due to the following reasons:

· UTRA TDD is capable of handling a wide range of DL:UL asymmetry value. The actual asymmetry value can be changed in time or from area to area if the traffic characteristics demand so, without any changes needed with respect to frequency allocations.

· UTRA TDD allows an autonomous frequency allocation to new operators, without the need for re-working the spectrum arrangements in the core bands.

· The use of UTRA TDD in new spectrum is straightforward and does not rely on the development and implementation of new concepts. 

· The higher pathloss experienced at 2.5 GHz band when compared to the operation in the UMTS core band does not change the symmetric link balance. Assuming that frequencies outside of the UMTS core band will mainly be used for capacity enhancements (and not for an increase in coverage), the higher path loss will practically have no negative system impact.

In summary, it becomes obvious that UTRA TDD is one of the suitable candidates to be used within all or least a significant part of the band 2500 to 2690 MHz as unpaired band for use by the UTRA TDD mode. The assignment as unpaired band is considered an essential step towards the most flexible and effective use of the identified spectrum, providing maximum traffic capacity to operators. In case, the band is assigned to both TDD and FDD, it is recommended to define a clear spectrum arrangement to allow for an efficient implementation of solutions combating BS to BS interference problems.

7.5.6
Outlook

Although some of the general trends of traffic and spectrum development may be understood, there is still considerable uncertainty on the detailed market development. Therefore, regulators will decide on the use of additional spectrum for UMTS not until actual market demand will become clearer. CEPT ECC, for example, has stated in its Draft Decision on the designation of frequency band 2500 – 2690 MHz for UMTS/IMT-2000 [ECC/DEC/(02)FF], that the “detailed spectrum arrangements for the band 2500-2690 MHz will be decided by the end of year 2004”. Furthermore, the draft states that “the frequency band 2500 – 2690 MHz should be made available for use by UMTS/IMT-2000 systems by 1 January 2008, subject to market demand and national licensing schemes”.
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