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Introduction

With the initiation of a new work item for Release 6 “Viable deployment of UTRA in additional and diverse spectrum arrangements” proposals are now being made for inclusion in the feasibility study report TR 25.889 [1].

In this contribution we outline the properties of UTRA HCR TDD that make it ideal for immediate deployment in the band 2500-2690MHz.

We also propose a higher chip rate version of the 3GPP TDD standard which satisfies many of the requirements for the envisaged future traffic in the band 2500-2690MHz. This is in line with the original plan for UMTS when several chip rates were envisaged.

Regulatory Background

In many parts of the world the 2500-2690MHz band has been earmarked for 3G.

In Europe the decision has been made in the CEPT to allocate this band to UMTS/IMT2000 and the ECC decision has been drafted by PT1 [2] and will come into force in July 2002. However, the decision on exactly how the band would be used has been deferred until 2004. The reason for this is so that this decision can be based on the commercial successes of the various UMTS/IMT2000 systems and services in the existing spectrum allocation.

However, in other parts of the world such as the US the band has already been allocated to 3G but 3G systems must work within the constraints of the existing rules and incumbents.

In the US this band is referred to as the MMDS/ITFS (Multipoint Microwave Distribution System/Instructional Fixed Television Service) and has been used by these services to a limited degree for some time now. The rules had already been changed to allow two way services when in September 2001 the FCC published a notice of proposed rulemaking [3] allowing the deployment of 3G systems and services in the band. However, this stated that there would be no re-allocation of the spectrum and thus 3G must work within the constraints of the existing rules. These were essentially a channelisation of the band into 6MHz channels which could be aggregated and regional licences based on broadcast regions.

The ITU have recently published a document [4] outlining seven possible scenarios for the usage of this spectrum. These are shown in Appendix A. These are essentially summarized as follows

1. FDD UL (internal), TDD, FDD DL (internal)

2. FDD UL (internal), FDD DL (external), FDD DL (internal)

3. FDD UL (internal), TDD, FDD DL (external), FDD DL (internal)

4. FDD DL (external), TDD

5. TDD, FDD DL (external)

6. TDD

7. FDD DL (external)

These scenarios will be more or less appropriate depending on the relative commercial successes of FDD and TDD systems and services in the existing spectrum allocation and hence will likely form the basis of the discussions in Europe in 2004.

Clearly there are three aspects to the suitability of FDD or TDD in this new band.

· Commercial successes of systems and services in the existing allocation

· Accommodation of spectral constraints that this new allocation will present

· Support of the envisaged traffic that will dominate services in this new allocation

Whilst we can only speculate as to the outcome of the first aspect the second and third are explored for TDD in the subsequent sections.

Accommodation of Spectral Constraints

Unlike FDD, TDD does not require paired spectrum. If FDD is to be deployed in this new band it will obviously require a either a different duplex spacing to that currently specified in the 3GPP FDD standard or a variable duplex spacing which is the subject of  [5]. The former is perhaps more appropriate for the “FDD(internal)” deployment whereas the latter will be required for “FDD (external)” deployment if the maximum benefit is to be gained from using a part of this new allocation as downlink only in association with the existing allocation. TDD on the other hand requires no modifications for this new band and indeed can be deployed now in parts of the world such as the US where the current regulations and licensing regimes are particularly restrictive.

In summary TDD can easily accommodate the spectral constraints in this new allocation without any modification.

Support of Envisaged Traffic

In many countries voice traffic over cellular will saturate soon and all of the additional growth on these networks will be accounted for by data traffic. Data traffic has two distinct qualities that set it apart from voice traffic which are

· It is highly asymmetric

· It is very bursty

The major motivation for the usage of part of this new allocation by FDD for downlink only in association with the existing allocation is to support the asymmetry that will arise as a result of the aggregation of voice and data traffic. Asymmetries from 2:1 to as high as 12:1 (downlink to uplink capacity) have been postulated [5]. Clearly the traffic over 3GPP systems and services will be asymmetric but this degree of asymmetry will change with time as the systems evolve and new services arise. The existing 3GPP TDD is uniquely positioned to accommodate this traffic asymmetry now and adapt as this asymmetry changes simply by changing the split of the resource between downlink and uplink timeslots. Indeed the extreme degrees of asymmetry could be accommodated. Dedicating part of this new allocation to FDD would not allow as flexible asymmetry because aside of discrete changes such as HSDPA once the allocation has been made the degree asymmetry cannot be changed. The result may be inefficient usage of the spectrum but admittedly this will only occur when the capacity of the band is reached.

The key to high performance in the transport of data traffic is high individual burst rates and efficient statistical multiplexing of multiple bursty data streams. High burst rates are necessary as these will dictate the perceived performance in the download of a web page for example. High burst rates can be delivered effectively with TDD as the entire resource or code space can be allocated to an individual user on the downlink. High burst rates are also desirable from a marketing perspective as they give attractive headline rates.

Efficient transport of bursty data streams such as web browsing sessions requires efficient statistical multiplexing. This in turn requires the largest number of such data streams being multiplexed onto the largest shared resource that is available. TDD has an extra dimension over FDD that assists in this multiplexing; that of time slotting. This dimension permits the minimal amount of resource to be dedicated and by implication the maximum amount to be shared. For example a users dedicated resource on the downlink may amount to a single code in a single timeslot every few frames and the remainder of the resource can be shared amongst all of the users.

This statistical multiplexing is assisted by being able to deliver traffic at the highest possible rate to a user even if this rate cannot be maintained throughout the cell area. Delivering traffic at the highest possible rate to a user gets them on an off the air as quickly as possible freeing up the resource for other users.

In summary TDD can easily support the envisaged traffic in the new allocation without modification.

Proposal for a Higher Chip Rate TDD

Whilst we have briefly illustrated why TDD is appropriate in this new band the previous discussion suggests that the performance of TDD could be further enhanced through an increase in chip rate and correspondingly channel bandwidth.

In the early days of the 3GPP standards formulation several chip rates were considered for the standard. Amongst these were 4Mcps, 8Mcps and 16Mcps. For harmonisation reasons 4Mcps was reduced to 3.84Mcps and was used as the standardised chip rate. One reason for selecting the lowest of these chip rates was so that the resulting channel bandwidth of 5MHz was such that a several licences for several different operators could be issued in the limited amount of allocated spectrum.

In this new allocation there is potentially 190MHz of spectrum available for some combination of FDD and TDD systems as detailed earlier. This is considerably more spectrum than with the current allocation for UMTS. In particular if we assume that the commercial success of TDD is such that it justifies part of the new allocation then anything from ~50MHz (ITU Scenario 3) to  ~200MHz  (ITU Scenario 6) may be allocated. This is from 2.5x to 10x the existing TDD allocation in Europe at 2GHz. Hence this particular constraint for limiting the chip rate does not exist in this new allocation. Therefore, a doubling of the chip rate can be supported.

This increased chip rate would enable twice the throughput for a Node-B. Aside of the obvious advantages of reducing the amount of hardware to utilise the spectrum this doubles the maximum burst rates and the amount of resource available for improved statistical multiplexing.

The 7.68Mcps standard would share a great deal in common with the existing 3.84Mcps standard. Frame and burst durations remain the same but consequently the data fields the mid-amble and the guard periods would consist of twice the number of chips and potentially twice the amount of data payload will be carried.

Both channelisation codes and scrambling codes remain the same across the two chip rates and the transport format toolbox is common.

Hence, the changes required are limited but this does require scoping to accurately define which parts of the standard this would affect.

Moreover, this 7.68Mbcps standard could operate easily operate under the umbrella of the 3.84Mcps standard by keeping both SCH channels PSC and SSC at 3.84Mcps and signalling the chip rate in the SSC. All other channels would be transmitted at 3.84Mcps or 7.68Mcps.

The general changes in propagation in moving from 2GHz to 2.5GHz and the impact of this on system link budget have been adequately covered in [5].

Increasing the chip rate also has an impact on the link budget because a higher chip rate and wider channel bandwidth gives improved diversity to be exploited in the detection process. However, this is likely to be marginal. Also if powers are kept constant and all rates are doubled there will obviously be a 3dB link budget penalty. However, there is nothing to prevent supporting the same rate at cell edge for both chip rates to equalise the cell sizes.

Conclusion

We have highlighted the attributes of TDD that make it ideal for deployment in the 2.50-2.69GHz band. We have shown that an enhanced version of the current TDD standard with a chip rate of 7.68Mcps and a channel bandwidth of 10MHz that could further exploit the potential of this new band is feasible and worthy of further consideration 

Proposal

We propose that a section be added to [5] identifying and detailing the options for TDD in the new 2500-2690MHz band.

We also propose that a section be added to [5] outlining and elaborating on the justification for and the design of new version of TDD with a chip rate of 7.68Mcps designed to fully exploit the potential of this new allocation.
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