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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

The present document summarises results from the feasibility study of Viable Deployment of UTRA in Additional and Diverse Spectrum Arrangements. The spectrum arrangements include bands defined at ITU-R WRC-2000 as well as the present bands I, II and II.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[<seq>]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

[1]
3GPP TR 41.001: "GSM Release specifications".

[2]
3GPP TR 21 912 (V3.1.0): "Example 2, using fixed text".
[3]
3GPP TS 25.331 v 3.9.0 (2001-12)“Radio Resource Control (RRC); Protocol Specification (Release 1999)”
[4]
R2-011087 Proposed CR 776 on Missing UARFCN uplink info, Nokia.
[5]
R2-011511 Approved Report of the 21st TSG-RAN WG2 meeting, Secretary.
[6]
3GPP TS 25.101 v 3.9.0 (2001-12) “UE Radio Transmission and Reception (FDD) (Release 1999)”
[7]
3GPP TS 25.104 v 3.9.0 (2001-12) “UTRA (BS) FDD; Radio transmission and Reception (Release 1999)”
[8]
ITU-R 8F/489, “REPORT OF THE SIXTH MEETING OF WORKING PARTY 8F (Tokyo, 10-16 October 2001)”; ATTACHMENT 8.2, “Working document on preferred options for frequency arrangements for IMT-2000 systems in bands identified by WARC-92 and WRC-2000”
3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Subclause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the [following] terms and definitions [given in ... and the following] apply.

Definition format

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

Abbreviation format

<ACRONYM>
<Explanation>

4
Background and Introduction

The present 3GPP specifications cover the IMT-2000 2 GHz band (Band I and II), in accordance with ITU-R Radio Regulations Article S5 Footnote S5.388, in R99 and Rel4 and the work is continuing with  the UMTS1900 Band II improvements and UMTS 1800 Band III.

ITU-R WRC-2000 identified additional extension bands for IMT-2000 that requires further studies for the subsequent future deployment of UTRA in the whole or parts of the bands as indicated below:

· 806 - 960 MHz (The whole band 806 - 960 MHz is not identified on a global basis for IMT-2000 due to variation in the primary Mobile Service allocation across the three ITU Regions)

· 1710 - 1885 MHz, where the work is progressing under UMTS1800 WI.

· 2500 - 2690 MHz (In ITU Region 1 the bands 2500 - 2520 MHz and 2670 - 2690 MHz is also allocated on a co-primary basis to the Mobile Satellite Service subject to market demand)

4.1
Scope and Objective of work

The viable deployment of UTRA in additional and diverse spectrum arrangements should be assessed, including

· Duplex spacing arrangements other than for Bands I, II and III.

· Arbitrary selectable or variable duplex spacing methods

· Use of asymmetric spectrum arrangements considering the need for additional downlink traffic capacity

· Terminal capabilities and signalling

· Possible interface impacts

Spectrum bands to study in an initial phase are

Present bands:

· 1920 - 1980 / 2110 – 2170
Band I (core band)

· 1850 - 1910 / 1930 – 1990
Band II (PCS1900 band)

· 1710 - 1785 / 1805 – 1880
Band III (GSM1800 band)

Implementations to study for new bands and combinations of bands:

(1)
1710 - 1770 / 2110 - 2170 MHz

(2a)
1710 - 1800 / 2110 - 2200 MHz

(2b)
1920 - 2010 / 2110 - 2200 MHz

[(3)
1755 - 1795 / 2110 - 2150 MHz ]

(4)
2500 - 2690 MHz:

(Alt A) 
Entire band as additional DL to other bands used for technologies within scope & objective of 3GPP.

(Alt B)
DL and UL in this band.

(Alt C)
DL and UL in this band, and additional DL to other bands used for technologies within scope & objective of 3GPP.

The technology study should describe a possible technical implementation of a Variable Duplex technology (VDT)solution to satisfy the addressed new spectrum arrangements but also considering the existing spectrum arrangements.

5
Description of the spectrum arrangements

6
Enabling technologies for operation in the new bands

6.1 Variable duplex technology

Variable Duplex technology (VDT) is used to support different transmit-receive frequency separations in a terminal, in order to efficiently support spectrum allocations in different countries or geographical regions.

6.1.1
Status for Variable Duplex Spacing in 3GPP specifications

The terminology VDT has not been used in 3GPP, but several technical specifications allow the usage of VDT. Mainly affected are the specifications in RAN WG2 regarding the signalling and RAN WG4 regarding the Radio Transmission and Reception, but also test specifications in TSG-T1. In TSG-RAN there is also a study item " Feasibility Study considering the viable deployment of UTRA in additional and diverse spectrum arrangements " which is described in RP-010718.

6.1.1.1
Variable duplex distance solution in RAN2

Affected specifications in RAN WG2 are 3GPP TS 25.306 and 25.331. TS 25.306 specify the Tx/Rx frequency separation for FDD UEs operating in the UMTS core band as a UE Radio Access Capability.

For common channels, in the Rel'99 of UMTS 3GPP specifications there is (for “Band a”) only one assumed duplex distance of 190 MHz. This means that currently a Rel'99 UE for all frequency bands assumes an UL frequency that is 190 MHz below than the DL frequency. For dedicated channels variable duplex distance is supported. The UE is capable to support variable duplex distance according to its UE Radio Access Capability (see TS 25.306). 

However, for common channels variable duplex distance is currently not supported. When a UE sends its first access to a UMTS network, the UE will after it has found a cell on a certain DL frequency, read the system information sent in that cell. This system information will give the channel parameters for the UL random access channel in system information block (SIB) number 5 (see TS 25.331 [3] section 8.1.1.6.5). SIB 5 contain all configuration for common channels, both UL and DL. It should be noted that UL frequency is not included in the random access channel parameters. The UE will then send an access attempt on an UL frequency that is 190 MHz below the DL frequency that the UE have been using to read system information.

For some regions in the world it has been discussed to use new non-Rel'99 frequency bands for UTMS, where the DL frequency is the same as in Rel'99 but the UL frequency is different from Rel'99 (option 4 and 5 in the Appendix).

Since, a Rel'99 UE always assumes that the UL frequency is 190 MHz less than the DL frequency, there is a risk that a Rel'99 UE transmits on an UL frequency that is erroneous according to the assigned band. This can happen if this new non Rel'99 frequency allocation is introduced and the Rel'99 UE enters such a network.

First it should be noted that since this new non-Rel'99 frequency bands, as outlined in the problem above, does not exist yet, there is no solution implemented in any 3GPP specification. A solution will only be implemented when the situation with these new non-Rel'99 frequency bands exists.

Solutions were discussed at 3GPP RAN2 meeting #21 related to document R2-011087 [4]. The discussions are captured in the minutes in R2-011511 [5].

A possible solution could in short be described as; that SIB 5 will only be used in networks where the default duplex distance of 190 MHz is used. In a network where another duplex distance is used a new SIB 5 should be introduced "SIB 5 bis". This "SIB 5 bis" should be sent instead of the Rel'99 SIB 5 and may then also contain the UL frequency.

According to the current specifications a Rel'99 UE that enters a network (e.g. cell) that do not send SIB 5 will be barred from access (see TS 25.331 [3] section 8.1.1.5). The UE will not be able to transmit on the UL neither for normal access nor emergency calls. This is also the desired behaviour since, the UE do not have the correct duplex distance needed.

This means that sending "SIB 5 bis" will result in that only UEs that understand this new SIB can access that network. This will then potentially be captured in a future Release of the 3GPP specifications when the non-Rel'99 frequency bands are introduced.
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Figure 6.1. Possible solution for VDT in RAN2 specifications.

Hence, there is no risk that old UEs transmit in on the wrong UL frequency, and there are possibilities to safely introduce new frequencies for common channels in the future.

6.1.1.2
Variable duplex distance solution in RAN4

In TS 25.101 [6] (see section 5.3) the TX-RX frequency separation is specified for fixed separation of 190 MHz and 80 MHz depending on the frequency band. Further it states that UTRA/FDD can support both fixed and variable transmit to receive frequency separation. And it also states that the use of other transmit to receive frequency separations in existing or other frequency bands shall not be precluded. Similar text can be found in TS 25.104 [7] regarding the Base Station.

When other frequency arrangements are introduced in 3GPP this section would be updated to list the TX-RX frequency separation for those frequency arrangements. Depending on the frequency arrangements there would also be other additions to RAN WG4 specifications, including that section 5.2 in 3GPP TS 25.101 [6] would be expanded by the relevant frequency bands.

6.1.2
Scenarios using VDT or several fixed duplex distances

Document 8F/489 [8] lists several band pairing options in 1710-2200 MHz. Each option can use fixed duplex separation: 

1)
Mobile transmit band 1 920-1 980 MHz, paired with the global base transmit band 2 110-2 170 MHz, with a 190 MHz duplex separation - some countries may wish to implement part of the band.

2)
Mobile transmit band 1 710-1 785 MHz, paired with a base transmit band 1 805-1 880 MHz, consistent with a duplex separation of 95 MHz (aligned with GSM1800 band plan). For countries having implemented option 3, the upper edge for the mobile transmit band is 1 755 MHz and for the base transmit band is 1 850 MHz.

3)
Mobile transmit band 1 850-1 910 MHz, paired with a base transmit band 1 930-1 990 MHz, consistent with a duplex separation of 80 MHz (aligned with PCS1900 band plan).

4)
Mobile transmit band 1 755-[1 805] MHz , paired with the global base transmit band 2 110-[2 160] MHz, with a 355 MHz duplex separation.

5)
Mobile transmit band 1 710-1 770 MHz, paired with the global base transmit band 2 110﷓2 170 MHz, consistent with a duplex separation of 400 MHz.

The UMTS core band is according to option 1 with 190 MHz fixed duplex separation as specified in 3GPP.  Since not all options will be available in every region there will be a need to support more than one option in one terminal. Based on the assumption that the UMTS core band will be used in several regions and will be available first on the market. One scenario is to combine option 1 with one or several other options. The following scenarios have been chosen for further evaluation:

· Options 1 + 5 (+4)

· Options 1 + 2

The combination Options 1 + 3 has similar design impacts as Options 1 + 2.  

6.1.3
Typical Implementation

Any of the proposed additional bands to the existing UMTS core band (Option 1) will require variable duplex separation.  The addition of variable duplex itself does not add much to the transceiver complexity in relation to the RF filter complexity. The filter complexity is further aggravated when the duplex gap is reduced.

· Options 1+5 (+4): 

Adding  Option 5 leaves the core RX band untouched, so the complete receiver can be reused. The added TX band is at a larger duplex gap making it relatively straightforward to implement. A typical implementation is shown in Figure 2. The duplex filter in Figure 2 is a new component, but it can be based on existing technology. This component can be available to the market in a 1 year timeframe. Adding Option 4 is very similar and already indicated in Figure 2. 
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Figure 1. Typical implementation for Option 1+5.

· Options 1+2: This combination will require 2 duplexers with very different requirements. The duplexer for Option 2  has a much smaller duplex gap compared to  Option 1. This will result in a significant larger duplexer. Two complete receivers are needed for this combination. The general transceiver requirements from GSM 1800 are different, so reuse of GSM 1800 RF components for UMTS on 1800 is not possible.

Note: The coexistence of Option 2 with the PCS1900 band is an open issue. The closeness of the bands will further complicate the RF filter requirements and/or require large guard bands.

6.1.4
VDT Conclusion

Reusing the core RX band and adding one or several TX bands at a sufficient large duplex distance will permit small and competitive handsets. This also allows efficient use of spectrum. VDT is a necessary and manageable step to achieve this. 
6.1.5 Open issues
At RAN4#21, there were a few comments on the VDT proposal pointing out open issues in the area:
· How can VDT address the requirement for the 2500 MHz band?
· Does this proposal require that all terminals support this new type of duplexer?
· What is the performance specification for such a duplexer?

· How does the proposal shown in the example affect the Tx power and Rx sensitivity performance requirements for  existing specification due to the additional duplexer and filter arrangements.
6.2. …

7.
Viable implementations of spectrum arrangements
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