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Introduction

A new report was created at RAN4#20 for the Release 6 work item “Viable deployment of UTRA in additional and diverse spectrum arrangements”. The report is a feasibility study with the scope of looking at new duplex spacing schemes than the ones used in Band 1, II and III including arbitrary selectable or variable duplex spacing methods.

This contribution focuses on requirements arising from frequency arrangement flexibility and the feasibility of the variable duplex technology for IMT-2000. It suggests the possible use of more than one band-pairing option, including aspects of Variable Duplex Technology (VDT). 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. 

It is proposed to include the findings in this contribution in the Feasibility Study.

1 The  Variable Duplex Technology (VDT)principle

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.

2 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.

2.1 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 [1] 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 [2]. The discussions are captured in the minutes in R2-011511 [3].

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 [1] 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 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.

2.2
Variable duplex distance solution in RAN4

In TS 25.101 [4] (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 [5] 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 [4] would be expanded by the relevant frequency bands.

3 Scenarios using VDT or several fixed duplex distances

Document 8F/489 [6] 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.  

4 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 2. 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.

5 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. 
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