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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.

The present contribution therefore proposes amendments to the existing text of TR 25.889 V1.0.0, aiming at an alignment of this text with the scope of the TR as clarified at RAN WG #23. This includes the identification of sections related to FDD only and the introduction of new sections related to TDD only.

A companion contribution in R4-021254 contains a proposal for the currently empty subclause 7.5  “The use of UTRA TDD in the 2500-2690 MHz band”.

2
Proposal

A revised version of TR 25.889 V1.0.0 containing proposed amendments to the current text is attached to the present contribution. It is proposed to approve these amendments and incorporate them into an updated version of TR 25.889.

3
Proposed changes to TR 25.889 V1.0.0:

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 the present UTRA FDD and UTRA TDD frequency bands as defined in Release 5 of the 3GPP specifications, see e.g. TS 25.101 V5.3.0 and TS 25.102 V5.1.0, respectively, as well as the additional bands identified for IMT-2000 by ITU-R WRC-2000.

--- next changed section ---

4.1
Scope and Objective of work

The viable deployment of UTRA FDD and UTRA TDD in additional and diverse spectrum arrangements should be assessed.
4.1.1
UTRA FDD
In case of UTRA FDD, the assessment includes
-
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 MHz paired with 2110 – 2170 MHz

Band I (UTRA FDD core band)

-
1850 - 1910 MHz paired with 1930 – 1990 MHz

Band II (PCS1900 band)

-
1710 - 1785 MHz paired with 1805 – 1880 MHz

Band III (GSM1800 band)
Implementations to study for new bands and combinations of bands:

1)
1710 - 1770 MHz paired with 2110 - 2170 MHz

2a)
1710 - 1800 MHz paired with 2110 - 2200 MHz

2b)
1920 - 2010 MHz paired with 2110 - 2200 MHz

3)
1755 - [1805] MHz paired with 2110 - [2160] MHz 

4)
1710 - [1755] MHz paired with 1805 – [1850] MHz
5)
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. Enabling technologies for UTRA FDD for operation in the new bands are examined in clause 6.
4.1.2
UTRA TDD
In case of UTRA TDD, the duplex arrangement is independent of the spectrum arrangement, as the same frequency channel is used sequentially for transmission in the uplink and downlink direction. This allows the adjustable allocation of timeslots to each direction as required by the traffic to be transported. As a consequence, by its intrinsic nature, UTRA TDD allows the accommodation of asymmetric traffic in a highly flexible way.

As there is no need to consider special duplex arrangements, UTRA TDD may be deployed in any additional frequency bands, without the need for introducing new and advanced technology concepts. Therefore, the list of items to be studied for the viable deployment of UTRA TDD in additional and diverse spectrum arrangements is much smaller than in case of UTRA FDD: From the list given above in 4.1.1 for UTRA FDD, only the last two items may need consideration. For further details, see subclause 7.5.
4.1.3
Caveat/Notice
The information in this TR is partly based on text from RAN4 meeting documents that also contained information in areas outside of the RAN4 mandate. Examples are paragraphs containing information on how the split of uplink versus downlink traffic will develop with time, as well as suggestions on how to develop a specification assuming certain decisions are taken in e.g. regulatory bodies on how the new spectrum is to be used. As this information is useful in helping understanding of the technical feasibility assessment and related conclusions in these sections, this information has been kept. RAN4 has refrained from discussing the text parts outside of its mandate for this TR, and thus conclusions should not be drawn from these parts.

The part related to the technical feasibility, and especially the text in the conclusion clause, have been agreed by RAN WG4.

5
Description of the spectrum arrangements

Document 8F/623 [3] lists several options for paired and unpaired frequency arrangements for IMT-2000 systems in bands identified by WARC-92 and WRC-2000. Table 1 provides a selection of these options for paired frequency arrangements and additionally proposes some further opportunities based on VDT.
Table 1: FDD Frequency Arrangements
	Arrangements 
	UE Tx (MHz)
	Duplex Centre Gap (MHz)
	BS Tx (MHz)
	Duplex separation (MHz)
	Remarks

	Band I 
	1920 - 1980
	130
	2110 - 2170
	190
	Current spec.

	Band II 
	1850 – 1910 
	20
	1930 - 1990
	80
	Current spec.

	Band III
	1710 - 1785
	20
	1805 - 1880
	95
	Current spec.

	(*)
	1710 – 1755
	50
	1805 - 1850
	95
	

	(*)
	1755 – 1805
	305
	2110 - 2160
	355
	

	(*)
	1710 - 1770
	240
	2110 - 2170
	400
	

	(*)
	1920 - 1980
	520
	2500 - 2690
	Variable
	

	(*)
	1850 – 1910 
	590
	2500 - 2690
	Variable
	

	(*)
	1710 - 1785
	715
	2500 - 2690
	Variable
	

	(*)
	1710 -1770
	730
	2500 - 2690
	Variable
	

	(**)
	2500 (2520) - x
	y(20
	z – (2670) 2690
	Variable
	x, y and z to be defined

	(**)
	z – (2670) 2690
	y(20
	2500 (2520) - x
	Variable
	x, y and z to be defined. (Reversed duplex direction)


Note 1:
Combination of Bands (*) and Bands (**) may be required to be considered in the future work.

Note 2:
ITU-R Resolution 225 from the World Radio Communication Conference 2000 (WRC-2000) states that the bands 2500 - 2520 MHz and 2670 - 2690 MHz (as identified for IMT-2000 in the footnote S5.384A of the RR, and allocated to the mobile-satellite service  (MSS)) may be used for the satellite component of IMT-2000. However, depending on market developments it may be possible in the longer term for bands 2500 - 2520 MHz and 2670 - 2690 MHz to be used by the terrestrial component of IMT-2000.
For TDD systems, Document 8F/623 [3] identifies the following options:

- 
in the band 1710 - 2200 MHz:

-
1880 - 1920 MHz

-
1910 - 1930 MHz
-
2010 - 2025 MHz
- 
TDD may also be introduced under certain conditions in the up link bands of paired frequency arrangements or/and in the centre gap between paired bands 
- 
in the band 2500 - 2690 MHz:

-
all or parts of this band (see also Note 2 to Table 1)
6
Enabling technologies for UTRA FDD for operation in the new bands

6.1
Solutions for implementing variable duplex separation in one terminal

 Enabling terminals to operate with a variable duplex separation will facilitate roaming between different countries or regions. In addition, for operators with multiple band pairings, such terminals will be able to handoff from one band to another.

It is to be noted that, at this stage, the variable duplex separation may be understood as a variable duplex separation on a frequency block basis or a variable duplex separation on a frequency channel basis. It is thus recommended to choose between both alternatives before starting work on the specifications.

--- next changed section ---

6.1.1.1.1
System Information Block type 5

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 [4] 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 Section 5.1).

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 [5]. The discussions are captured in the minutes in R2-011511 [6].

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.

Once the relevant regulatory bodies have decided on the implementation of the new non-Rel’99 frequency bands, it is recommended to have RAN2 develop the details based on RAN4 recommendations for the SIB5 to indicate system duplex configuration.

--- next changed section ---

6.1.2
Examples of Implementation of variable duplex separation in one terminal

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 if global usage is envisaged. 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

--- next changed section ---

7
Examples for viable implementations of spectrum arrangements

7.1
DL usage of the new band 2500 – 2690 MHz in conjunction with the Band I for UTRA FDD

This clause discusses the usage of the 2500 - 2690 MHz spectrum for UTRA FDD in conjunction with an assumed operation of the UTRA within the 1920 - 1980 / 2110 – 2170 Band I (UTRA FDD core band). The following aspects shall be covered:

-
Expected asymmetry between UL/DL capacity needs to support future 3G services

-
Relevant radio network propagation and performance aspects for UL/DL operation within the 2.5 GHz band

-
UTRA system requirements for efficiently supporting the 2500 – 2690 MHz band for asymmetric DL operation

-
Required changes of current UTRA specifications in order to support efficient operation within the 2.5 GHz band
Note that the entire subclause 7.1 is written under the assumption that the complete band 2500 - 2690 MHz is used by UTRA FDD only. The use of UTRA TDD in this band is examined in subclause 7.5. [Editorial comment: Depending on material to be introduced into subclauses 7.3 and 7.4, this paragraph  - in a extended form - might be better placed directly under clause 7.]   
7.1.1
Expected Future DL/UL Traffic Asymmetry

UMTS Forum Spectrum Aspects Group (SAG) is currently studying the traffic characteristics of future 3G traffic and, based on the results, the possible band plans in anticipation of 2.5GHz licence awards within CEPT during the next 5 years.  This new band resulted from WRC2000 where it was concluded that for each ITU region an additional 160 MHz is required of spectrum over and above their present mobile bands, i.e. both 2G bands and those already identified for 3G/IMT-2000.  The SAG work is based on market forecasts for different types of mobile voice and multimedia services that have been published during the past two years [7,8].

Some initial studies in SAG [9] indicate that increasing multimedia traffic would drive average asymmetry from today’s near 1:1 voice-dominated ratio towards the region of 2.5:1 in favour of the downlink, although it should be emphasised that SAG seeks to establish a methodology rather than to propose actual values. Subsequent SAG analysis [10] accommodated more variation in individual multimedia service asymmetries and their relative price attributes by adopting a Monte Carlo simulation tool which had the effect of lowering asymmetry towards the 2:1 region.

One contribution [6] highlighted the sensitivity of the results to price assumptions for the highly asymmetric Customised Infotainment category by showing that if the relative price was reduced, asymmetry might soar to 12:1.  

Clearly, more work needs to be done and agreements reached regarding market assumptions.  Furthermore, this traffic asymmetry does not map directly to spectrum asymmetry, especially when downlink capacity might be increased due to HSDPA and potential pseudo-broadcast techniques such as MBMS combined with digital rights management.  However there do seem to be some clear trends already emerging:

1)
There is a clear bias towards downlink traffic asymmetry of the order of at least 2:1 within the next 6 years – even this is a very high overall figure considering the high level of symmetric traffic in today’s 2G bands.

2)
The total asymmetry is assumed to be heavily influenced by the cost of delivery (and hence affordability) of mass-market services such as entertainment.

3)
The new 3G bands (i.e. WARC ’92 and WRC 2000) will likely bear the brunt of asymmetric services and thus must handle these at the lowest possible cost.

Given the apparent market sensitivity to multimedia service cost, it would seem appropriate when considering the use of the WRC 2000 bands to focus heavily on re-use of existing 3G infrastructure.  This would allow maximum network scalability and economies of scale to be extracted to provide coverage and capacity at the lowest possible cost of service.  If the entire 190 MHz at 2.5GHz were allocated to a VDT UTRA downlink solution, then the resulting 2G (GSM 900/1800) + 3G (UTRA Band I + 2.5GHz) spectrum asymmetry ratio would be in the region of 

(35 + 75 + 60 + 190) / (35 + 75 + 60)  =  2.1 : 1

The balance between this spectrum asymmetry and the assumed traffic asymmetry of up to 12:1 would then have to be met through downlink capacity enhancements.  Asymmetry would then to a certain degree be self-balancing through market forces and laws of supply and demand.  
If it is assumed that the WRC-2000 bands would be used by FDD systems only, it may be concluded that - whilst not a normal or ideal way to balance a network -, apportioning all the 2.5GHz band to UTRA downlink might be the only way to maximising coverage of asymmetric capacity at the lowest possible prices needed to stimulate new mass-market multimedia services. Note, however, that the use of TDD systems in the 2.5 GHz band could constitute a viable alternative for coping with asymmetric traffic requirements; see subclause 7.5.
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8.
Recommendations

In case the additional bands identified for IMT-2000 (and in particular, the band 2500 – 2690 MHz) will be used by UTRA FDD by applying diverse and new spectrum arrangements, the following recommendations are made:
1)
Do not require terminals to accommodate several band pairings. This is left to the discretion of the UE manufacturers in consort with the operators.

2)
Because of the additional losses in the Rx and Tx parts, further study for Rx and Tx RF performance is required before specifications can be finalised for UEs accommodating several band pairings.

3)
Choose between having the terminals implementing variable duplex separation on a frequency block basis or on a frequency channel basis.

4)
Further studies are required on possible solutions for signalling to terminals the system duplex configuration.

5)
Develop protocol to allow a UE to declare if it can operate in more than one band and what are the bands in which it can operate.
In case the additional bands identified for IMT-2000 (and in particular, the band 2500 – 2690 MHz) will be used by UTRA TDD – exclusively or in combination with UTRA FDD –, the following recommendations are made:

1)
TBD
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