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1. Introduction

In response to the identification of additional extension bands for IMT-2000 by the ITU-R WRC-2000, a new technical report [3], TR 25.889, “Viable deployment of UTRA in additional and diverse spectrum arrangements” has been initiated at RAN4#20 in order to study the subsequent future deployment of UTRA within these new bands.

Among the extension bands for IMT-2000 (as identified by ITU-R Resolution 225 of the WRC-2000) are the frequencies from 2500 - 2690 MHz, for which the following deployment alternatives (Alt A-C) have been foreseen and thus included for study in TR 25.889:

(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.

Contribution R4-020853 of RAN4#23 investigated Alt A and corresponding text has been included into TR 25.889 under Sect 7.1 “DL usage of the new band in 2500 – 2690 MHz in conjunction with the Band I for UTRA FDD”. 

This contribution studies the most critical technical aspects in utilizing 3GPP UTRA FDD for Alternative C. 

It is concluded that UTRA FDD can be utilized within 2500 – 2690 MHz according to Alternative C, however, that in doing so effectively, a number of operational constraints (such as e.g. sufficiently large inter-system antenna coupling losses (ACL) and/or guard bands between the UL, respectively the additional DL portion within 2500 – 2690 MHz) need to be observed, in order to facilitate co-existence / co-location in an economical way.

While this contribution aims at a listing of the relevant RF related issues which need to be considered when evolving the relevant TSs (such as e.g. TS 25.101 and 25.104) for supporting UTRA FDD operation within 2500 – 2690 MHz, no detailed quantitative estimates/ proposals are yet given for the various RF requirements in question; thus this area will require further studies.

2. Rational of the Changes

RAN4#23 introduced a new Section 7.4 “UL/DL plus additional DL usage of the new band in 2500 – 2690 MHz in conjunction with the Band I for UTRA FDD” for studies regarding above Alternative C to the TR 25.889 and invited contributions for this Section.

This contribution proposes text for Section 7.4. 

3. Text Proposal for Section 7.4 of TR 25.889

(…)

7.4 UL/DL plus additional DL usage of the new band in 2500 – 2690 MHz in conjunction with the Band I for UTRA FDD

7.4.1. Introduction

Fig. 1 (adapted from ref [1]) shows a graphical representation of “Alt C” for utilizing the additional frequencies from 2500 - 2690 MHz for UTRA FDD. In here, UTRA FDD is proposed to be operated in a “sandwiched” manner: UTRA FDD UL carriers located in portion “A” are paired with DL carriers residing in portion “D”, enclosing thereby FDD carriers in portions
 “B+C” which are assumed to be paired with FDD UL carriers located within Band I. Thus, two distinct modes of FDD operation within the new 2.5 GHz band would exist here which we will designate as “FDD internal”, respectively “FDD external” throughout this Section. 
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Figure 1. ITU 8F Draft Scenarios for WRC-2000 band use (adapted from [1])
The mutual co-existence of these 2 modes at the block adjacency A ↔ B within the same geographical area, or even more stringently, same location/site, are expected to be the major concern for developing suitable RF performance specification for “Alt C” mode of operation within 3GPP RAN4. When comparing “Alt C” with the “DL only” operation of “Alt A” (please refer to Sect 7.1) a number of additional challenges for UTRA FDD as well as “legacy” FDD/Band I or Band III operation and GSM900/1800 are therefore expected, which mainly arise from the need to support the Node B RX, respectively UE TX within portion “A” of the 2.5 GHz band without undue degradation due to RF interference. The following inter-system interference mechanisms are considered to be dominating for “Alt C” and need be studied further:

7.4.1.1 Interference scenarios at transition point A <-> B

1) Node B of the “FDD external” system interference →  Node B of the “FDD internal” system at the transition point A ↔ B, in particular under co-location conditions, leading to desensitisation of the victim Node B

A. ACLR and spurious emissions from close proximity Node B of the “FDD external” TX (in frequency and location) system falling into the RX band (portion “A”) of a Node B of the “FDD internal” system.

B. 3rd-order non-linearity interference appearing within the RX path of a Node B of the “FDD internal” system due to close proximity TX (in frequency and location) of a Node B of the “FDD external” system

C. Blocking of the RX path of a Node B of the “FDD internal” system due to close proximity TX (in frequency and location) of a Node B of the “FDD external” system

D. ACS interference appearing within the RX path of a Node B of the “FDD internal” system due to close proximity TX (in frequency and location) of a Node B of the “FDD external” system

2)  “Legacy” GSM900/1800 BTS →  Node B of the “FDD internal” system, in particular under co-location conditions, leading to desensitisation of the victim Node B

A. spurious emissions from a GSM BTS system falling into the RX band (portion “A”) of a Node B of the “FDD internal” system

3)  “Legacy” UTRA FDD Node B operating in Band I or Band III →  Node B of the “FDD internal” system, in particular under co-location conditions, leading to desensitisation of the victim Node B

A. Spurious emissions from a UTRA FDD Node B operating in Band I falling into the RX band (portion “A”) of a Node B of the “FDD internal” system

B. Spurious emissions from a UTRA FDD Node B operating in Band III falling into the RX band (portion “A”) of a Node B of the “FDD internal” system

4) UE of the “FDD internal” system → UE of the “FDD external” system at the transition point A ↔ B leading to desensitisation around the offending UE

A. Spurious emissions of the UE operating on “FDD internal” band degrade the performance of the victim UE operating on “FDD external” down link band.

5) UTRA FDD Node B operating either FDD internal or FDD external band -> interfere either FDD internal or FDD external band UE RX. 

A. TX leakage from the uplink of the victim UE operating on “FDD internal” band and strong down link of an interfering Node B operating on the FDD external band can generate an IMD product that falls into the downlink of the victim UE.

B. Uplink interference from an UE operating on “FDD internal” band and strong down link of an interfering Node B operating on FDD external band can generate on IMD product that falls onto victim UE down link operating on FDD external band

Mechanisms 1.) and 3.) are partly analogous to the corresponding TDD↔FDD interference mechanisms for BS↔BS, respectively UE↔UE interference occurring at the TDD/FDD band edge at 1920 MHz (for Band I). These have been extensively studied within 3GPP RAN4 in the past, for a summary of these TDD/FDD coexistence studies, please refer to e.g. [5] and the references contained there in. For recent ITU studies within this area, see e.g. reference [2]. 

Regarding Node B, based the work done under [5], it was concluded in RAN4 that with currently available BS technology, most notably the size/cost constraints of the duplexer filters, TDD/FDD co-location (co-siting) with the assumption of 30 dB inter-system antenna coupling loss (ACL) is not economically feasible for adjacent frequencies. Consequently, there is no corresponding co-location requirements (e.g. RF blocking performance requirements) imposed for a FDD Node B in [4]. Similarly, [6] specifies for a TDD Wide Area BS for operation in the same geographic area with FDD the adjacent channel leakage power limits of –36 dBm for 5, 10 MHz adjacent carrier offsets. These limits are based on a antenna coupling loss assumption of 74 dB between the FDD and TDD base stations (rather than 30 dB as specified usually for co-located systems) and thus cater merely for co-existence, not co-location. Corresponding restrictions would also exist for co-location of the “FDD external” with the “FDD internal” system at the band transition point A ↔ B. However, introduction of suitable guard bands will facilitate co-location of the systems from Node B point of view.

From UE implementation point of view points 4 and 5 set the requirements for the duplex filter performance to reduce spuriouses into the DL band of the “FDD external” system, as well as produce the sufficient attenuation to own transmission.  All cases in point 5 are the normal requirements for UE receiver, and have already requirements in specifications. Hence these are not discussed further in this document.

From the perspective of achieving a comparable cost of any prospective Node B / UE equipment operating at 2500 - 2690 MHz, it is feasible to re-use existing RF modules and designs related to the UMTS2100/1900 standards. Hence it is desired, that the corresponding RF performance requirements for the UMTS2500 frequency variants (“FDD external”, “FDD internal”) not to be more stringent (from the implementation perspective of the RX/TX chains) as those related to the UMTS2100/1900 standards. Especially the size and cost requirements of the duplexers are most critical in this respect. 

Based on this, the needed guard bands for economical facilitation co- location of “FDD external” with the “FDD internal” system at the band transition point A ↔ B will be estimated in Sect. 7.4.3.

7.4.1.2. Interference scenarios at transition point C <-> D

6) Node B of the “FDD external” system →  UE of the “FDD internal” system at the transition point C ↔ D.
A. ACLR and spurious emissions from close proximity Node B of the “FDD external” TX (in frequency and location) system falling into the RX band (portion “D”) of UE of the “FDD internal” system. This mechanism is not considered as dominant, since the UE selectivity is the limiting factor. 

B. 3rd order non-linearity interference appearing within the RX path of a UE of the “FDD internal” system due to close proximity TX (in frequency and location) of a Node B of the “FDD external” or “FDD internal” system. The latter one is normal blocking and IMD3 case as in all band variants.  

C. UE own TX mixing to FDD external Node B signal. This is a similar topic as has been discussed in UMTS1800/1900, and appears always where the UL and DL band separation is less than 2*operating band. In this case this will be under consideration when the allocated band is more than 47.5 MHz for “FDD internal” use. 

Point A, B and C, are dealt in the current specification in and as such do not require further considerations. Naturally in terms of allocated frequency blocks the requirements needs to be align to reflect new band and it’s allocation. 

General Aspects and Constraints for operation within 2500 – 2690 MHz

This Subsection deals with a number of general aspects relevant for the “Alt C” arrangement for the 2.5 GHz band.

7.4.2.1.
Sizes of the allocations (A, B+C, D) within 2500 – 2690 MHz

The sizes of the allocations A-D within the new band from 2500 - 2690 MHz, as well as possible guard bands between them are to be specified by the regulatory bodies and are not within the scope of this TR (or TSG RAN). However, in this section we discuss areas of impacting to those decisions. For the following technical analysis we stipulate the following assumptions:

· Size of (A) may differ from size of (D), i.e. the “FDD internal” system may (or may not) utilize an asymmetric DL-UL mode of operation within the 2.5 GHz band, i.e. multiple DL carriers residing in allocation “D” may be paired with one and the same UL carrier from allocation “A”. This could be accomplished by use of VDT and similar concepts for asymmetric DL-UL operation as outlined in Section 7.1 of this TR.

· The duplexing gap size(B+C) of the “FDD internal” system is sufficiently large [e.g. > 30 MHz] so that the RF requirements (and the required underlying RF technology such as duplexers, receiver/transmitter linearity, etc) for the “FDD internal” operation will be mainly driven by the requirements for co-existence/location with the “FDD external” mode, rather than “internal” frequency-duplex operation. 

However, the most important aspect here regarding widespread UE roaming and low cost manufacture of UE, respectively, Node B is, that the partitioning A / B+C / D of the 2.5 GHz band is fixed and uniform across all markets (e.g. same partitioning across CEPT countries as well as all other countries utilizing the 2.5 GHz band). This is to prevent difficult design requirements for duplexing and linearity of the RX / TX chains and thus related cost penalties. 

In particular, the roaming capabilities of UEs would be severely restricted since it is not possible/feasible to design receivers with variable transition point of A and B. In addition the network searching may become unnecessary complex due to different frequency planning of UL and DL transition point.

As already mentioned in 7.4.1, co-existence/location of the “FDD external” with the “FDD internal” system at the band transition point A ↔ B will be a challenge for the duplex filtering point of view. When crafting the RF performance requirements for supporting co-existence/location of the “FDD external” with the “FDD internal” system, a trade-off among the following items needs to be made:

1. Size of the guard bands at the band transition point A ↔ B, which is dominated by the duplex filtering design.

2. Handling of band transition in point C ↔ D between external and internal DL.

3. Assumptions for the antenna coupling loss (ACL) between the systems in case of co-location

4. RF performance of Node B and UE (ACLR, ACS, IMD3, blocking, …, etc)

5. possibly lower Node B TX output powers; operation of one or both systems in micro/pico cell layers only, etc, see [5].

To assess point 1 (guard band size) the analysis for points 2-4 is considered first.

7.4.2.2.
Need for support of co-location for Node B

Regarding item 3.) in previous chapter, it will be important that any trade-off among these items leads to transparent and practical network engineering rules as how to implement the system’s co-location without the requirement for extensive inter-system interference measurements/analysis and subsequent interference avoidance measures at each prospective site. This will mainly require that the assumptions for the antenna coupling loss between the systems do not increase significantly over the current 30 dB value. While larger values up to approximately 60 dB may be practical with careful site installation practices, the cost and effort in doing so will certainly raise and may become unpractical for values > 60 dB. It would be very disadvantageous for, say, e.g. a new operator wishing to deploy a “FDD internal” network by being prevented from utilizing already existing UMTS sites (or facing high interference-preventing RF site engineering cost) due to interference from a prior installed “FDD external” system.

Regarding item 4.), the following critical areas of Node B RF design will be most challenged when attempting to minimize performance degradation due to above interference mechanisms, subject to the relevant RF performance requirements:

· Duplexer TX filter response

· Duplexer RX filter response

· Linearity of the TX chain (in particular the linearity of the LPA device)

· Linearity of the RX chain (e.g. IIP3, ICP (1 dB compression), etc.

These items are interrelated, i.e. there is trade-off between e.g. the steepness of duplexer RX filter response and the corresponding linearity requirements of the following RX chain. From the perspective of achieving a comparable cost of any prospective Node B equipment operating at 2500 - 2690 MHz, it is important that the re-use of existing RF modules and designs related to the UMTS2100/1900 standards is maximised. 

From this perspective, the provision and impact of sufficient guard bands at the band transition point A ↔ B should be seriously considered when crafting the RF performance requirements for supporting co-location.

7.4.2.3 UE considerations 

In this Section the previously mentioned points in section 7.4.2.1 are assessed from UE point of view. 

Regarding point 1) in the section 7.4.2.1 the transition point A <-> B is dominated by the duplexer performance in the UE. A benchmark of the duplexer performance can be taken from the UMTS1900 requirements, and transfer the fraction of frequency into the 2.5 GHz band. This calculation indicates the separation between UL and DL to be in the order of 30 MHz. 

Further UE-UE interference analysis is needed to be able to define the how much guard band is required between blocks A and B, and what are the impacts to UE RF requirements. Additionally UE internal TX to RX attenuation needs to be sufficient to meet in-band blocking requirements. 

In the following, there is an example worst-case analysis on FDD UE-FDD UE interference, based on existing 3GPP spec values [7]:

From [7], we find UE RX spurious response requirement from Table 7.11 ( UE spurious emissions to UMTS receive band 2110-2170 MHz –60 dBm/3.84 MHz. Adding 40 dB coupling between UE’s, we can conclude that the interference is at –100 dBm/3.84 MHz level. 

–60 dBm/3.84 MHz requirement is for UMTS1900 band, and hence after implying frequency alignment to 2.5 GHz, with 30 MHz separation this same requirement should ensure reasonable operation of FDD external band UE’s

Point 2) is a similar case as we are having already in Band I, and can be handled like this as an in-band blocking case between operators. Also considerations presented for “FDD DL only” case in the section 7.1 can be applied here for the FDD external band.

Point 3) is not relevant for UE.

Point 4) RF performance of UE (ACLR, ACS, IMD3, blocking, …, etc)

As noted in the section 7.4.2.2 regarding the design constraints for Node B, similar ones are also valid for UE design. However in this case size, cost, etc. needs to be considered even more detailed for creating requirements feasible for mass market device. 

· Duplex filter design. Sufficient attenuation needs to be achieved from TX to own RX in all conditions to maintain receiver linearity.

· NF will be higher (same order as for the UMTS1900 band)

· IMD3 and blocking requirements are a mixture of Band I and Band II requirements. However, there is no need to introduce requirements for protection against narrowband systems. 

· TX design may be need to be changed due to higher propagation loss, which is setting tight requirements for duplexers. It would be worth of considering lower output power class for this band to reduce current consumption for terminals.

· Higher propagation losses will suppress also the interfering signals accordingly. It is still possible to consider increasing node B TX powers to compensate propagation loss, and we can consider that existing ACS requirements are sufficient for most of the cases.

Estimated Guardband Needs due to Co-existence and Co-location Requirements

In this Section some initial estimates of the required guard bands and/or inter-system antenna coupling losses are provided for the band transition point A ↔ B in order to support co-existence among UEs, respectively, co-location of the Node B’s of the “FDD external”, respectively, “FDD internal” system. 

The methodology used here is to take the current RF performance specifications [4,7] for UTRA2100/1900 as a baseline for assuming RF performance values (e.g. for the ACLR) in the 2.5 GHz band. In cases where [4] is not felt not as sufficient to characterize the performance of the TX/RX chains in 2.5 GHz, some additional assumptions (e.g. regarding receiver linearity or duplex filtering) have been made based on technology used in today’s UTRA2100/1900 systems.

 7.4.3.1.
Guardband Needs due to Co-location Requirements for Node B

In this Section some rough estimates of the required guard bands and/or inter-system antenna coupling losses at the band transition point A ↔ B in order to support co-location of the Node B’s of the “FDD external”, respectively, “FDD internal” system at the same site are provided. Thus we consider the following scenario:

Interference from Node B of the “FDD external” system to Node B of the “FDD internal” system at the transition point A ↔ B under co-location conditions

For the calculations of this scenario the following assumptions regarding the maximum allowed interference levels at the victim (Node B of the “FDD internal” system) due to intersystem interference at the transition point A ↔ B are made:

Table 1. Assumptions regarding maximum allowed interference levels

	Eb/No for 12.2 kbps
	7
	dB

	UL loading
	0
	dB

	NF
	5
	dB

	PG for 12.2 kbps
	24.98
	dB

	thermal noise power @ 3.84 MHz
	-108.2
	dBm

	intra system noise power @ 3.84 MHz
	-103.2
	dBm

	required sensitivity for 12.2 kbps (= REFSEN in [4])
	-121.1
	dBm

	Max allowed desensitization due to interference
	6
	dB

	Max allowed intersystem interference level 
	-98.41
	dBm


This assumed target value for the maximum allowed interference level is used independently for interfering TX leakage from the Node B of the “FDD external” system falling into the receiver of the Node B of the “FDD internal” system as well as for interference occurring inside the RX chain of the Node B of the “FDD internal” system (e.g. IMD3). Thus the overall desensitisation, due to simultaneous presence of TX and RX interference mechanisms, will be correspondingly larger than 6 dB
.

With these assumptions we obtain the following estimates of the required guard bands and/or inter-system antenna coupling losses for the various interference mechanisms presented in 7.4.1:

A. ACLR and spurious emissions from close proximity TX (in frequency and location) of a Node B of the “FDD external” system falling into the Rx band (portion “A”) of a Node B of the “FDD internal” system

From [4] we can derive the following interference protection levels for adjacent bands:

Table 2. Node B interference protection levels for adjacent bands as derived from [4]

	Carrier separation victim – offending system
	5 MHz
	10 MHz
	≥15 MHz

	ACLR
	45 dB
	50 dB
	n.a.

	Spurious emission limits due to Co-existence with services in adjacent bands (Bands I,II,III)
	n.a.
	Average
 of  -17.4 dBm/ 1 MHz
	n.a.

	Out-of-band spurious emission limits, Cat B
	n.a.
	n.a.
	-30 dBm/      1 MHz

	Max of equivalent ACLR for a 43 dBm Node B
	45 dB
	54.5 dB
	67 dB


Note, that in order to achieve these equivalent ACLR values, a Node B implementation may already require some attenuation coming from the Tx duplex filter – this depends on how the trade-off between PA linearity and the duplex filter has been made. E.g., in order to meet the 54.5 dB ACLR value @ 10 MHz offset with a basic PA technology providing an “in-band” ACLR of only 50 dB, an additional 4.5 dB must then be provided by the Tx duplex filter.

From these ACLR values we obtain the following required Antenna Coupling Loss (ACL) in order not to exceed the maximum allowed interference level (as of Table 1):

Table 3. Required Antenna Coupling Loss (ACL) for adjacent band protection
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Clearly, these derived ACL values exceed the typical 30 dB assumption made in [4] for the UTRA FDD co-location requirements. 

If one would attempt to meet the 30 dB ACL target by means of improved Node B RF performance only, the following additional Tx filtering (i.e. in addition to the possibly already present Tx filtering to meet the ACLR values specified in Table 2 – this is implementation dependent) would need to be required:

Table 4. Required additional Tx filtering for meeting the 30 dB ACL requirement
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Based on Tx filtering technology sufficient in meeting the RF requirements of the UTRA1900 specifications, these values for carrier separations of 5, 10 and 15 MHz are considered as economically unfeasible for a Node B of the “FDD external” system. While some additional Tx filtering can certainly be achieved for the 15 MHz offset in order to reduce the required ACL of Table 3, for the carriers in closest proximity (5, 10 MHz offset) present duplexer technology will only be able to provide some few dB attenuation. Thus, one cannot expect to reduce the required ACL values of Table 3 in any significant manner for the 5, 10, 15 MHz offsets. However, the required additional Tx filtering for the 20 MHz offset appears feasible with currently available technology.

B. IMD3 interference appearing within the RX path of a Node B of the “FDD internal” system due to close proximity TX (in frequency and location) of a Node B of the “FDD external” system

There are several mechanisms, some of them actually not possible in either UTRA2100 or UTRA1900, by which IMD3 interference may appear within the RX path of a Node B of the “FDD internal” system due to close proximity TX (in frequency and location) of a Node B of the “FDD external” system:

1. IMD3 due to mixing of two received Node B carriers operating in the adjacent portion “B+C”

2. IMD3 due to mixing of an in-band blocker (i.e. located in portion “A”) and a received Node B carrier operating in the adjacent portion “B+C”. This is considered to be the most limiting case in here.

3. IMD3 due to mixing of leakage from the “own” Tx in portion “D” and a received Node B carrier operating in the adjacent portion “B+C”. This case could be e.g. possible for the case of equi-partitioning of the band 2500 - 2690 MHz into 60 / 60 / 60 MHz portions, while for a different partitioning of A / B+C / D this case may not be very relevant.

Specification [4] does not specify the receiver linearity directly, but provides requirements for protection against IMD3 from in-band interferers and gives blocking requirements against co-located systems (e.g. GSM900/1800). Based on receiver linearity requirements and Rx filtering technology sufficient for meeting the RF requirements of the UTRA1900 specifications, the required Rx filter attenuation for carrier separations of 5, 10 and 15 MHz is considered as economically unfeasible for a Node B of the “FDD internal” system. While some additional Rx filtering can certainly be achieved for the 15 MHz offset in order to reduce the required ACL, for the carriers in closest proximity (5, 10 MHz offset) present duplexer technology will only be able to provide some few dB attenuation. Thus, one cannot expect to reduce the required ACL values in any significant manner for the 5, 10, 15 MHz offsets. However, the required additional Rx filtering for the 20 MHz offset appears feasible with currently available technology.

C. Blocking of the RX path of a Node B of the “FDD internal” system due to close proximity TX (in frequency and location) of a Node B of the “FDD external” system

Currently [4] specifies for Node B blocking performance requirements for the bands 20 MHz adjacent to the Rx band within Band I (i.e. for 1900 - 1920 MHz, respectively, 1980 - 2000 MHz) a maximum level of –40 dBm, i.e. the same value as for in-band blocking. There are no tightened blocking requirements for co-location (with TDD in this case); for UTRA FDD as well as GSM900/1800 the corresponding blocking performance requirements under co-location conditions require resilience against interfering signal levels of +16 dBm at the Node B antenna port. Based on this one could derive from [4] implicitly that for co-located carriers deployed within ≤ 20 MHz offset from the FDD Rx band, there is an increased ACL of:

[required ACL] = 30 dB [“standard” ACL] + 16 dBm [GSM900/1800 blocker] – (-40 dBm)[blocker in 20 MHz adjacent band] = 

 = 86 dB

Assuming a 30 dB ACL, we obtain

[required Rx filter attenuation] = 16 dBm [GSM900/1800 blocker] – (-40 dBm)[blocker in 20 MHz adjacent band] = 

= 56 dB

Again, this is not feasible for interfering carrier offset ≤ 15 MHz and either guard bands and/or sufficiently high ACLs are required.

D. ACS interference appearing within the RX path of a Node B of the “FDD internal” system due to close proximity TX (in frequency and location) of a Node B of the “FDD external” system

From the above it is clear that the use of the adjacent channels (at 5, 10, 15 MHz offsets) is not feasible, due to excessive ACLR leakage from the “FDD external” system as well as blocking of the front end of the RX chain of the “FDD internal” system. Anyway, for the sake of completeness we may derive from [4] the minimum required ACL from the ACS
 point of view. Thus, one has

[required ACL] = 43 dBm [Node B Tx power] – (-52 dBm)[interfering signal level in adjacent channel] = 

 = 95 dB

ACS leads to the most stringent ACL requirements from the RX chain point of view and interfering adjacent carriers can clearly not be used in any co-location arrangement.

“Legacy” GSM900/1800 BTS →  Node B of the “FDD internal” system, in particular under co-location conditions, leading to desensitisation of the victim Node B

A. spurious emissions from a GSM BTS system falling into the RX band (portion “A”) of a Node B of the “FDD internal” system

Specification [8] currently mandates for the spurious emissions from the GSM900/1800 BTS onto the 2.5 GHz band a limit of       –36 dBm / 3 MHz. However, to support co-location with UMTS2100 the limit for the spurious emissions is specified as –96 dBm / 100 kHz, i.e. a value approximately 45 dB smaller. As GSM900/1800 BTS equipment is likely to be still operational at sites attractive for UMTS2500 deployment, a corresponding requirement would need to be introduced in order to support co-location with the “FDD internal” system on the portion “A” of the 2.5 GHz band.  Note, that such a co-location requirement for legacy GSM900/1800 BTS equipment is not needed for the “DL only” usage of the 2.5 GHz band as described in Sect 7.1.

“Legacy” UTRA FDD Node B operating in Band I  →  Node B of the “FDD internal” system, in particular under co-location conditions, leading to desensitisation of the victim Node B

A. spurious emissions from a UTRA FDD Node B operating in Band I falling into the RX band (portion “A”) of a Node B of the “FDD internal” system

Specification [4] currently mandates for the spurious emissions from the UMTS2100 Node B onto the 2.5 GHz band a limit of       –30 dBm / 1 MHz. However, to support co-location with the UMTS2100 the limit for the spurious emissions onto 1920 – 1980 MHz (Band I UL) is specified as –96 dBm / 100 kHz, i.e. a value approximately 56 dB smaller. As UMTS2100 Node B equipment is likely to be operational at sites attractive for UMTS2500 deployment, a corresponding requirement would need to be introduced in order to support co-location with the “FDD internal” system on the portion “A” of the 2.5 GHz band.  Note, that such a co-location requirement for “legacy” UMTS2100 Node B equipment is not needed for the “DL only” usage of the 2.5 GHz band as described in Sect 7.1.

Summary of the UTRA FDD Guardband Needs due to Co-location Requirements for Node B

Based on the above analysis for the interference mechanisms listed in 7.4.1 we obtain the following overall guard band estimates for the band transition point A ↔ B, in order to support co-location of the Node B’s of the “FDD external”, respectively, “FDD internal” system:

· At least 15 MHz guard band at the transition point A ↔ B should be provided

· Co-location with 15 MHz guard band should be technically feasible, however, this requires significantly tighter requirements for the Node B out-of-band spurious emission limits as well as additional blocking/IMD3 requirements to protect the portion “A” of the 2.5 GHz band from excessive interference.

In addition, the spurious emission limits on the 2.5 GHz band for “legacy” GSM900/1800 as well as UTRA FDD2100 need to be tightened in order to support co-location of the Node B’s of the “FDD external” system with these legacy systems.

Radio Network Performance Aspects

Propagation Aspects, Impact of increased Propagation Loss

Please refer to Sect 7.1.2.1., Sect. 7.1.2.2, and Appendix A regarding the coverage/capacity impact of the increased propagation loss (PL) within the 2.5 GHz band on UTRA UL, respectively, DL operation. Based on this analysis, the UL operation of the “FDD external” system in portion “A” of the 2.5 GHz band will suffer from a 3 dB increased PL with a corresponding reduction of coverage, whereas the impact on the DL coverage/capacity of the “FDD external” as well as “FDD internal” system is negligible.

Here as well the NF of the UE’s will increase about 3 dB compared to Band I operation. But as noted above the system is not DL coverage (noise) limited, this would be the limiting factor for operation.

In context with this 3 dB increased PL on the UL, it will then be important to keep the insertion loss (IL) of the Node B RX duplexer filter low in order to prevent an increase in the NF and further desensitisation of the receiver. This then again points into the direction of utilizing sufficient guard bands rather than tighter Node B receiver blocking requirements.

For the UE this implies approx. 3 dB higher transmitter output power requirements in order to compensate the propagation loss e.g. to meet same coverage as Band I with power class 4 (21 dBm) terminal, one needs to design for power class 3 (24 dBm) terminal. Additionally more losses are expected for TX, due narrow UL/DL separation. This will increase current consumption, significantly higher currents compared to Band I UL operation. This indicates that some lower power classes should be considered as well; otherwise it is not possible to design similarly performing terminals in terms of operation time and size as in Band I.

Summary 

· Use of UTRA FDD within 2500 – 2690 MHz is feasible

· However, in order to support the co-existence/location of the  “FDD internal” with the “FDD external” system suitable guard bands need to be introduced

· Terminal Duplex filter requires in order of 30 MHz separation between FDD UL internal and FDD DL external bands

· UL and DL bands of the “FDD internal” system can be asymmetric,

· Propagation loss on 2.5GHz is higher and therefore cell sizes will be smaller with current power classes.

· UE front-end design in Alt C will be more complex compared to Alt A and this will increase the losses in RX and TX paths. The losses will have impact on the receiver sensitivity and output power which can further decrease the cell sizes

· UE TX current consumption will further increase at maximum power, if more higher maximum power levels are required to compensate link losses. 

· Larger impact on RF performance spec than with DL only, and more interference mechanisms possible to degrade the performance.
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� The designations “B”, “C” for the block intended for “DL external” operation originate from the ITU ref [1]. The subdivision of this block into B and C is immaterial for the following analysis here.


� Allowing both, TX and RX interference mechanisms to reach -98.41 dBm will lead to an overall desensitisation of 7.6 dB.


� Average from steps from –13 to -30 dBm/1 MHz across this carrier


� Implicitly one derives from [4] an ACS requirement of 46 dB for an adjacent channels at 5 MHz offset
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		Carrier separation		5		10		15		20		MHz

		Node B Tx power		43		43		43		43		dBm

		max interference level		-98.4		-98.4		-98.4		-98.4		dBm/3.84 MHz

		equivalent ACLR (Table 2)		45		54.4		67		67		dB

		required min ACL		96.4		87		74.4		74.4		dB
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		Carrier separation		5		10		15		20		MHz

		Node B Tx power		43		43		43		43		dBm

		max interference level		-98.4		-98.4		-98.4		-98.4		dBm/3.84 MHz

		equivalent ACLR (Table 2)		45		54.4		67		67		dB

		required min ACL		96.4		87		74.4		74.4		dB

		target ACL		30		30		30		30		dB

		Req. add. Tx filtering		66.4		57		44.4		44.4		dB






