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1. Introduction

It was agreed at the last Ran_4 meeting that the report of the feasibility study  for the deployment of UTRA in additional and diverse spectrum arrangement[1] should include both UTRA-FDD and UTRA-TDD. A separate chapter is created in the report on the use of UTRA-TDD in the 2500-2690 MHz band. 

When UTRA-FDD and UTRA-TDD are included in the same report, both of the UTRA-FDD and UTRA-TDD will use by sharing the new frequency band 2500-2690 MHz, the UTRA system sharing and compatibility should be addressed as well. Many studies on UTRA-FDD and UTRA-TDD sharing in the new frequency band 2500-2690 MHz have been performed by ITU-R 8F, other studies on the system sharing and compatibility study between IMT-2000/UMTS satellite component and IMT-2000/UMTS terrestrial component operating in this new frequency band 2500-2690 MHz have started in the group ITU-R JCG 8F-8D.

It is useless for 3GPP Ran_4 to repeat the UTRA system sharing study already done by ITU-R, but it will be very useful for 3GPP Ran-4 to evaluate the study results, and to perform, if necessary, some complementary studies. It is also clear that the spectrum allocation is under the responsibility of ITU-R and other radio regulation bodies, such as CEPT. But the technical point of view from 3GPP on the different spectrum allocation scenarios will be very helpful for the radio regulation bodies to go forward on the spectrum allocation work.

The objectives of this discussion paper are to present and discuss (i) the main results and conclusions of the UTRA-FDD and UTRA-TDD sharing studies carried out by ITU-R 8F. (ii) the different spectrum allocation scenarios proposed by ITU-R, and to propose to include the UTRA system sharing and compatibility as part of the study report TR25.889.

2.  UTRA system sharing and compatibility in the new band 2500-2690 MHz

2.1.  UTRA-FDD and UTRA-TDD sharing and compatibility study

The sharing and compatibility study and interference analysis are described in the ITU-R study report [3, 4] on the co-existence between UTRA-FDD and UTRA-TDD systems operating in adjacent frequency bands and in the same geographical area. This report summarizes the study results from different contributions to ITU-R 8F, the system parameters and study assumptions used in different contributions are not necessarily the same, so some inconsistence may exist.

2.1.1 Scope 

This sharing study covers 

· UTRA-FDD and UTRA-TDD 3.84 Mcps option for macro, micro, and pico BS.

· UTRA-FDD and UTRA-TDD 1.28 Mcps option for macro, micro, and pico BS.

2.1.2 Assumption

The UTRA-FDD and UTRA-TDD system characteristics in the new frequency band 2500-2690 MHz are not yet available, the system parameters defined by 3GPP in the frequency band I (1920-1980 MHz and 2110-2170 MHz) for UTRA-FDD and in the frequency band 1900-1920 MHz for UTRA-TDD were used in the sharing study for the new band 2500-2690 MHz. 

The main system parameters are from 3GPP Rel-99 technical specifications. Concerning the local area BS parameters which were not defined by 3GPP, the system parameters of wide area BS were used instead. 

This sharing and compatibility study considers the coexistence in the IMT-2000 new frequency band between 2500 and 2690 MHz with one of the frequency allocation scenarios as shown below. This study focuses on interference analysis between TDD and FDD UL as well as TDD and FDD DL. No particular assumptions on the sizes of the bands have been made since the focus is on the border effects between FDD UL and TDD, and between TDD and FDD DL, respectively. . Only the adjacent channels have been considered to interfere in the simulations and analysis[3,4].
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 2.1.3 Sharing & compatibility between UTRA-FDD and UTRA-TDD 3.84 Mcps option and UTRA-TDD 1.28 Mcps option

It is concluded in the study report [3, 4] that 

·  Several scenarios and parameter settings examined are associated with severe interference problems 

· The separation distances have been calculated over an interval of tolerated external interference where the smaller value for separation distance implies high levels of planned tolerated external interference which in turn implies smaller coverage and/or capacity and higher transmit powers for the MS in the victim system.

· There is no fundamental difference in magnitude of interference when considering FDD DL to TDD UL interference or when considering TDD DL to FDD UL for any of the examined scenarios.

· Thus, the potential problems come from the basic fact that DL transmitters are geographically and spectrally close to sensitive UL receivers, regardless of involved duplex method.

· Minimum requirements available in 3GPP  specifications on transmitter and receiver characteristics are assumed to the maximum extent possible. It could be noted that practical equipment may be better than required in the specifications.

·  For several scenarios large values of separation distances or additional isolation are needed to obtain low interference conditions. Some scenarios have low separation distances and do not require additional isolation (shown negative in the table).

· In some deployment scenarios separation distances can be traded off against coverage and higher MS transmit powers in the victim system.

The tables 1 and 2 are copied directly from the study report [3, 4], they summarise the main study results between UTRA-FDD and UTRA-TDD Mcps option BS.

Table 1: Sharing between UTRA-FDD BS and UTRA-TDD 3.84 Mcps option BS

	Scenario
	Carrier sep
MHz
	Required

Sep. distance TDD to FDD
m
	Required

Sep. distance FDD to-TDD
m
	Reference separation distance

m
	Required additional isolation

dB

	Macro-to-macro (LOS)
	5-15
	2136-9541
	2689-14275
	100
	+49,3

	Macro-to-micro (Veh)
	5-15
	48-222
	61-341
	50
	+20.4

	Micro-to-micro (LOS)
	5
	130-290
	290-650
	50
	+8.3

	
	10
	33-73
	130-290
	50
	-

	
	15
	16-37
	26-60
	50
	-

	Micro-to-micro(Ped) 
	5
	33-52
	52-80
	50
	+8.3

	
	10-15
	9-24
	12-52
	50
	-

	Micro-to-macro (Veh)
	5-15
	58-284
	69-341
	100
	-

	Pico-to-macro (Out-to-Ind)
	5-15
	15-65
	11-58
	50
	-

	Pico-to-micro (Out-to-Ind)
	5-15
	3-15
	6-31
	20
	-12.4

	Micro-to-pico (Out-to-Ind)
	5-15
	4-10
	5-25
	20
	-11.4

	Pico-to-pico (LOS)
	5-15
	1-9
	2-7
	10
	-0.7

	Pico-to-pico (Indoor)
	5-15
	1
	1
	10
	-25.3


The required separation distances are in a range from 1 m to 15 km depending on the cell types involved and carrier separation used. They are the lowest for pico-to-pico scenarios and the highest for macro-to-macro scenarios.

Table 2: Sharing between UTRA-FDD BS and UTRA-TDD 1.28 Mcps option BS

	Scenario
	Carrier sep
MHz
	Required Additional Isolation (dB) or not
	Reference separation distance

m
	Required separation distance

m

	Macro-to-macro
	3.5
	40.9(YES)
	100
	2700

	Macro-to-micro 
	3.5
	-1.6(NO)
	50
	44.7

	Macro-to-pico
	3.5
	-9.3(NO)
	20
	9.8

	Micro-to-Macro
	3.5
	-7.6(NO)
	50
	31.6

	Micro-to-micro
	3.5
	-11.4(NO)
	50
	23.4

	Micro-to-pico 
	3.5
	-23.3(NO)
	50
	3.3

	Pico-to-macro (Out-to-Ind)
	3.5
	-15.3(NO)
	10
	6.2

	Pico-to-micro (Out-to-Ind)
	3.5
	-23.3(NO)
	50
	3.3

	Pico-to-pico(Ind-to-Ind)
	3.5
	-35.3(NO)
	10
	1.3


Based on assumptions for reference separation distances, only the macro-to-macro scenario requires significant additional isolation. For other scenarios, the basic isolation is sufficient.

When we compare the study results summarized in table 1 and table 2, it seems that the required additional isolations for the co-existence between UTRA-FDD and UTRA-TDD 3.84 Mcps option are bigger than that for the co-existence between UTRA-FDD and UTRA-TDD 1.28 Mcps option, the differences may come from the system parameters (BS transmitter and receiver) used in the interference analysis, the table below gives several essential system parameters used in the sharing study [3, 4] :

Table 3 Comparison of some UTRA-TDD system parameters used in the sharing study 

	Parameter
	UTRA-TDD 3.84 Mcps
	UTRA-TDD 1.28 Mcps

	Macro BS Tx power (dBm)
	43 
	34

	Micro BS Tx power (dBm)
	30 
	21

	Pico BS Tx power (dBm)
	24
	12

	ACLR (dB)
	70 @ 5 MHz 

 70 @ 10 MHz

70 @  15 MHz
	50 @ 3.3 MHz

(TS25.105 gives 45 dB at 3.2 MHz)

65 @ 8.3 MHz


Concerning the base station co-location between different systems, it is concluded in [3, 4] that :

· Co-location of base stations will be prevalent in future systems  

· When UTRA-FDD WCDMA and UTRA-TDD 3.84 Mcps option macro base stations are co-located the noise floor of both systems are impacted considerably when considering a 30 dB coupling loss

· Coverage and capacity will be severely affected, if appropriate isolation is not provided between the base stations.

· Based on the existing specifications and Minimum Coupling Loss (MCL) assumptions, even a guard band of 5 MHz and 10 MHz will not remove the problem.

· Continued studies must define needed system specifications and  guard bands, as appropriate, considering base station co-location, taking into consideration the fact that some degree of isolation may be achieved in practical systems.
Based on the results of the study report[3], a new study report is under preparation within ITU-R 8F on mitigating techniques to address coexistence between IMT-2000 TDD and FDD radio interface technologies within the frequency range 2500-2690 MHz operating in adjacent bands and in the same geographical area [5]. The techniques such as site engineering solution, adaptive antenna, filters, system performance improvement, etc, are under study.
The sharing study between UTRA-FDD and UTRA-TDD for macro BS were based on the system parameters of 3GPP Rel-99 specifications, the obtained results are very similar to that of 3GPP TR25.942. But for the sharing study between UTRA-FDD and UTRA-TDD micro/pico BS was performed before the availability 3GPP system specifications for micro and pico BS, so the validity of the obtained results need further evaluation or confirmation by other complementary studies using correct 3GPP system characteristics of FDD and TDD micro/pico BS which are at the stage of completion.

3. Frequency arrangement options with traffic asymmetry considerations

The ITU-R recommendation[2] recommended that administrations and operators consider asymmetric traffic requirements when assigning spectrum or implementing systems, different  techniques are proposed in the annex of the recommendation [2] for replying the traffic asymmetric requirement in favour of downlink :

· Modulation asymmetry

This is the feature such as HSDPA, different modulation schemes are used for carrying more traffic on downlink

· Frequency band asymmetry

FDD scheme with more frequency band in downlink, in other word, some spectrum block allocated for FDD downlink only.

· Time slot allocation asymmetry

TDD scheme with more time slots allocated for downlink use.

.

For the band 2 500-2 690 MHz, three basic arrangements or combinations of them are recommended in [2] in order to meet the demand for additional traffic with traffic asymmetry consideration :

· FDD Uplink and Downlink operation

· FDD Downlink operation

· TDD operation.

7 frequency arrangement scenarios are proposed in [2] for the band 2500 – 2690 MHz. These scenarios are copied from [2] and shown in the figure below, where the FDD DL external means that this FDD DL block is paired with FDD UL frequencies outside of this frequency band 2500-2690 MHz, for example, with the band I uplink between 1920 – 1980 MHz, or other frequency bands.


When UTRA-FDD and UTRA-TDD are deployed in the same geographical area, especially they are located at adjacent frequency bands, the sharing and compatibility becomes one of the important study subjects for the frequency arrangement options.

In the frequency arrangement scenario 2, the UTRA-FDD DL (external) is adjacent to UTRA-FDD UL (internal), the sharing and compatibility study for UTRA-FDD UL (internal) and UTRA-FDD DL(external) in adjacent bands need to be performed, especially for micro and pico BS, since it can be expected that for macro BS cases, the interference will be very similar to that between FDD and TDD macro BS in adjacent frequency bands. 

4. Conclusion and Proposal

It is proposed that a new section 7.6 should be created in the FS report TR25.889 for dealing the UTRA system sharing issues, the title of this new section 7.6 should be “UTRA system sharing in the new frequency band 2500-2690 MHz”, the following aspects can be included in this new section :

1) UTRA-FDD and UTRA-TDD co-existence and co-location 

· For the co-existence and co-location between  UTRA-FDD macro BS and UTRA-TDD(both 3.84 Mcps option and 1.28 Mcps option) macro BS, the main study results of the report [3] and TR25.942 for the band I can be reused with some adaptation.

· Further studies are required for the co-existence and co-location between UTRA-FDD micro/pico BS and UTRA-TDD(both 3.84 Mcps option and 1.28 Mcps option) micro/pico BS with the new system characteristics of local area BS.

· Possible solutions for making the two UTRA systems compatibles.

2) UTRA-FDD (internal) and UTRA-FDD DL (external) co-existence and co-location  

· Studies are required for the co-existence and co-location between UTRA-FDD(internal) macro/micro/pico BS and UTRA-FDD DL (external) macro/micro/pico BS with the latest system characteristics of wide area BS, medium range BS, and local area BS.

· Possible solutions for making the two types of UTRA FDD systems compatibles.
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