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1 Introduction  

The purpose of this document is to analyze the rationality of the "merged" 3GPP FDD RF specification. 3GPP Specification already includes values for some RF parameters (mainly contributed from ARIB). In this document those values are analyzed from the UE implementation point of view as well as from the system point of view. This document includes also proposals for specification text changes. 

This contribution structure is as follows:

Chapter 1: Introduction

Chapter 2: Assumptions about MCLs and base station power levels in this document. 

Chapter 3: Frequency arrangement issues. 

Chapter 4: TX section.

Chapter 5: RX section.

Chapter 6: Conclusions  

Annex 1: Introduces the simulation description used for UE ACPR performance verification

Annex 2: Introduces the simulation description for downlink ACS performance.

Annex 3: Includes both European and Japanese frequency allocation used for out-of band 

    blocking requirement verification.

This contribution concentrates mainly on 3GPP UE FDD RF parameters i.e. chapters 5,6 and 7 of the merged 3GPP specification "UTRA (UE) FDD; Radio Transmission and reception". Chapter 8 of the merged 3GPP specification is discussed in separate contributions. The most critical parameters from the system point of view are UE ACPR and UE receiver filter selectivity (downlink ACS). In this document the capacity simulators to simulate those parameters are discussed in Annex 1 and 2. This document also proposes a methodology for UE ACPR and UE receiver filter selectivity (downlink ACS) capacity simulations in order determine the final values for 3GPP specification. 

In this document other RF parameters than UE ACPR or UE receiver filter selectivity, are analyzed by simple calculations using assumptions presented in chapter 2. 

In order to keep system analysis simple, this document does not study TDD options.

2 Some Parameters for system level analysis

Following parameters are used in this document as a basis for system scenario analysis (parameters for UE ACPR and UE receiver filter selectivity are discussed in chapters 4.9 and 5.3 and in Annex 1,2.).  

MCL:

In this document, MCL
(Minimum Coupling Loss) is a parameter which describes the (typical) minimum coupling loss value which can occur between two antennas. MCL depends on antenna height, directivity and the location of the UE. It is difficult to derive a real MCL for all cases by analytic methods,  but a good enough values could be found from the results of the existing field experiences and measurements. MCL values of 80 dB in macro cells and 60 dB for micro cells have been commonly quoted in ARIB. These values are quite much in line with UKTAG document [SMG2 UMTS-L1 Tdoc738, Appendix 1]. MCL value between two UEs in Table 1 is based on Nokia laboratory measurements made by using network analyzer and two 1800 MHz mobiles with antenna separation of less than 1 meter. 

Table 1. MCL assumptions. 

MCL_macro
BTS <--> UE
80 dB

MCL_micro
BTS <--> UE
60 dB

MCL_UE
UE < --> UE
40 dB

BTS power levels:

Table 2 shows assumptions the maximum base station power levels that are used in this document for system analysis.  

Table 2. Maximum power levels. 

BTS_macro
43 dBm

BTS_micro
33 dBm

Frequency bands and channel separation (Chapter 5 in 3GPP)
2.1 Frequency bands (Chapter 5.2 in 3GPP)  
2.1.1 Implementation rationality

· N/A

2.1.2 System Level rationality

· Deployment to other band is not precluded, which enables that radio interface can be optimized to WCDMA requirements
2.1.3 Proposed text changes

· N/A

2.2 TX-RX frequency separation (Chapter 5.3 in 3GPP)
2.2.1 Implementation rationality

· Variable duplex separation effects significantly on UE design: complexity, current consumption, cost

2.2.2 System Level rationality

· If Uplink slotted mode is not used variable channel separation will be needed for inter frequency handoffs

2.2.3 Proposed text changes

·  N/A

2.3 Channel arrangement (Chapter 5.4 in 3GPP)
2.3.1 Implementation rationality

· Channel raster to be as a multiple of 200kHz frequency allows better performance for UE   frequency synthesis and therefore it will have positive impact on the UE current consumption. 

· 200 kHz raster is used in GSM, and multimode terminal frequency synthesis is possible without adding complexity

2.3.2 System Level rationality

· ARFCN signalling is straight forward between GSM and UTRA.

2.3.3 Proposed text changes

· N/A

FDD UE Transmitter RF requirements (Chapter 6 in 3GPP)
2.4 Transmit power (Chapter 6.2 in 3GPP)
2.4.1 Implementation rationality

· Output power accuracy of  +1/-3 dB for normal condition seems OK to implement. Extreme conditions case needs to be determined ( In GSM +/- 2 dB norm.cond. and +/-2.5dB extreme cond. limits )

· TX-band response will not be so flat as e.g. compared GSM UE ( GSM UE uses usually switches and lowQ low pass filtering )

· Measurement accuracy is ca. +/-0.3 dB

2.4.2 System Level rationality

· From RF safety point of view (SAR)  handheld phone power class should be +21dBm

· Is network planning accomplished for some default  power level  (e.g. 21 dBm) ?

· Roaming to different countries vs. network "power" planning ?

· Maximum average power measured over 1 slot

· Extreme temperature ranges in GSM:

· -10 … +55 deg.C
for handheld phones ( small UE )

· -20 … +55 deg. C
for mobile/fixed terminals

· GSM temperature limits could be applied to 3GPP specification

2.4.3 Proposed text changes 

· The contents of ARIB and  ETSI inputs are quite similar 
· EIRP definition away, replaced with 50 ohm connection
2.5 Frequency stability (Chapter 6.3 in 3GPP)
2.5.1 Implementation rationality

· 0.1ppm accuracy should be possible to implement with 2000+ technology

2.5.2 System Level rationality

· 0.1ppm should be accurate enough for 3G system

2.5.3 Proposed text changes

· The contents of ARIB and ETIS inputs are similar  

2.6 Open loop power control (Chapter 6.4.1 in 3GPP)
2.6.1 Implementation rationality

· Open loop power control accuracy has significant effects on UE implementation. Accuracy of +/- 9 dB should be possible to implement with 2000+ technology in normal temperature ranges

·  if normal temperature range is +5…+35 oC 

· Open loop power control accuracy of +/-12 dB can be implemented in extreme temperature ranges

·  if extreme temperature range is -10…+55 oC (as in GSM)

· Response time from network is not defined

· 1 dB step requirement during settling should not be required in specification   

2.6.2 System Level rationality

· Open loop power control accuracy is needed in RACH and for transmitting short data packets in RACH burst (for transmitting longer packets in dedicated mode closed loop power control is used)

· Open loop power control accuracy depends on RACH procedure. Details of RACH are still under discussion in WG1

· Power ramping for RACH (proposed by Ericsson in [Tdoc SMG2 UMTS-L1 17/99]) eases the required open loop power control accuracy 

· The delay time for acknowledge message form network is not clear

· In IS-95 +/- 9.5dB accuracy is required, but in IS-95 open loop power control is used all the time together with closed loop power control (in W-CDMA open loop does not need to be used due to faster closed loop power control than in IS-95)

· WCDMA can meet IS-98 specification power control window without the use of open loop power control if the step size is 1 dB

2.6.3 Proposed text changes

· ARIB value proposal (+/-9dB) can be used as working assumption 

· +/-12 dB accuracy for extreme temperature 

· normal and extreme temperature ranges should be defined

· 1 dB step requirement during settling should not be required

· Time domain requirements for terminal are not defined. More information is needed from WG1. 

2.7 Closed loop power control & power control step sizes (Chapters 6.4.2 & 6.4.3 in 3GPP)
2.7.1 Implementation rationality

· Implementation is depended on the required accuracy. 1 dB control step with proposed accuracy should be possible to implement with 2000+ technology

· Relative accuracy for lower power control step size (e.g. 0.25 dB) cannot as accurate as for 1 dB step size

2.7.2 System Level rationality

· Do we need other step sizes than 1 dB ?

· Has some operator plans to change the step size during a call (depending on mobile speed) ?

· Many open items exists if this is the design goal (e.g. how to handle step sizes in soft handovers) 

· If smaller step sizes (0.25...0.5 dB) are used for moving mobiles, open loop power control needs to be used together with closed loop power control --> power control accuracy will suffer due to open loop power control inaccuracy

· Uplink power control step size requirement can be different than downlink step size

· Uplink power control step size could be depended on the type of the terminal: for example for stationary (e.g. WLL) terminals could be implemented with 0.5 dB step size

· Could mobile station inform network about its step size (as it inform power class etc.) and then network actives new step size for certain terminal if it desires so  ?

· More info from WG1 needed

2.7.3 Proposed text changes

· TBD later

2.8 Minimum transmit power and Dynamic range  (Chapter 6.4.4 in 3GPP)
2.8.1 Implementation rationality

· Significant effect on UE implementation: complex/expensive to implement very small small power levels

· In IS-95, the minimum controllable power is –50 dBm/1.2288MHz. Therefore in case we want to specify the requirement with the same implementation complexity, the 3G specification would be ~ -45 dBm /4.096 MHz  (~5 dB more noise power due to increased bandwidth)

2.8.2 System Level rationality

· -44 dBm proposed by ARIB  might be quite moderate requirement from the system point of view and needs to be verified with system analysis  

· The minimum transmit power (dynamic range) shall be studied by means of system simulations. Simulations shall be made with a similar simulators as used for uplink ACP analysis. Also the network models can be similar as proposed in Annex 1 of this document. The UE maximum power can be 21 dBm in those simulations

· The minimum transmit power of the UE shall be defined in a way that the UE dynamic range (minimum transmit power) does not affect to system capacity too much

2.8.3 Proposed text changes

· ARIB and ETSI have different value proposal for the UE minimum output power 

· TBD after system analysis are completed  

2.9 TX ON/OFF ratio & DTX  (Chapter 6.5 in 3GPP)
2.9.1 Implementation rationality

· Specified DTX mask from ARIB should be possible to implement with 2000+ technology.

2.9.2 System Level rationality

· Discrete step accuracy does not need to be very accurate when going into DTX mode, because closed loop power control corrects the possible error in after next slot (closed loop power control) 

· Do we need some system simulations for this ?

· More information from WG1 needed: e.g. power difference between data and control channels

2.9.3 Proposed text changes

· Proposed DTX mask from ARIB input can be used as a baseline. However, the exact dB values should be defined later 

2.10 Occupied bandwidth  (Chapter 6.6.1 in 3GPP)
2.10.1 Implementation rationality

· N/A

2.10.2 System Level rationality

· N/A

2.10.3 Proposed text changes

· N/A

2.11 Out of band emission: Spectrum emission mask (Chapter 6.6.2.1 in 3GPP)
2.11.1 Implementation rationality

· Same as in ACPR and in spurious emission

2.11.2 System Level rationality

· Do we need this requirement ?

· Overlapping with UE ACPR and spurious emission requirements  

2.11.3 Proposed text changes

· TBD later

2.12 Out of band emission: UE ACPR (Chapter 6.6.2.2.1 in 3GPP)
2.12.1 Implementation rationality

· Proposed requirements from ARIB (ACPR1= -35dBc, ACPR2=-45dBc)  are much tighter than required in 2G systems using linear modulation methods (IS-95, PDC, DAMPS)

· Talk times will not be competitive with 2G systems (especially when compared to GSM)

· ACP requirement of –35dBc doesn't give much possibility to optimize the biasing and operating class of the power amplifier

· 5-10% worse efficiency than with ACPR1 of –30 dBc

· difficult to optimize current consumption at lower power levels (which essential for WCDMA to achieve reasonable talk times)

· Higher ACPR requirement will also increases current consumption in whole TX chain, because all blocks in TX must fulfill higher linearity requirements

· Thermal heating with –35 dBc will cause serious implementation problems

· Low overall efficiency will cause thermal problems at the maximum output power levels  and the design of very small size (<100 cc) handheld terminals becomes extremely difficult 

· From the implementation point of view ACPR1/APRR2 requirements should be -30dBc/-40dBc in order to guarantee reasonable talk times and a possibility to design small (<100cc) handheld terminals without thermal heat problems. 

· In order to guarantee mass production, 3-5 dB production margin is needed for ACPR, which means that the average ACPR performance of UE would be better than what will be specified to 3GPP minimum requirement specification.

2.12.2 System Level rationality 

· Annex 1 shows proposals for ACPR simulation approaches 

· As a summary (from Annex1) the main proposals for the future work are following:

· How to set the system new loading point (50-75%) for ACPR simulations

· How to define allowable capacity loss due to ACPR

· Proposal for new ACPR modelling: different ACPR at highest power level than at lower power levels

· Downlink ACS should be taken into account when defining Uplink ACPR

2.12.3 Proposed text changes

· Details TBD  after system analysis are completed

· e.g.  ACPR1/2 should be also tested at other power levels than Pmax (e.g. Pmax – 15 dB) 

2.13 Out of band emission: UE ACPR, switching transients (Chapter 6.6.2.2.1 in 3GPP)
2.13.1 Implementation rationality

· Due to large bandwidth of WCDMA, this should be ease to fulfill

2.13.2 System Level rationality

· Do we need this requirement ?

· Difficult to set-up a test case and equipment for this (peak hold needs to be used in measurement --> results are not anymore comparable with continuos mode ACPR)

· Switching (power on/off) occurs seldom (only during RACH or during uplink slotted mode)

2.13.3 Proposed text changes

· TBD later

2.14 Spurious emissions (Chapter 6.6.3 in 3GPP)
2.14.1 Implementation rationality

· ARIB spurious emission requirements cannot be implemented if UE is allowed to use maximum power level at the edge of IMT-2000 band

· ARIB proposal requires –36 dBm @ 300 kHz. This corresponds to ACPR1 of –45 dBc @ 4.096 MHz  with 21 dBm terminal class --> simply cannot be implemented  

· Spurious emission levels outside IMT-2000 band edge are mainly generated by nonlinearity of the PA and the wideband noise from the other parts of the transmitter

· Near the IMT-2000 band edge  it is not possible to lower spurious emission levels e.g with filtering

· From the implementation point of view spurious levels shall be specified according to ACPR1 (5MHz offset) and ACPR2 (10MHz offset). Further frequency offset (15 MHz -->) shall be specified according to –50 dBc compared to maximum UE power. 

· At the frequency offset of 40 MHz or greater spurious emission power can be lowered  from the UE implementation point of view

2.14.2 System Level rationality

· Spurious emission to the such 2G systems' RX bands which are likely to be co-sited with WCDMA should be specified more carefully.

· Co-siting of 3G and 2G systems increases the probability of interference between 2G and 3G mobiles

2.14.3 Proposed text changes

· ARIB proposal should be checked (see implementation rationality)

· GSM 05.05 spurious requirements should be considered here as an input

2.15 Transmit intermodulation (Chapter 6.7 in 3GPP)
2.15.1 Implementation rationality

· ARIB proposal should be possible to implement with 2000+ technology.

2.15.2 System Level rationality

· Specification is according to MCL of 40 dB between two mobiles as assumed in chapter 2. 

2.15.3 Proposed text changes

· ARIB proposal can be used as a working assumption 

2.16 Modulation accuracy (Chapter 6.8 in 3GPP)
2.16.1 Implementation rationality

· Affects to transmitter design (e.g. synthesizer) 

2.16.2 System Level rationality

· Uplink modulation accuracy is not so crucial than downlink modulation accuracy, because in uplink signals are not orthogonal 

· Proposed requirement from ARIB seems to overspecify the modulation accuracy requirement, especially for high processing gains, because the requirement is specified at chip level

· Modulation accuracy (EVM) should be specified after despreading, in order to take into account the effect of the processing gain

2.16.3 Proposed text changes

· TBD later

FDD UE Receiver RF requirements

2.17 Reference sensitivity level (Chapter 7.3 in 3GPP)
2.17.1 Implementation rationality

· NOKIA has inputted a separated Tdoc R4-99012 to explain the sensitivity definition.

2.17.2 System Level rationality

· See TdocR4-99012 

2.17.3 Proposed text changes

· ARIB proposal can be used as input for merged document.

2.18 Dynamic range (Chapter 7.4 in 3GPP)
2.18.1 Implementation rationality

· This requirement determines the front-end amplifier NF and current consumption. Very high input power requirements will force manufacturers to bias the amplifier to draw more current. It should be emphasized here that as the requirement looks as similar as  GSM1800 receiver, the amplifier in WCDMA must keep it's linearity due to multicode QPSK modulation. This is not necessary in the case of GSM1800. –25 dBm level manifests the output of LNA to be in the region of –5 dBm, which is significant together with low current requirement 

2.18.2 System Level rationality

· Using assumptions in chapter 2:

· Macro cells: 43 dBm - 80dB = -37 dBm

· Micro cells: 33 dBm – 60 dB = -27 dBm

· With the used assumptions, ARIB requirement seems to be OK

· In IS-95 specification, the maximum input signal level is the same as proposed by ARIB i.e.   –25 dBm. When taking into account that IS-95 operates in 800 MHz band (smaller MCL values), it can be concluded that –25 dBm should be enough for 2000 MHz (larger MCL values than in 800MHz) 

2.18.3 Proposed text changes

· ARIB input can be used as a working assumption

· Title should be changed from dynamic range to maximum usable input level

2.19 Adjacent channel selectivity (Chapter 7.5 in 3GPP)
2.19.1 Implementation rationality

· 30 dB receiver filter selectivity proposed by ARIB should be possible to implement with  with reasonable complexity and receiver current consumption

· tighter filter selectivity increases receiver current consumption and thus will affect to stand-by times  

· when adjacent channel selectivity is tested at higher power levels, UE receiver noise figure does not affect to the test i.e. only filter selectivity is tested (similar approach as in GSM)

2.19.2 System Level rationality

· See Annex 2

· Downlink will provide "self protection" to Uplink ACPR

· Prevents that catastrophic Uplink cases do not occur  --> we should not overspecify receiver filter selectivity for UE 

2.19.3 Proposed text changes

· Proposal from ARIB and Ericsson [Ericsson, TSG4#1(99)001] can be used as a working assumption

2.20 Blocking characteristics   (Chapter 7.6 in 3GPP)
2.20.1 Implementation rationality

· Inband and out-of band values proposed by ARIB should be possible to implement with 2000+ technology

2.20.2 System level rationality, In-band blocking 

· ARIB in-band blocking requirements can be justified according to downlink ACS capacity simulations

· It is introduced in [Ericsson, TSG4#1(99)001] that the UE receiver filter selectivity needs to in the order of 30 dB to guarantee tolerable capacity loss for adjacent channel WCDMA signal (see below figure). This means that in case wanted signal is 3 dB above the sensitivity level (i.e. under thermal noise level), UE should be able to operate when ~ -69 dBm (-99dBm
 + 30 dB) adjacent WCDMA signal is present 
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· In case one base station includes 3 carriers (see below figure), the UE filter selectivity needs to be somehow tighter for #2 and #3 carries i.e. the total attenuation for three carriers needs to be ~30 dB.  
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( 
ARIB proposal requires that that in band blocking level is –44 dBm for 15 MHz or higher frequency offsets from the carrier. According to multioperator downlink simulation this is sufficient requirement (corresponds to about ~55 dB selectivity, -44 dBm – 50 dB = -99 dBm).

· ARIB proposal does not require anything for the 10 MHz offset WCDMA signal.  We propose that 10 MHz blocking is tested with – 54 dBm signal (corresponds to ~ 45 dB UE receiver filter selectivity). This should be sufficient requirement to guarantee that system capacity is not degraded

2.20.3 System rationality, Out-of-band blocking
· Both European and Japanese frequency allocations at 2 GHz are in Annex 3.

· The most significant blocker will be TDD2 band (2010 - 2025 MHz) UEs and BTSs. Let's  assume  similar power classes as in FDD and MCL of 40 dB between TDD and FDD UEs.   In addition we should bear in mind that the terminal will usually operate ~ 4-6 dB below maximum transmitter power level. 

UE<->UE case:

2010-2025 MHz band the blocking –15 dBm looks reasonable value based on following: 33 dBm – 4 dB –40 dB = -11 dBm. Probability for blocking of theses terminals is very low, because the high power terminal density is low. When re-calculating with more standard TDD power class (24 dBm) we get: 24 dBm – 4 dB –40 dB = - 20 dBm.

BS<->UE case: 

43 dBm-60 dB = -17 dBm

· In the band 2025-2110 MHz, the main source of interference comes from fixed radio links which have typically ~ 1W power.   According regulations in Europe, the maximum EIRP can be 70 dBm. However, the antenna radiation patterns are much more narrower than for example 3GGPP macro BTS, so we can expect MCL for these links to be significant more than 80 dB, approx. 100 dB gives 70 dBm – 100 dB = -30 dBm. Anyway such a radio transmission is not densed, an such transmitters are located less croudly areas 

· 2170-2200 MHz is MSS band  (space operation downlink band)   The expected interference at the UMTS UE from a satellite is ~ –119.5 dBm. In-band blocking level should be more that adequate to cope with this operation.

· At 2200-2255 MHz band there is also a fixed radio link operation. –30 dBm interferer level can be assumed as in band 2025-2110 MHz

· 2255 –2400 MHz there isn't expected to be interferers  at the level of –15 dBm.

· 2400 MHz and above starts ISM (industrial, scientific, medical) –band. Unlicenced usage (WLAN, Microwave oven, etc.). Maximum emitted power up to 30 dBm (WLAN). Requirement approx. –15 dBm as a blocker level

· Conclusions for out-of-band blocking analysis:

· Values proposed by ARIB seem to be reasonable 

2.20.4 Proposed text changes

· ARIB proposal for in-band and out-of-band blocking can be used as a working assumption 

· Addition to in-band blocking: we propose that  –54 dBm blocking levels are specified for 10 MHz offset

2.21 RX spurious response (Chapter 7.7 in 3GPP)
2.21.1 Implementation rationality

· ARIB proposal should be possible to implement with 2000+ technology

· tighter requirements has significant effect  on UE implementation

· number of allowed spurious frequencies ? 3G system will have larger number of spurious response candidates than GSM, because of full duplex operation 

2.21.2 System Level rationality

· Spurious response  has a very low probability of occurrence. It requires following to occur at the same time:

· UE is using certain channel

· Interfere source is at certain frequency

· UE is at its sensitivity level 

· UE and interfere source are close to each other

2.21.3 Proposed text changes

· ARIB proposal can be used as a working assumption

· Title according to ARIB, blocking and spurious response together in same chapter

· Blocking requirements should be met, but exceptions due to implementation (TX and IF-frequencies ) must be allowed, but amount should be limited. 

· e.g. inband spurious quantity 6 and outband 12.
2.22 Intermodulation characteristics (Chapter 7.8 in 3GPP)
2.22.1 Implementation rationality

· Specification leads to similar IIP3 as in GSM1800 --> should be possible to implement with reasonable receiver current consumption

2.22.2 System Level rationality

· The rationality of the proposed IMD specification can be also justified (indirectly) according to multioperator downlink ACS capacity simulations 

· It is introduced in [Ericsson, TSG4#1(99)001] that the UE receiver filter selectivity needs to in the order of 30 dB to guarantee tolerable capacity loss for adjacent channel WCDMA signal. This means that in case wanted signal is 3 dB above the sensitivity level (i.e. under thermal noise level), UE should be able to operate when ~ -69 dBm (-99dBm
 + 30 dB) adjacent WCDMA signal is present   

· Let's assume that the main source of IMD comes from other operator base stationwhich includes three carries (see figure below)
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· IMD requirement proposal from ARIB states that  the levels of the interfering signals in the test are –46 dBm 

· IMD at UE can be generated by combination of only two carrier frequencies from other operator's base station (assuming that one base station includes three carriers) 

· Therefore according to downlink ACS simulations, system capacity does not decrease if UE can tolerate –69 dBm IMD signal levels (~ 30 dB attenuation)

· Since in the IMD requirement proposal from ARIB has –46 dBm signal levels for the IMD test case --> this should be enough to guarantee that capacity loss does not occur 

· About the proposed test case from ARIB:

· The test case should illustrate the actual situation in networks. Hence the idea of using WCDMA modulated signal together with CW signal is good. This is also the case in GSM intermodulation measurements

2.22.3 Proposed text changes

· ARIB proposal can be used as a working assumption

2.23 Spurious emission   (Chapter 7.9 in 3GPP)
2.23.1 Implementation rationality

· ARIB proposal should be possible to implement with 2000+ technology.

2.23.2 System Level rationality

In GSM the emission limits are:

· UE (idle mode) 9 kHz-880 MHz, 915 - 1000 MHz

-57 dBm @ 100 kHz

· UE (idle mode) 880 - 915 MHz


-59 dBm @ 100 kHz

· UE (idle mode) 1710 - 1785 MHz


-53 dBm @ 100 kHz

· UE (idle mode) 1000 - 1710 MHz, 1785 MHz - 12.75 GHz  
-47 dBm @ 100 kHz

2.23.3 Proposed text changes

·  GSM specification shall be considered as an input

· The idle prosedures aren't well defined 

3 conclusions

In this contribution Nokia studied the rationality of the current 3GPP FDD UE RF parameters from UE implementation point of view as well as from the system point of view. 

Most of the so far proposed UE RF parameters  very found to be quite reasonable and therefore can be used as a working assumption. However, it was also noticed that some additional work is needed to study some RF parameters further. Further work is outlined in this contribution in chapters 4 and 5. 

In the future Nokia will submit more system analysis inputs for WG4 either in separate contributions or in the revised version of this document. 
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ANNEX 1. ACP simulation

5 INTRODUCTION

In /1, 2, 3/ ACP simulator provided by separate companies are presented. In each of them similar approach to simulations are taken. This annex combines ideas presented in the documents, and propose common approaches for ACP capacity simulations to determine the final requirement for UE ACP.  

6 Propagation models

In this chapter used propagation models, their parameters and usage is explained. An important parameter to be defined is minimum couplig loss (MCL), i.e., what is the minimum loss in signal due to fact that the base stations are always placed much higher than the mobile stations are operating. Propagation models are adopted from /5/ and presented in the following chapters for macro cell and micro cell environments. The selected MCL value for macro cell environment is [80] dB and for micro cell environment [60] dB.

With simulations it is assumed [0] dB antenna gains, and isotropic antennas.  

6.1 Macro cell propagation model

Macro cell propagation model is applicable for the test scenarios in urban and suburban areas outside the high rise core where the buildings are of nearly uniform height /5/.


L= 40(1-4x10-3hb)Log10(R) -18Log10(hb) + 21Log10(f) + 80 dB. 

Where:


R    is the base station - mobile station separation in kilometres;


f    is the carrier frequency of 2000 MHz;


hb  is the base station antenna height, in metres, measured from the     average rooftop level.

The base station antenna height is fixed at 15 metres above the average rooftop (hb = 15 m). Considering a carrier frequency of 2000 Mhz and a base station antenna height of 15 metres, the formula becomes: 


L = 128.1 + 37.6 Log10(R)
NOTE 1:  L shall in no circumstances be less than free space loss.  This model is valid for NLOS case only and describes worse case propagation. Log-normal shadow fading with 10 dB standard deviation isassumed.

NOTE 2: The path loss model is valid for a range of hb from 0 to 50 metres.

To the distance attenuation of log-normally distributed shadowing should be added with standard deviation of 10 dB.

NOTE 3: This models are designed mainly for distance from few hundred meters to kilometers, and there are not very accurate for short distances.

After L is calculated, maximum from L and MCL (minimum coupling loss) is selected:

Pathloss = max(L, MCL) 

Proposed value for MCL in macro cellular environment is [80] dB.

6.2 Micro cell propagation model

Also the micro cell propagation model is adopted form /5/. This model is to be used for spectrum efficiency evaluations in urban environments modelled through a Manhattan-like structure , in order to properly evaluate the performance in microcell situations that will be common in european cities at the time of UMTS deployment.

The proposed model is a recursive model
, that calculates the path loss as a sum of LOS and NLOS segments. The shortest path along streets between the BS and the UE has to be found within the Manhattan environment.

The path loss in dB is given by the well-known formula 

, 

where
dn     is the “illusory” distance, 


(     is the wavelength,

n     is the number of straight street segments between BS and UE (along the shortest path).

The illusory distance is the sum of these street segments and can be obtained by recursively using the expressions 

 and 

where c is a function of  the angle of the street crossing. For a 90 degree street crossing the value c should be set to 0.5. Further, sn-1 is the length in meters of the last segment. A segment is a straight path. The inital values are set according to: k0 is set to 1 and d0 is set to 0. The illusory distance is obtained as the final dn when the last segment has been added.

The model is extended to cover the micro cell dual slope behaviour, by modifying the expression to :



 where 

.

Before the break point xbr the slope is 2, after the break point it increases to 4. The break point xbr is set to 300 m. x is the distance from the transmiter to the receiver.

To take into account effects of propagation going above roof tops it is also needed to calculate the pathloss according to the shortest geographical distance. This is done by using the commonly known COST Walfish-Ikegami Model and with antennas below roof tops :

L = 24 + 45 log(d+20)    

where d is the shortest physical geographical distance from the transmitter to the receiver in metres.

The final pathloss value is the minimum between the path loss value from the propagation through the streets and the path loss based on the shortest geographical distance :

Pathloss= max(min(manhattan pathloss, macro path loss), MCL)

NOTE 1 : This pathloss model is valid for microcell coverage only with antenna located below roof top. In case the urban structure would be covered by macrocells, the former pathloss model should be used.

To the distance attenuation of log-normally distributed shadowing should be added with standard deviation of 10 dB. Shadowing term should be added to pathloss before the maximum form pathloss and minimum coupling loss is taken. Proposed value for MCL in micro cells is [60] dB.

7 Modeling of power control, handover etc. algorithms

A simulation step constitutes of mobile placement, pathloss calculations, handover, power control and statistics collecting. After the mobile stations are placed to the network, and the operator is selected for the user pathloss between each mobile station and base station is calculated and stored to a so called G-matrix (Gain matrix). After that, active base stations (transmitting base stations) are selected for the mobile station. Then a stabilization period is started. During stabilization power control is executed so long that the used powers reach the level required for the required quality. After that SIR and other data is collected.

When a single step is finished, mobile stations are re-located to the system and the above processes are executed again. During a simulation, as many simulation loops are executed as required in order to achieve sufficient amount of local-mean-SIR values. Sufficient amount is supposed to be [10 000] values or more. As many local-mean-SIR values are obtained during one simulation loop as mobile stations in the simulation. Outputs from a simulation are SIR-distribution, outage probability, capacity figures etc. 

The handover models is un-ideal soft handover. Active set for a the mobile station is selected from a pool of base stations that are candidates for handover. The candidate set is composed from base stations that pathloss is within handover margin, i.e., base stations that received pilot is stronger than the received pilot of the strongest base station subtracted by the handover margin. The active set of base stations is selected randomly from the candidate base stations. A mobile stations may be connected to maximum of [3] base stations simultaneously. Operator( or hierarchy layer ) for the mobile station is selected randomly, so that the number of users per base stations is the same for the both operators ( hierarchy layers ).

In the uplink, selection combining among active base stations is performed so that the frame with highest average SIR is used for statistics collecting purposes while the other frames are discarded.

Power control is a simple SIR based fast closed loop power control. When doing power control the received instantaneous SIR is first measured in the receiver. If the received SIR was below the SIR threshold, the used power during the next power control step is increased by [1] decibels. If the received SIR was better than the threshold the used power is decreased by the size of the power control step. Power control error probability is [0] % and power control delay [0] seconds. Power control is depicted in Figure 1. Power control is executed so many times that used power levels are in balance, i.e, all users reach required SIR level (execpt those that are in outage). 

SIR threshold is a simulation parameter. SIR threshold is measured by the means of link level simulation. With power control some margin can be added so that the power control aims to adjust SIR better than the threshold for quality. This is needed since well operating power control adjusts power around the threshold, when some of the local-mean-SIR samples are less than quality threshold. Proposed SIR threshold for required quality (BER or FER) in macro cells is [6.5] dB, and [TBD] dB in micro cells /7/.
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Figure 1. Fast closed loop power control algorithm.
Local-mean SIR is calculated by dividing the received signal by the interference, and multiplying by the processing gain. Signals from the other users are summed together and seen as interference. Signal-to-interference-ratio will be:
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where S is the received signal, Gp is processing gain, Iown is interference generated by those users that are connected to the same base station that the observed user, Iother is interference from other cells and N0 is thermal noise. Thermal noise is calculated for 4.096 MHz band by assuming 5 dB system noise figure. Thermal noise power is then equal to      -103 dBm.

Working assumption for UE power control range for ACP simulations could be that UE maximum power is 21 dBm and the minimum controllable power is [–50] dBm (i.e. 71 dB power control range).  However, we have to note that UE minimum transmit power is another open item which should be studied separately from the ACP studies.

8 System scenario

Two simulation cases are proposed: macro to macro multi operator case and macro to micro HCS (hierarchical cell structure) case. The number of cases is limited. If too many case are selected simulator implementation and simulation times become exccessive. 
Macro-to-macro multi operator case: Base stations are placed on a hexagonal grid(see example in Figure 2a.), with distance of [1000] meters. Base stations with omni antennas are placed in the middle of the cell. Base stations of two operators are shifted by [500] (worst case scenario) or [250] (intermediate case) meters. If base station shift is 0 meters(co-sited), a best case scenario is selected. Since capacity loss due to ACP is very small in best case scenario this case is neglected.

Since  worst case and best cases are  not very likely cases, results from the intermediate case should also be paid attention to.

Macro-to-micro HCS cases: Macro cell base stations are placed to a hexagonal grid with distance of [1000] meters. Micro cell base stations are place to Manhattan grid, so that base stations are placed to street crossings as proposed in /6/. Base stations are placed every second junction, see Figure 2b.This is not a very intelligent network planning, but then sufficient amount of inter cell interference is generated with reasonable low number of micro cell base stations. 

In all cases, speech or low rate data (e.g. 32 kbps) is simulated.
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Figure 2. a)Hexagonal cell deployment model. b) HCS model with Manhattan micro cell deployment and hexagonal macro cell deployment.

9 System loading

In /2 and 3/ system is simulated with near 100 % loading (using 5% outage). This is too high load for a CDMA system, since a real CDMA system becomes unsable with this kind of laoding for example due to dynamic behavior (mobility and traffic characteristics), radio resource management algorithms, or unideal network planning.   Therefore CDMA system should be simulated with practical loadings. 

In practice the load of a CDMA system is expected to be selected between 50-75% i.e.  if the range or grade of service (GoS) need to be maximized the selected load should be e.g. 50 % and if  the capacity is maximized selected load should be e.g. 75 %. It is believed that higher than 75% load cannot be used in praxis.

It is expected that ACP has different effects to system capacity with different loadings. This is due to the fact that when CDMA system is simulated with impractical loadings (with 5% outage), most the mobiles need to use high output powers. When practical loadings (50-75%) are used mobiles are using lower power levels in average. Therefore it is also believed that the effect of the ACP to system capacity is different at practical loadings.

10 Modelling of ACP to the capacity simulator

Until now the upllink ACP has been modelled to the simulator in a way that ACP is the same in all UE power levels. 

From the PA (Power Amplifier) point of view, the maximum output powers are the most challenging to implement (and have significant effects on the size of the WCDMA terminal due to thermal heating issues). On the other hand, due to large dynamic range of WCDMA, the maximum output powers are quite rarely used in the system. Therefore we propose an additional ACP modelling approach for the capacity simulations:

ACP is modelled differently for the power levels Pmax - [4] dB than for other power levels. 

For example one case simulation could be that ACP is 30 dB at the Pmax – 4dB and 35 dB for the other power levels (see Figure 3). These simulation results could be then compared to the case where ACP is 35 dB for all power levels to see what is the effect of ACP at the highest power levels. 
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Figure 3. An exaxmple of new ACP modelling approach. 

11 Definition for performance 

First, maximum capacity for single operator is simulated. It is assumed that maximum capacity is reached when mean outage is 5 %. This corresponds rougly to 20 dB noise rise and 99 % of theoretical capacity.

Then, outage is measured with [50] and [75] % loading and with different ACP values. It is required that ACP is selected so that outage (average from worst/intermediate cases) is no more than [2]% with a same number of users  as in single operator case. Since "worst case layout" scenario is not very likely to occur in practice, it is proposed that simulations are performed for both "worst case layout" and for "intermediate case layout". ACP value should be defined as a average of these two cases i.e. for example if worst case layout scenario shows 3% outage for certain ACP value and intermediate layout scenario 1% outage with the same ACP, the average outage of those two scenarios is 2%. 

12 Modeling of ACP and ACS

It is crucial to model ACP and ACS together with system simulations /3/. Mobile station ACS should be first measured by means of downlink system simulations so that downlink performance requirments are fullfilled (annex 2). Then the obtained value is exploited with uplink ACP simulations. Currently the working assumption for UE receiver filter selectivity is   is [30] dB. 

The method how the mobile station ACS is taken into account with ACP simulations  is presented later.

13 Conclusions 

Detailed proposals for 3GG uplink ACP analysis were given in this document. This contribution can be used as a discussion basis in WG4. 
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ANNEX 2 
ACS Simulations

15 INTRODUCTION

The taken approach is similar than for uplink simulations in Appendix 1. Here some additional modeling issues should be considered such as downlink orthogonality.

16 Propagation models

Propagation models for macro cellular and micro cellular environments are as efined in Annex 1.

The selected MCL for macro cell case is [80 dB] dB and for micro cell case [60 dB] dB.

17 Modeling of power control, handover etc. algorithms

As in uplink, also in downlink a simulation step constitutes of mobile placement, pathloss calculations, handover, power control and statistics collecting. After the mobile stations are placed to the network, and the operator is selected for the user pathloss between each mobile station and base station is calculated and stored to G-matrix as in uplink.Then active base stations are selected for the mobile station. Then a stabilization period is started. During stabilization power control is executed so long that the used powers reach the level required for the required quality. After that SIR and other data is collected. When a single step is finished, mobile stations are re-located to the system and the above processes are executed again.

Active set for a the mobile station is selected in same manner as defined for uplink in Annex 1: The candidate set is composed from base stations that pathloss is within handover margin, i.e., base stations that received pilot is stronger than the received pilot of the strongest base station subtracted by the handover margin. The active set of base stations is selected randomly from the candidate base stations. A mobile stations may be connected to maximum of [3] base stations simultaneously. Operator( or hierarchy layer ) for the mobile station is selected randomly, so that the number of users per base stations is the same for the both operators ( hierarchy layers ).

In the downlink, macro diversity is modeled so that signal received from active base stations is summed together (or measured SIR values are summed).

When doing power control the received instantaneous SIR is first measured in the receiver. If the received SIR was below the SIR threshold, the used power during the next power control step is increased by [1] decibels. If the received SIR was better than the threshold the used power is decreased by the size of the power control step. Power control error probabilty is [0] % and power control delay [0] seconds. 

SIR threshold is a simulation parameter. SIR threshold is measured by the means of link level simulation. With power control some margin can be added so that the power control aims to adjust SIR better than the threshold for quality. This is needed since well operating power control adjusts power around the threshold, when some of the local-mean-SIR samples are less than quality threshold.

Orthogonality factor is a simulation parameter and it is measured by the means of link level simulation. Orthogonality factor of 0 corresponds to perfectly orthogonal intra-cell users while with the value of 1 the intra-cell interference has the same effect as inter-cell interference. For macro cell users orthogonality factor should be [0.4], and for micro cell users [0.06], as given in /1/. The transmission of the base stations that do not direct their transmission to the observed user contributes to the noise, N0. Signal-to-interference-ratio will be:
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where S is the received signal, Gp is processing gain, Iown is interference generated by those users that are connected to the same base station that the observed user, Iother is interference from other cells and N0 is thermal noise. Thermal noise is calculated for 4.096 MHz band by assuming 9?? dB system noise figure. Thermal noise power is then equal to -99 dBm. Iown includes also interference caused by perch channel and common channels. Transmission powers for them is in total [1] W in macro cells and [0.1] W in micro cells.

The orthogonality factor ( is calculated in (2).  Eb/No is the performance figure for one user case without own cell interference and Eb/Io is the corresponding figure for the case in which own cell interference is high and noise is negligible. The produced ( will be





(2)

Proposed value for alfa is 0.4 in macro cells, and 0.06 in micro cells /1/. Proposed value for SIR threshold for required quality (BER/FER) is 9.6 dB in macro cells and [TBD] dB in micro cells/1/.

18 System scenario

The same simulation cases are proposed as in uplink (see Annex 1). Two simulation cases are proposed: macro to macro multi operator case and macro to micro HCS (hierarchical cell structure) case. The number of cases is limited. If too many case are selected simulator implementation and simulation times become exccessive. 
19 Definition for performance 

First, single operator capacity is measured. From the simulation, outage probability is measured.  A snapshot is in outage if the measured SIR (or Eb/No) is below required SIR (or Eb/No) for the simulated service. Required SIR is measured by link level tools in presence of noise and interference.

Since "worst case layout" scenario is not very likely to occur in practice, it is proposed that simulations are performed for both "worst case layout" and "intermediate case layout". ACS value should be defined as an average of these two cases.  

It is required that the performance degradation (average from worst/intermediate cases) is no more than [TBD]% of the single operator capacity. Then outage probability for both operators should be no more than outage probability for single operator case. Both worst case layout and intermediate layout scenarious shall be simulated. 

20 Conclusions 

Detailed proposals for 3GG downlink ACS analysis were given in this document. This contribution can be used as discussion basis in WG4. 
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ANNEX 3: European and Japanese frequency allocation tables:

Table 3.1. : European frequency allocation:

Frequency band
RR Region 1 allocation and relevant footnotes
European Common Allocation
Major Utilisation
Notes

2010 - 2025

MHz
FIXED 

MOBILE 

S5.388
FIXED

MOBILE

S5.388
IMT-2000


EU16 EU15

ERC Decision ERC/DEC/(97)07.

2025 - 2110

MHz


SPACE OPERATION (Earth-to-space) (space-to-space) 

EARTH EXPLORATION-SATELLITE (Earth-to-space) (space-to-space) 

FIXED 

MOBILE S5.391

SPACE RESEARCH (Earth-to-space) (space-to-space) 

S5.392
FIXED 

MOBILE  S5.391

SPACE RESEARCH     (Earth-to-space) (space-to-space)

SPACE OPERATION    (Earth-to-space) (space-to-space)

EARTH EXPLORATION SATELLITE (Earth-to-space) (space-to-space)

S5.392
Fixed links

Space science services.

Mobile systems.
EU2 EU16A EU15

Channel plan for the fixed service in ERC Recommendation 

T/R 13-01, Annex C.



2110 - 2120

MHz
FIXED 

MOBILE 

SPACE RESEARCH (deep space)(Earth-to-space) 

S5.388


FIXED

MOBILE

SPACE RESEARCH     (Earth-to-space)(deep space)

S5.388
IMT-2000
EU15 EU16

ERC Decision ERC/DEC/(97)07.

2120 - 2170

MHz
FIXED 

MOBILE 

S5.388
FIXED

MOBILE

S5.388
IMT-2000 
EU15 EU16

ERC Decision ERC/DEC/(97)07.

2170 - 2200

MHz
FIXED 

MOBILE 

MOBILE-SATELLITE (space-to-Earth) 

S5.388 S5.389A S5.389F S5.392A
FIXED 

MOBILE 

MOBILE-SATELLITE (space-to-Earth) 

S5.388 S5.389A 


IMT-2000

Satellite personal communications systems. 
EU15 EU16

ERC Decisions ERC/DEC/(97)03, ERC/DEC/(97)04 and ERC/DEC/(97)07.

2200 - 2290

MHz
SPACE OPERATION (space-to-Earth) (space-to-space) 

EARTH EXPLORATION-SATELLITE (space-to-Earth) (space-to-space)
FIXED 

MOBILE S5.391

SPACE RESEARCH (space-to-Earth) (space-space) 

S5.392
SPACE OPERATION (space-to-Earth) (space-to-space) 

EARTH EXPLORATION-SATELLITE (space-to-Earth) (space-to-space) 

FIXED

MOBILE S5.391 

SPACE RESEARCH (space-to-Earth) (space-to-space)
S5.392


Fixed links

Space science services

Mobile systems.
EU15 EU16A

Channel plan for the fixed service in ERC 

Recommendation 

T/R 13-01, Annex C.

RA VLBI.

Table 3.2. Japanese frequency allocation:

1710 - 2160MHz 

INTERNATIONAL
JAPAN

(1)
(2)
(3)
(4)
(5)

Region 1
Region 2
Region 3
Band
Remarks

1710-1930
FIXED


MOBILE S5.380
1710-1850

 FIXED

 MOBILE J119

 SPACE RESEARCH(Earth-to-space) J120

 SPACE OPERATION(Earth-to-space) J120

 J47



S5.149 S5.341 S5.385 S5.386 S5.387 S5.388
1850-1980 


1930-1970

 FIXED

 MOBILE

 S5.388
1930-1970

 FIXED

 MOBILE

 Mobile-Satellite(Earth-to-space)

 S5.388
1930-1970

 FIXED

 MOBILE

 S5.388
 FIXED

 MOBILE


Digital cordless telephone

Personal handy phone system



1970-1980

 FIXED

 MOBILE

 S5.388
1970-1980

 FIXED

 MOBILE

 S5.388
1970-1980

 FIXED

 MOBILE

 S5.388
 J122


1980-2010
FIXED


MOBILE


MOBILE-SATELLITE (Earth-to-space)


S5.388 S5.389A S5.389B S5.389F
1980-2010

 FIXED

 MOBILE

 MOBILE-SATELLITE (Earth-to-space)

 J122 J123


2010-2025

 FIXED

 MOBILE

 S5.388
2010-2025

 FIXED

 MOBILE

 MOBILE-SATELLITE (Earth-to-space)

 S5.388 S5.389C S5.389D S5.389E
2010-2025

 FIXED

 MOBILE

 S5.388
2010-2025

 FIXED

 MOBILE

 J122


2025-2110
SPACE OPERATION(Earth-to-space) (space-to-space)


EARTH EXPLORATION-SATELLITE (Earth-to-space)


 (space-to-space)


FIXED


MOBILE S5.391


SPACE RESEARCH(Earth-to-space) (space-to-space)


S5.392
2025-2110

 FIXED

 MOBILE J124

 SPACE RESEARCH(Earth-to-space)

 (space-to-space)

 SPACE OPERATION(Earth-to-space)

 (space-to-space)

 EARTH EXPLORATION-SATELLITE (Earth-to-space)(space-to-space)

 J125


2110-2120
FIXED


MOBILE


SPACE RESEARCH(deep space)(Earth-to-space)


S5.388
2110-2120

 FIXED

 MOBILE

 SPACE RESEARCH(deep space) (Earth-to-space)

 J122


2120-2160

 FIXED

 MOBILE

 S5.388
2120-2160

 FIXED

 MOBILE

 Mobile-Satellite (space-to-Earth)

 S5.388
2120-2160

 FIXED

 MOBILE

 S5.388
2120-2170

 FIXED

 MOBILE

 J122

(continued)


2160 - 2290MHz 

INTERNATIONAL
JAPAN

(1)
(2)
(3)
(4)
(5)

Region 1
Region 2
Region 3
Band
Remarks

2160-2170

 FIXED

 MOBILE

 S5.388 S5.392A
2160-2170

 FIXED

 MOBILE

 MOBILE-SATELLITE (space-to-Earth)

 S5.388 S5.389C S5.389D S5.389E
2160-2170

 FIXED

 MOBILE

 S5.388
 (continuation)
2120-2170

 FIXED

 MOBILE

 J122


2170-2200
FIXED


MOBILE


MOBILE-SATELLITE (space-to-Earth)


S5.388 S5.389A S5.389F S5.392A
2170-2200

 FIXED

 MOBILE

 MOBILE-SATELLITE (space-to-Earth)

 J122 J123


2200-2290
SPACE OPERATION (space-to-Earth)(space-to-space)


EARTH EXPLORATION-SATELLITE (space-to-Earth) 


(space-to-space)


FIXED


MOBILE S5.391


SPACE RESEARCH (space-to-Earth)(space-to-space)


S5.392
2200-2290

 FIXED

 SPACE RESEARCH (space-to-Earth)

 (space-to-space)

 SPACE OPERATION (space-to-Earth)

 (space-to-space)

 EARTH EXPLORATION-SATELLITE (space-to-Earth) (space-to-space)

 MOBILE J124

 J125


2290 - 2655MHz

INTERNATIONAL
JAPAN

(1)
(2)
(3)
(4)
(5)

Region 1
Region 2
Region 3
Band
Remarks

2290-2300
FIXED


MOBILE except aeronautical mobile


SPACE RESEARCH(deep space)(space-to-Earth)


2290-2300

 FIXED

 MOBILE except aeronautical mobile

 SPACE RESEARCH(deep space) (space-to-Earth)


2300-2450

 FIXED

 MOBILE
2300-2450

 FIXED

 MOBILE
2300-2400

 FIXED

 MOBILE


 Amateur
 Radiolocation

 S5.150 S5.282 S5.395
 RADIOLOCATION

 Amateur

 S5.150 S5.282 S5.393 S5.394 S5.396
2400-2450

 MOBILE

 RADIOLOCATION

 Amateur

 J48 J89
Premises radio

Specified low power radio station

2425MHz (Designated for Amateur Station)

2450MHz (radio oven)
















� In some other references the meaning of MCL is different than is this document (e.g. in some references MCL is


calculated from the existing RF specification to show how much attenuation is needed between two antennas in order to guarantee safety system operation). 


� Assuming 9 dB noise figure -->  -108dBm +9 dB =-99 dBm


� Assuming 9 dB noise figure -->  -108dBm +9 dB =-99 dBm


� J.E. Berg , “A recursive Method For Street Microcell Path Loss Calculations”, PIMRC ‘95, Vol 1, pp 140-143
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