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1. Summary
This document continues the discussion on the TX spurious emission requirements for a Band VIII UE.  At the last RAN4 meeting the requirements were left FFS to allow time for companies to consider the problems and proposal in Tdoc R4-051367. This document provides further analysis of the issues with a proposed CR
2. INTRODUCTION 

For Band VIII the following requirements are specified in TS 25.101 V7.2.0 (2005-12) in table 6.13. Items highlighted are shown as currently agreed (green) and outstanding (yellow). 

Table 6.13: Additional spurious emissions requirements
	VII
	921 MHz  f < 925 MHz
	100 kHz
	-60 dBm *

	
	925 MHz f 935 MHz
	100 kHz
3.84 MHz
	-67 dBm *
-60 dBm

	
	935 MHz < f  960 MHz
	100 kHz
	-79 dBm *

	
	1805 MHz  f  1880 MHz
	100 kHz
	-71 dBm *

	
	2110 MHz  f  2170 MHz
	3.84 MHz
	-60 dBm

	
	2620 MHz  f  2690 MHz
	3.84 MHz
	-60 dBm

	
	2590 MHz  f  2620 MHz
	3.84 MHz
	-50 dBm

	VIII
	921 MHz  f < 925 MHz
	100 kHz
	-47 dBm*

	
	925 MHz f 935 MHz
	[TBD]
	[TBD]

	
	935 MHz < f  960 MHz
	[TBD]
	[TBD]

	
	1805 MHz < f  1880 MHz
	[TBD]
	[TBD]

	
	2110 MHz  f  2170 MHz
	3.84 MHz
	-60 dBm

	
	2620 MHz  f  2690 MHz
	[TBD]
	[TBD]

	IX
	860 MHz  f  895 MHz
	3.84 MHz
	-60dBm

	
	1844.9 MHz  f  1879.9 MHz
	3.84 MHz
	-60dBm

	
	1884.5 MHz f 1919.6 MHz
	300 kHz
	-41 dBm

	
	2110 MHz  f  2170 MHz
	3.84 MHz
	-60 dBm

	Note *
The measurements are made on frequencies which are integer multiples of 200 kHz. As exceptions, up to five measurements with a level up to the applicable requirements defined in Table 6.12 are permitted for each UARFCN used in the measurement


In TS 25.101 the requirements for spurious emissions are applicable for all frequencies, which are greater than 12.5 MHz away from the UE centre carrier frequency and defined in terms of;

a.
General spurious requirement (Table 6.12) 
	Frequency Bandwidth
	Measurement Bandwidth
	Minimum requirement

	9 kHz ( f < 150 kHz
	1 kHz
	-36 dBm

	150 kHz ( f < 30 MHz
	10 kHz
	-36 dBm

	30 MHz ( f < 1000 MHz
	100 kHz
	-36 dBm

	1 GHz ( f < 12.75 GHz
	1 MHz
	-30 dBm


In the UL the key spurious emission contribution results from the 2nd and 3rd harmonic generated in the RF PA amplifier. In this case the -30 dBm/1MHz limit can be met in a well designed implementation and is the case when the UE operates in other bands (I –VI and IX)
b. Additional spurious emission requirements (Table 6.13)
These requirements are covered by a general notional protection criteria of (-60 dBm/3.84 MHz) and an additional GSM requirement specified in terms of dBm/100KHz. For GSM protection a number of exceptions are allowed to address the case of 2nd and 3rd harmonic generation for the operating bands that are harmonically related e.g. GSM900 transmit band and GSM1800 receive band in which case the minimum requirement of  table 6.12 (-30dBm/1 MHz) is applicable in the UMTS specification. Exceptions of (-36 dBm/100kHz) are also allowed in the GSM specification 
In this document we consider the requirement for spurious emission for the 2nd and 3rd harmonic generation due to a wide band transmitted signal i.e. 3.84 Mcps WCDMA 
3.0
921-925 MHz emission 
For the case of a co-located UMTS900 and R-GSM900 terminal a problem exists in obtaining sufficient TX filtering to achieve the generic -60 dBm/3,84MHz criteria due to the narrow frequency separation. However before we define a requirement it is useful to understand the requirement for the R-GSM bands. For example in the GSM specification the following bands are defined;
 

a) 
Standard or primary GSM 900 Band, P‑GSM:
For Standard GSM 900 band, the system is required to operate in the following frequency band:
-               890 MHz to 915 MHz: mobile transmit, base receive;
-               935 MHz to 960 MHz: base transmit, mobile receive.
 

b)
Extended GSM 900 Band, E‑GSM (includes Standard GSM 900 band):
              
For Extended GSM 900 band, the system is required to operate in the following frequency band:
-               880 MHz to 915 MHz: mobile transmit, base receive;
-               925 MHz to 960 MHz: base transmit, mobile receive.
 

c)
Railways GSM 900 Band, R‑GSM (includes Standard and Extended GSM 900 Band);
For Railways GSM 900 band, the system is required to operate in the following frequency band:
-             
  876 MHz to 915 MHz: mobile transmit, base receive;
-               921 MHz to 960 MHz: base transmit, mobile receive.
However mobile terminal in the GSM specifications that support P-GSM and E-GSM do not have to meet any requirement for R-GSM in particular spurious emissions. The spurious emission requirements for R-GSM are only applicable for a R-GSM terminal.
In the 3GPP WCDMA specification TS25.101, the following GSM band frequencies has been added 
	VIII
	880 – 915 MHz (Tx) 
	925 – 960 MHz (Rx) 


Band VIII covers only the Extended GSM 900 Band (E‑GSM includes Standard GSM 900 band) and does not include the R-GSM operating band. It is therefore not clear why the R-GSM band has been included in specification for TS25.101 when these requirements are not needed for standard GSM900 only terminal. It is therefore proposed the R-GSM requirement is removed from the specification for all operating bands in TS25.101
4.0
Spurious emission arising from 2nd and 3rd harmonic

For a UMTS Band VIII UE, the 2nd and 3rd harmonics partially overlap bands III and VII, where -60 dBm is proposed. For Band III, the 2nd harmonic overlap region is 1805 MHz - 1830 MHz and for Band VIII the 3rd harmonic overlap region is 2640 MHz  2690 MHz. This is shown below







For the overlap region the notional requirement of (-60 dBm/3.84 MHz) will require a further 35 dB (relative to table 6.12 of -30dBm/1MHz) of additional filtering. The standard antenna duplexer filter is not designed to provide significant stop band attenuation for these high levels of harmonic generated by the PA (-84 dBc for a 24 dBm terminal is needed).  High performance harmonic filtering can be added to the PA output, but attenuation can only be achieved with a corresponding high insertion loss (1.0dB+) in the Tx pass band and then with a limited attenuation value.  However we need to consider due to the narrow Tx-Rx spacing for a Band VIII terminal the duplexer filtering losses (4dB+) in the transmit path are already quite significant and therefore further attenuation losses due to a harmonic filter is a problem due to constraints on peak current, battery life and thermal dissipation.
In GSM900 the impact of 2nd and 3rd harmonics are handled by allowing up to 5 exceptions at (-36dBm/100kHz). In the case of UTMS900 the 5 allowed exceptions will not help, as the 7.68 (2*3.84) MHz wide UE 2nd harmonic signal would require something in the order of 35+ of the 200 kHz channel exceptions.  
In this case it is proposed to define the requirement in two parts 

· For the 2nd and 3rd harmonic region the requirement are set to the allowed exception limits of -30dBm/1MHz (Table 6.12) general requirements
· For the non-lap region the notional requirement for GSM and WCDMA are maintained 

· The justification for the proposed limits are provided in Annex 1

5.0

cONCLUSION

Based on the issues raised in this document we propose the additional spurious emission requirements should be set at 
Table 6.13: Additional spurious emissions requirements

	Operating Band
	Frequency Bandwidth
	Measurement Bandwidth
	Minimum requirement

	I
	860 MHz ( f ( 895 MHz
	3.84 MHz
	-60 dBm

	
	
	
	

	
	925 MHz f 935 MHz
	100 kHz
3.84MHz
	-67 dBm *
-60 dBm

	
	935 MHz < f  960 MHz
	100 kHz
	-79 dBm *

	
	1805 MHz  f  1880 MHz
	100 kHz
	-71 dBm *

	
	1844.9 MHz  f  1879.9 MHz
	3.84 MHz
	-60dBm

	
	1884.5 MHz <f<1919.6 MHz
	300 kHz
	-41 dBm

	
	2110 MHz  f  2170 MHz
	3.84 MHz
	-60 dBm

	
	2620 MHz  f  2690 MHz
	3.84 MHz
	-60 dBm

	II
	869 MHz ( f ( 894 MHz
	3.84 MHz
	-60 dBm

	
	1930 MHz ( f ( 1990 MHz
	3.84 MHz
	-60 dBm

	
	2110 MHz ( f ( 2155 MHz
	3.84 MHz
	-60 dBm

	III
	
	
	

	
	925 MHz f 935 MHz
	100 kHz
3.84 MHz
	-67 dBm *
- 60 dBm

	
	935 MHz < f  960 MHz
	100 kHz
	-79 dBm *

	
	1805 MHz ( f ( 1880 MHz
	3.84 MHz
	-60 dBm

	
	2110 MHz  f  2170 MHz
	3.84 MHz
	-60 dBm

	
	2620 MHz  f  2690 MHz
	3.84 MHz
	-60 dBm

	IV
	869 MHz ( f ( 894 MHz
	3.84 MHz
	-60 dBm

	
	1930 MHz ( f ( 1990 MHz
	3.84 MHz
	-60 dBm

	
	2110 MHz ( f ( 2155 MHz
	3.84 MHz
	-60 dBm

	V
	869 MHz ( f ( 894 MHz
	3.84 MHz
	-60 dBm

	
	1930 MHz ( f ( 1990 MHz
	3.84 MHz
	-60 dBm

	
	2110 MHz ( f ( 2155 MHz
	3.84 MHz
	-60 dBm

	VI
	860 MHz  f < 875 MHz
	1 MHz
	-37dBm

	
	875 MHz  f  895 MHz
	3.84 MHz
	-60dBm

	
	1844.9 MHz  f  1879.9 MHz
	3.84 MHz
	-60dBm

	
	1884.5 MHz f 1919.6 MHz
	300 kHz
	-41 dBm

	
	2110 MHz  f  2170 MHz
	3.84 MHz
	-60 dBm

	VII
	
	
	

	
	925 MHz f 935 MHz
	100 kHz
3.84 MHz
	-67 dBm *
-60 dBm

	
	935 MHz < f  960 MHz
	100 kHz
	-79 dBm *

	
	1805 MHz  f  1880 MHz
	100 kHz
	-71 dBm *

	
	2110 MHz  f  2170 MHz
	3.84 MHz
	-60 dBm

	
	2620 MHz  f  2690 MHz
	3.84 MHz
	-60 dBm

	
	2590 MHz  f  2620 MHz
	3.84 MHz
	-50 dBm

	VIII
	
	
	

	
	925 MHz f 935 MHz
	100 kHz
3.84 MHz
	-67 dBm*
-60 dBm

	
	935 MHz < f  960 MHz
	100 kHz
3.84 MHz
	-79 dBm*
-60 dBm

	
	1805 MHz < f  1830 MHz
	100 kHz
3.84 MHz
	**
**

	
	1830 MHz < f  1880 MHz
	100 kHz
3.84 MHz
	-71 dBm *
-60 dBm

	
	2110 MHz  f  2170 MHz
	3.84 MHz
	-60 dBm

	
	2620 MHz  f  2640 MHz
	3.84 MHz
	-60 dBm

	
	2640 MHz  f  2690 MHz
	3.84 MHz
	**

	IX
	860 MHz  f  895 MHz
	3.84 MHz
	-60dBm

	
	1844.9 MHz  f  1879.9 MHz
	3.84 MHz
	-60dBm

	
	1884.5 MHz f 1919.6 MHz
	300 kHz
	-41 dBm

	
	2110 MHz  f  2170 MHz
	3.84 MHz
	-60 dBm

	Note *
The measurements are made on frequencies which are integer multiples of 200 kHz. As exceptions, up to five measurements with a level up to the applicable requirements defined in Table 6.12 are permitted for each UARFCN used in the measurement
**     Applicable requirements defined in Table 6.12 scaled for 100 KHz and 3.84 MHz


Annex A:
UE to UE interference analysis (alternative approach)
This approach is to calculate the minimum coupling loss between the two mobiles in-order to consider, a minimum separation distance based on free space losses

[image: image1]
We analysis the case for the GSM specification highlighted below


4.3.3.1
Mobile Station GSM 400, GSM 900 and DCS 1 800

….When allocated a channel, the power emitted by the MS, when measured using the measurement conditions specified in sub-clause 4.2.1, but with averaging over at least 50 burst measurements, with a filter and video bandwidth of 100 kHz, for measurements centred on 200 kHz multiples shall be no more than:

‑
-67 dBm in the bands 460.4 – 467.6 MHz and 488.8 - 496 MHz   for GSM400 MS only;

‑
-60 dBm in the band 921 - 925 MHz



 for R-GSM MS only;

‑
-67 dBm in the band 925 - 935 MHz;

‑
-79 dBm in the band 935 –960 MHz;

‑
-71 dBm in the band 1805 - 1880 MHz;

-
-66 dBm in the bands 1900 - 1920 MHz, 1920 - 1980 MHz, 2010 - 2025 MHz, and 2110  2170 Hz..

As exceptions up to five measurements with a level up to ‑36 dBm are permitted in each of the bands 925 MHz to 960 MHz, 1 805 MHz to 1 880 MHz, 1900 - 1920 MHz, 1920 - 1980 MHz, 2010 - 2025 MHz, and 2110 - 2170 MHz for each ARFCN used in the measurements. For GSM 400 MS, in addition, exceptions up to three measurements with a level up to ‑36 dBm are permitted in each of the bands 460,4 MHz to 467,6 MHz and 488,8 MHz to 496 MHz for each ARFCN used in the measurements.

UE separation distance assuming free space losses
	
	UE1Tx band

Tx  Mode
	UE2Rx band

(MHz)
	Rx Mode
	Rx noise

floor

(dBm)
	Spurious emission

interference
	MCL
	~UE separation

Distance

	1
	GSM/UMTS
	925-935
	GSM
	-111 
	-67dBm/100kHz*
	27 dB
	0.6 metre

	2
	GSM/UMTS
	935-960
	GSM
	-111 
	-79dBm/100kHz*
	15 dB
	0.2 metre

	3
	GSM exceptions
	925-960
	GSM
	-111
	-36dBm/100kHz*
	58 dB
	21.0 metre

	4
	UMTS
	925-960
	UMTS
	-99
	-60dBm/3.84 MHz
	19 dB
	0.2 metre

	
	
	
	
	
	
	
	

	5
	GSM
	1805-1830
	GSM
	-111
	-71dBm/100kHz*
	25 dB
	0.3metre

	6
	GSM exceptions
	1805-1830
	GSM
	-111
	-36dBm/100kHz*
	62 dB
	16.8 metre

	7
	UMTS exceptions
	1805-1830
	GSM
	-111
	-30dBm/1MHz**
	58 dB
	10.6 metre

	8
	UMTS exceptions
	1805-1830
	UMTS
	-99
	-30dBm/1MHz
	59 dB
	11.8 metre

	9
	GSM/UMTS
	1830-1880
	GSM
	-111
	-71dBm/100kHz*
	25 dB
	0.3 metre

	10
	UMTS
	1830-1880
	UMTS
	-99
	-60dBm/3.84 MHz
	23 dB
	0.2 metre

	
	
	
	
	
	
	
	

	11
	UMTS
	2620-2640
	UMTS
	-99 
	-60dBm/3.84 MHz
	23 dB
	0.1metre

	12
	UMTS exception
	2640-2690
	UMTS
	-99 
	-30dBm/1 MHz**
	59 dB
	8.2 metre


Note results are based on following assumptions;
1. UEI is a UMTS 900 terminal and UE2 is the interfered terminal 

2. Rx bandwidth is assumed to be 200 KHz for GSM and 3.84 MHz for WCDMA
3. Spurious emission level is adjusted for the Rx bandwidth of GSM and WCDMA
4. Spurious emission level assumes UE is transmitting at maximum adjacent to user at noise floor

5. Rx Noise Figure is assumed to be 9 dB for all bands. 
6. Rx noise floor is assumed implying UE2Rx band  is at minimum sensitivity 

7. Includes antenna + body loss for 900 MHz (5-10 dB) and 5-8 dB for 1800/2600 (5-8 dB) MHz

8. MCL = spurious emission level (3dB Rx bandwidth) + UE(s) antenna and body loss – Rx noise floor
9. UE separation distance is derived from the free space losses path model of determined MCL value
The results show that that 

· For a UMTS900 terminal co-located to a GSM900 terminal no exceptions are needed compared to the GSM900 to GSM900 case.
· A UMTS900 terminal co-located to a GSM1800 terminal an exception is required when there is a 2nd harmonic frequency overlap and here the separation distance increases 
· A UMTS900 terminal co-located to a UMTS2600 terminal an exception is required for the 3rd harmonic overlapping band
· We also need to consider the impact of allowed exceptions in the requirement and the difference in technology. For GSM the number of channels affected are small (5 vs 35) and frequency hopping introduces a time element which could reduces the possible impact. On the other hands GSM peak power is higher. However GSM900 to GSM900 co-existence has not been identified as a deployment issue – so the value of worst case analysis could be questionable.
Worst case analysis is based on the condition we have two users, both at the cell edge so that one is at maximum power while the other is at sensitivity, and on the right frequency pairing, and they are co-located.    We need to balance this probability of compared to adding up to a dB of insertion loss to every user in Band VIII to provide PA harmonic suppression as this could impact the goal of a operator to deploy UMTS900 in  rural areas where worst case co-existence analysis may not be applicable (in terms of probability of occurrence). 
If the operators feel this probability is high enough that we have to allow for it this may forces terminal operating in this band to have a lower output class due to the addition of a harmonic filter. This is because due to the narrow Rx/Tx spacing in Band VIII, a UMTS900 terminal represents the largest increase in Tx antenna losses compared to any of the current operating bands. Therefore support of Power Class 3 and 3 bis for UMTS900 may not be possible due to constraints on peak current (both UE and battery), battery life and thermal dissipation. In particular thermal dissipation represents a problem particular as terminals size decrease and will impact the user experience and perception 

In terms of co-located scenarios or in urban scenario where this probability could occur, one should recall that the harmonic power is dependent on the output power of the UE. The level of harmonics is high when the output power is high and when the output power is not at maximum the level of harmonics is also significantly lower. So in an urban micro scenario the UE may not be operating close to maximum power. 
In order to estimate the probability that the UE output power is close to the maximum a PDF and CDF of UE output power in scenario 1 of UMTS900 (Urban Macro) system scenarios is shown below:
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From the graphs above one can note that the probability that the UE output power is less than -15dBm is 99.99%. Assuming that the both the interfering and victim UE are located indoors an IPF (Indoor Penetration Factor) needs to be added. IPF of 15dB has been previously used during the UMTS900 work.

When 15dB IPF is added to the results we can conclude that the probability that UE output power is above 0dBm, which is still 24dB lower than the maximum power is 0.01%. Making quite conservative assumption that there’s 1:1 relation between the output power and the harmonic component the probability that the harmonics are also more that 20dB below the maximum allowed level is 0.01%.

When the statistics of interfering UE output power distribution is combined with quite low, less than 1.5m, separation distance requirement the effect of relaxed UMTS900 additional spurious emissions requirements for 2nd and 3rd harmonic for UMTS and other cellular systems will be negligible.
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UE TX harmonic bands partially overlap the UE RX bands III and VII
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