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Aspects and considerations when aligning some RF performance to UMTS requirements 

1 Introduction

Work has been going on in GERAN WG1 to relax some RF performance requirements to allow for usage of multicarrier transmitters in GSM. The important parameters to consider are Intra BSS IM attenuation (IBSS IM) and related spurious emissions. CRs to 45.005 and 51.021 are close to be agreed by GERAN for a moderate relaxation level, see reference [1]. However, this degree of relaxation is too small to make it feasible to design multicarrier equipment with highest possible power efficiency. The complexity (and cost) will also be higher than corresponding unit for UMTS and prohibiting efficient reuse of common HW. Thus a further relaxation is needed to reuse UMTS design, although maybe with some modification. The benefits of such an alignment were described in reference [4] at TSG GERAN #37. Proposed CRs in reference [2] and [3] show such an alignment. This document is an attempt to derive these proposed values for IBSS IM and spurious emissions.
2 Basic assumptions
The proposed values are based on the study and decisions taken during the investigation of similar scenario of co-existence of UMTS and GSM in 900 MHz band. The basic idea is to find requirement levels that provide the opportunity to use efficient transmitter design and still cause no more interference than a UMTS system using the same equipment.

2.1 IBSS IM level
2.1.1 Efficiency aspects
From the power efficiency point of view there is a trade-off between IBSS IM attenuation performance and power efficiency. To assimilate the progress in PA technology of 3G technologies, the performance need to be close to that of these technologies. Two levels of relaxation of IBSS IM have been discussed, -70 dBc, measured as average values, and -60 dBc (average). The latter value is close to 3G requirements and can probably be reached with a minor enhancement of performance for the state-of the art PA for 3G equipment. Thus an alignment with 3G requirement is worth investigating.

2.1.2 UTRAN/E-UTRAN requirements 

From 25.104 (reference [5]) there is an intermodulation requirement in subclause 6.7:

“The transmit intermodulation performance is a measure of the capability of the transmitter to inhibit the generation of signals in its non linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter via the antenna.
The transmit intermodulation level is the power of the intermodulation products when a WCDMA modulated interference signal is injected into the antenna connector at a mean power level of 30 dB lower than that of the mean power of the wanted signal” with minimum requirement 
“The transmit intermodulation level shall not exceed the out of band emission or the spurious emission requirements of clauses 6.6.2 and 6.6.3in the presence of a WCDMA modulated interference signal with a mean power level 30 dB lower than the mean power of the wanted signal.”

From corresponding specification for LTE TS 36.104 [reference [6]] the intermodulation for is specified in a similar way in subclause 6.7 with following minimum requirements:
“The transmitter intermodulation level is the power of the intermodulation products when an interfering signal is injected into the antenna connector. The wanted signal channel bandwidth BWChannel shall be the maximum bandwidth supported by the base station. The offset of the interfering signal from the wanted signal shall be as in Table 6.7‑1.

Table 6.7-1 Interfering and wanted signals for the Transmitter intermodulation requirement

	Parameter
	Value

	Wanted signal
	E-UTRA signal of maximum channel bandwidth BWChannel

	Interfering signal type
	E-UTRA signal of channel bandwidth 5 MHz

	Interfering signal level
	Mean power level 30 dB below the mean power of the wanted signal

	Interfering signal centre frequency offset from wanted signal carrier centre frequency
	-BWChannel /2 - 12.5 MHz

-BWChannel /2 - 7.5 MHz

-BWChannel /2 - 2.5 MHz

BWChannel /2 + 2.5 MHz

BWChannel /2 + 7.5 MHz

BWChannel /2 + 12.5 MHz

	NOTE:
Interfering signal positions that are partially or completely outside of the operating frequency band of the base station are excluded from the requirement.


The transmitter intermodulation level shall not exceed the unwanted emission limits in Clause 6.6 in the presence of an interfering signal according to Table 6.7‑1. The measurement can be limited to frequencies on which third and fifth order intermodulation products appear, considering the width of these products.”

Thus it can be assumed that emissions outside TX shall conform to the out of band emissions up to 10 MHz and spurious emissions at frequency offsets above 10 MHz.

To get the broadest basis for usage UMTS requirements are used as base-line. Comparing 3GPP TS 25.104 for WCDMA and 36.104 for LTE it is found that the requirements are similar for spurious emissions at offsets larger than 10 MHz outside the TX band but for offsets less than 10 MHz the requirements more stringent in 25.104. For spurious emissions the requirements in ITU-R SM329 Category B (reference [7]) are considered in both cases, as these requirements correspond to GSM requirements.
2.2 Spurious emissions inside the GSM TX band
The same proposal applies to both levels of relaxation.
2.3 Spurious emission outside the GSM TX band

During the within MSG TFES regarding introduction of UTRAN systems in 900 and 1800 MHz ,  the interpretation of the requirements in ECC 74-01E(05) (reference [8]), which is based on ITU-R 329, was done. A summary of the proposed interpretation and anticipated spurious emission requirement are summarized in 3GPP TR 25.942 (reference [9]). This chapter is attached as Annex A. Following figures are extracted from referred work within CEPT WG SE and WG PT:
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Figure 1. Proposed out of band and spurious emissions in the CEPT compatibility study for 900 MHz band
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Figure 2. Proposed out of band and spurious emissions in the CEPT compatibility study for 1800 MHz band

It should be noted that traditionally the interpretation of the bandwidth has been different for GSM and 3G systems. It’s reasonable to believe that the same requirement should be applied to any system, transmitting the same out of band emissions, as the interfered system would not care if it is a 3G or GSM system. Using this assumption, it is proposed to use the same requirement for any access technology in the same area.
In addition to the values for UTRAN analysis above it is proposed to introduce a slope for 5-10 MHz offset band outside the TX band for 900 as well as 1800 MHz to further protect the services in adjacent transmit bands.  

3 Proposed way forward

3.1 Proposed Out of band emissions

The different requirements outside the TX band are summarized and illustrated in figure 3 and 4, with the requirements normalized to 100 kHz measurement bandwidth.
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	Figure 3. Out of band emissions and spurious emissions for different access technologies in 900 MHz band


	[image: image4.emf]-50,0

-40,0

-30,0

-20,0

-10,0

0,0

10,0

0 5 10 15 20 25 30

F_offset (MHz)

dBm/100kHz



UMTS band III Cat B

GSM band III mod

LTE-5M band III Cat B

LTE-1,4M band III Cat B

GSM band III -70



	Figure 4. Out of band emissions and spurious emissions for different access technologies in 1800 MHz band


For frequency offsets larger than 10 MHz all curves regarding spurious emissions for GSM 900 are the same for the different levels of IM relaxation. All UMTS and GSM proposed requirements are more stringent than any bandwidth version of LTE. The specification for LTE is still not stable, and will probably change to be close to UMTS later on.

Note that the spurious emission for GSM starts at 2 MHz from edge of TX band.

To improve the alignment with requirements defined for UMTS compared to figure 1 and 2, the proposed spurious emission limit is less relaxed in the area 2-5 MHz. This is motivated by looking at the actual bandwidth for measuring spurious emission versus the bandwidth for measuring GSM carrier. Thus the relaxation is decreased by 4 dB to keep the same -60 dBc for 2-5 MHz outside TX band.

As can be seen in the figure 3 and 4 the proposed out of band emission levels for GSM 900 with IM relaxation to -70 dBc (light blue) is lower than the specified values in TS 25.104 (dark blue), while the proposed emission level for -60 dBc (GSM band VIII mod, yellow) is slightly higher for 2-5 MHz offset and less for higher offsets. For DCS 1800 band (GSM band III mod, yellow curve) the situation is similar. By adding filters, additional attenuation is possible at least from 2 MHz offset.
3.2 Simulations and analysis
3.2.1 Impact on networks of other GSM operators
This issue is covered by simulation results provided by Ericsson and ZTE, see reference [10] and [11].

The conclusion is that the impact on network performance is sufficiently low for IM relaxations up to -60 dBc. 
For co-existence of UMTS900 and UMTS1800 with GSM in respective band, the ECC report 082 (reference [12]) is based on scenarios and simulations performed by 3GPP.
3.2.2 Impact on GSM-R operation performance
This has been investigated for proposed IM attenuation values using the methodology in reference [13]. This shows that the approach proposed in this document and without any additional measures like filtering, the C/I degradation is less than 1 dB for 99,5 % of the users at the cell border areas along the railway track. Locating the interfering E-GSM BTS in a minimum distance of 500 m or 2500 m from cell border area along the track, 99% and 99,4% of the users respectively will experience less than 1 dB degradation of C/I.
3.2.3 Impact on other systems in adjacent frequency band
This is mainly an issue for regulatory for a like CEPT. For UMTS in 900 MHz band this was performed ECC report 096, including the impact on GSM-R, PMR/PAMR (e.g. TETRA, TAPS and CDMA), DME and MIDS, see reference [14]. Similarly for 1800 MHz band this report deals with the impact on DECT, METSAT, Radio Microphones and fixed services.
3.3 Liaison with other fora
It is recommended that cooperation is established with MSG groups GSM and TFES, as these groups have an official agreement with CEPT groups to communicate via liaison. 3GPP GERAN can support this work with scenarios and simulations needed. By involving TFES it can be assumed that the similarities and experience from the UMTS work would be beneficial for the progress.  
4 Conclusions

 In this document, values for relaxed IM and spurious emissions requirements to align with UTRAN/E-UTRAN levels are proposed. The choice of parameters is based on the estimated impact on systems in adjacent bands.  It is also proposed to cooperate with MSG GSM and TFES to facilitate the communication with relevant CEPT WGs and get benefits of the work already performed for UMTS 900 and 1800.
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Annex A: Extract from 3GPP TR 25.942 v7.0.0
a. 14.2
Spurious Emissions

i. 14.2.1
Mandatory requirements

Two categories of spurious emissions are defined for the base station in TS 25.104:

-
Category A (clause 6.6.3.1.1) is directly transposed from ITU-R Recommendation SM.329 [32];

-
Category B (clause 6.6.3.1.2): the levels are derived from ITU-R Recommendation SM.329 [32], where category B limits are an example of more stringent spurious domain emission limits than Category A limits, based on limits defined and adopted in Europe and used by some other countries. 

The Category B limits in clause 6.6.3.1.2 are based on the limits in SM.329 [32], clause 4.1, 4.3 and Annex 7, with the following modifications:
-
The transition bandwidth definitions are modified to allow more protection outside the UMTS band. ITU-R Recommendation SM.329 [32] Category B would allow a transition bandwidth from 12,5 MHz (250 % necessary bandwidth NB) to 60 MHz (12 x NB) where a reduced measurement bandwidth is applicable. This transition bandwidth was reduced in UMTS spurious emissions specification to ensure that the Category B value is reached at offsets greater than 10MHz from the edges of the operating band allocated for UMTS services. This will ease co-existence between adjacent services.

-
There are no steps applied for the reduced measurement bandwidth inside the operating band. Instead the smallest reduced measurement bandwidth is applied across the operating band and up to 10 MHz from the edges. Rationale and analysis of these modified limits is provided below in subclause 14.2.3. The modification was executed in liaison between ETSI, 3GPP and ECC [33].
ii. 14.2.2
Regional requirements

1. 14.2.2.1
Co-existence with adjacent services

To further improve protection between services, a slope in the 10 MHz region on both sides of the UMTS bandwidth may be applicable (clause 6.6.3.6).

2. 14.2.2.2
Co-existence with other systems

Specific spurious requirements are defined for co-existence with GSM 900 (clause 6.6.3.3), DCS1800 (clause 6.6.3.4) and PHS (clause 6.6.3.5). The values were derived from the requirements of the system under consideration.

iii. 14.2.3
Background of Spurious emission limits (Category B)

When the R99 specifications were developed, the limits for spurious and out-of-band emissions were developed in a liaison activity between 3GPP and CEPT/ERC TG1. The resulting limits for spurious emissions were directly transposed from SM.329 [32], including the Category B limits and were included in the 3GPP specifications until the 2006‑12 versions.

A modification of the limits were considered as a result of new frequency bands being added that gave different boundary conditions for the limits, plus the work on E-UTRA which also includes flexible RF bandwidths. This modification of the limits for UTRA is included in the specifications after 2006-12. After a liaison activity between 3GPP, ETSI and ECC, the following is concluded about the new limits as reported in [33]:

1) Compatibility between UTRA and adjacent band services has been addressed in the relevant CEPT studies, such as ERC Report 065 [35]. It is essential that the out-of-band and spurious emission limits used to demonstrate compatibility for UTRA in those studies are respected. The new limits do not change any such limits used to demonstrate adjacent band compatibility, and are thus consistent with ERC Report 065.

2) The potential impact on the in-band sharing was considered, and it was concluded that compatibility with existing technologies in the 3G bands will not be affected by the change. Compatibility for future similar technologies in the band will also not be affected, since the new spurious emission limits across the band is identical to the existing spurious emission limit for UTRA that applies for in-band compatibility analysis.

3) It is also noted that the new spurious emission limit can be applied not only to UTRA, but also to other similar technologies in the UTRA operating bands. This can give mutual advantages when multiple operators are deployed in the 3G operating bands. The new limits can from this aspect be technology neutral and fair between operators, since they do not depend on technology, carrier bandwidth, number of carriers or the position of the operator’s license block.

It was for these reasons agreed between 3GPP, ETSI and CETPT/ECC that the new limits can be included in the 3GPP and ETSI specifications.

1. 14.2.3.1
Old Category B spurious emission limits (until 2006-12)

The spurious emission requirements applicable for UTRA base stations (R99) include as one part the Category B requirements in ITU-R Rec. SM.329 [32]. These requirements as applied to UTRA are illustrated in Figure 14.4 for two example carrier positions in operating Band I, which has a downlink band of 2110-2170 MHz. Figure 14.5 shows examples with two 5 MHz carriers in the band.

NOTE:
There is an additional limit in 3GPP specs to protect the services in the bands adjacent to the BS transmit band as explained in 14.2.2.1, giving extra protection in the bands immediately adjacent to the operating band. This additional limit is stricter than the corresponding Category B limits and is visible as a “slope” outside the operating band edges in Figure 14.4.
The category B requirements allow for a reduced measurement bandwidth close to the carrier. This is described for land mobile services in Annex 7 of [32]. The reduced measurement bandwidth is in 3GPP interpreted as an increase of the spurious emission limit for the base station in TS 25.104 Category B requirements and applies up to+/- 60 MHz from the carrier center for UTRA (12 times the necessary bandwidth), with transition point at +/-50 MHz. 
The 3GPP interpretation has however been stricter than the ITU-R recommendations when applied to UTRA, since the increased spurious emission limit is only applied in the downlink part of the UMTS operating band plus an additional 10 MHz on each side of the band as shown in Figure 14.4 for two example carrier positions. In this band, the Category B requirements allow an increased limit up to +/ 60 MHz from the carrier. In 3GPP BS specifications however, the spurious emissions limit outside of 2100-2180 MHz is always set to the stricter level of -30 dBm, regardless of the position of the carrier in the band.
For the Band I example in Figure 14.4, where the operating band is 60 MHz wide, the 50 MHz transition point for the "reduced measurement bandwidth" falls inside the band at one operating band edge if the carrier is positioned at the other band edge. It gives a substantial 10dB tightening of the spurious emission requirement for a small part of the band in this specific case It is also shown in Figure 14.4 that the tightening does not apply if the carrier is in the middle of the band. For operating bands II and VII, which are 75 and 70 MHz wide respectively, the tightened requirement will apply for a larger part of the operating band. This additional requirement has a considerable implementation impact, but as shown in subclause 14.2.3.3, it gives no benefits in terms of improved co-existence with other services in the band or in adjacent bands.
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Figure 14.4 Old UTRA Category B spurious emission limits for a single 5 MHz carrier in two example carrier positions. The dotted red line shows the limits as in ITU-R SM.329 [32].
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Figure 14.5 Old UTRA Category B spurious emission limits for two 5 MHz carriers in two example carrier positions.  The dotted red line shows the limits as in ITU-R SM.329 [32].

2. 14.2.3.2
Implications for Evolved UTRA (Long Term Evolution in 3GPP)

For the evolution of UTRA to E-UTRA, the requirements in TR 25.913 [34] state that “E-UTRA shall operate in spectrum allocations of different sizes, including 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz in both the uplink and downlink.” Operation with bandwidths other than 5 MHz will have major implications for the category B limits.

The +/-50 MHz and +/-60 MHz transition points for the Category B limits are derived as 10 and 12 times the necessary bandwidth respectively for bands above 1 GHz [32]. With a necessary bandwidth varying from 1.25 to 20 MHz for E-UTRA, the transition points between limits will vary accordingly from 12.5 to 200 MHz and 15 to 240 MHz respectively. For the bandwidth options 10, 15 and 20 MHz, the transition points would now always fall outside the operating band as shown in Figure 14.6. It is not obvious how the widening of the OOB domain should affect the spurious emission limits immediately outside the band edge.
The limits for the 10 MHz carrier in Figure 14.6 should be compared with the limits for 2x5 MHz in Figure 14.5. The base station is in both cases transmitting a wideband 10 MHz signal, but the Category B limits turn out to be very different.
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Figure 14.6 The situation for one 10 MHz E-UTRA carrier in two example carrier positions. The dotted red line shows the limits as in ITU-R SM.329 [32] for a 10 MHz carrier.

A base station can also transmit a mix of different carrier bandwidths, e.g. 2x5 + 10 MHz or any other combination of the possible bandwidths. It then becomes more unclear what the transition points are for the limits and how the spurious emission limits should apply.

3. 14.2.3.3
New Category B spurious emission limits (after 2006-12)

Because of the implications in different operating bands and for a variable bandwidth system like E-UTRA, a modification is made to the spurious emission limits. The limits are based on Category B in ITU-R Rec. SM.329 [32] with the following difference compared to the present limits:

1)
The -15 dBm limit (corresponding to the reduced measurement BW of 30 kHz in [32]) is applied in the spurious domain over the whole operating band, plus in 10 MHz on each side.

2)
The spurious emission limit inside the operating band is independent of both the carrier bandwidth(s) and the number of carriers transmitted.

For the 5 MHz bandwidth in today’s UTRA specification, point 1) above will in most cases not make any difference for the limits, unless the base station transmits one or two isolated carriers at one of the band edges, as shown in Figure 14.7.
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Figure 14.7 New UTRA Category B spurious emission limits (thick line) for a single 5 MHz carrier in two example carrier positions. The dotted red line shows the limits as in ITU-R SM.329 [32].

With point 2) above, limits become homogenous over the operating band independent of carrier bandwidth, the width of the operating band and the number of carriers. This is shown in Figure 14.8 for a 10 MHz carrier example. Note that limits for a 2x5 MHz configuration will be the same as for the 10 MHz example and that the spurious domain limits in Figure 14.7 and Figure 14.8 are also the same.
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Figure 14.8 New E-UTRA Category B spurious emission limits (thick line) for 2x5 MHz carriers in two example carrier positions. The dotted red line shows the limits as in ITU-R SM.329 [32]. Note that the ne spurious emission limits would be identical for a 10 MHz carrier.
4. 14.2.3.4
Co-existence studies performed for UTRA

During the development of UTRA in 3GPP, the study of limits on unwanted emissions to facilitate in-band co-existence with other systems has been one of the major tasks in 3GPP TSG RAN WG4. The methodology used is well documented in the present document, aiming at repeatable results, full understanding of the process and mutual agreements between all parties on how to turn the analysis into useful requirements. 

The present document contains a collection of system scenarios, methodology, parameters, results and studies of UTRA co-existence, including assumptions and models of cell layout (macro, micro, pico, and Hierarchical cells), antennas, propagation, mobility, power control, handoff models and system loading. Co-existence scenarios between UTRA systems and with other technologies are described, including step-by-step simulation descriptions. Similar studies are documented in ECC Report 082 [36].

Important aspects of the methodology used in the RAN4 studies are

· Semi-static simulations of one victim and one aggressor network.

· Commonly agreed simulation assumptions, scenarios and parameters, including network layout, propagation models, services used, power control, radio resource management, interference models, performance targets, capacity assessment etc.

· A requirement that at least two (often 4-6) companies contribute to each simulations, in order to verify the validity of the results.

The co-existence studies in the present document and in [38] are used to tailor the unwanted emissions requirements for UTRA, using the parameter ACIR, which defines the Adjacent Channel Interference Ratio. UTRA-to-UTRA sharing on adjacent carriers is shown feasible down to ACIR values of 30 dB for the downlink (see clause 8 of this report). The corresponding ACLR (Adjacent Channel Leakage ratio) for the base station was set to 45 dB, i.e. with a 15 dB margin to this value, in order to not let the base station be the limiting link for co-existence. 
The implication is that for the unwanted emissions from a UTRA base station to have an adverse impact on sharing with another system, the ACLR would have to be close to 30 dB. This corresponds to an unwanted emission level of +7 dBm/MHz for a UTRA base station transmitting with 43 dBm output power, which is the level assumed in the studies. Note that this level is 22 dB above the -15 dBm/MHz spurious emission limit (Category B) for UTRA.
It should also be noted that the -15 dBm/MHz limit is today the existing limit across the band for almost all scenarios, and it is not to be changed. It is for the scenario with a carrier at one band edge, where the old limit today is -25 or -30 dBm/MHz, that the same -15 dBm/MHz limit will apply as in the rest of the operating band. From an in-band sharing point of view, this means that with today’s UTRA spurious emission limits, -15 dBm/MHz is already the level to apply for in-band sharing between systems and this will not be different with the new limit.
The studies performed in 3GPP cover sharing between UTRA and other UTRA systems, GSM and cdma2000. This includes systems with bandwidths ranging from 200 kHz to 5 MHz. Present sharing studies ongoing in 3GPP for the Evolution of UTRA include also 10 MHz systems (flexible bandwidth). 

It would be reasonable to assume that the results of the co-existence studies performed for UTRA could to a large extent be applied also for in-band sharing with systems of similar bandwidths and RF properties under similar scenarios. Considering the very large margin of more than 20 dB between the limit of ‑15 dBm/MHz and the level where studies show an adverse impact from BS emissions on a victim system in the band, an adverse effect on the in-band sharing between UTRA and future technologies in the UTRA bands is very unlikely.
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