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Background for the Category B requirements in BS specifications
The current WCDMA spurious emission requirements in TS 25.104 and TS 25.101 are based on the ITU recommendations in SM.329 [2]. The requirements consist of

· Category A (General spurious emission requirements)

· Category B (based on limits defined and adopted in Europe [3] and used by some other countries)

· Various requirements for co-existence with services in other bands.

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 ITU-R SM.329-10 [2] and in Annex 2 of CEPT/ERC/REC 74-01 [3]. 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. 

The interpretation has however been stricter than the ITU-R recommendations when applied in RAN4, 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. An example is shown in Annex A for operating Band I, which has a downlink band of 2110-2170 MHz. In this band the Category B requirements would 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.
Implication of the Category B limits for UTRA
The relaxation for a WCDMA base station is a good property of the European spurious emission limits. It is expressed as a fixed level per MHz and it is made clear in 3GPP that it is independent of BS power levels and configuration. 3GPP TS 25.104 states on spurious emissions that

“The requirements shall apply whatever the type of transmitter considered (single carrier or multiple-carrier). It applies for all transmission modes foreseen by the manufacturer's specification”’

The limit is also uniform out to 50 MHz from the carrier, and the general limit of -30 dBm/MHz does not apply until 60 MHz away from the carrier as shown in Annex A. The uniform level and independence of BS configuration gives a very predictable behaviour in terms of BS unwanted emissions. 

The spurious emission limits for operating Band I are also illustrated in Figures 1 and 2. Figure 1 shows how the limits apply for a BS with a carrier located in the middle of the band. For the first +/-12.5 MHz (250% of the necessary bandwidth), the out-of band limits apply (ACLR and spectrum mask). Those are not shown in the figure. For the rest of the band, the -15 dBm/MHz limit applies uniformly.

Figure 2 illustrates the case where a BS is transmitting one carrier at the far edge of the downlink operating band. In this case, the limit is uniform across most of the band, with a tightening to -25 dBm/MHz for the leftmost 7.5 MHz of the band and a further tightening to -30 dBm/MHz right outside the operating band. The requirement is thus not completely uniform across the band, which causes a slight disadvantage in the implementation of the BS. The problem is however quite limited in this case.

[image: image1.wmf] 

 

-

30

 

2170   2180 

 

Operating

Band

 

 

Limit

 

[

dBm

]

 

-

15

 

-

25

 

Frequency

 

[

MHz

]

 

C

arrier

 

2100  2110

 

 +12.5

 MHz

 

 

-

1

2.5

 MHz

 


Figure 1 Spurious emission limits example with a UTRA 5 MHz carrier in the middle of the band.
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Figure 2 Spurious emission limits example with a UTRA 5 MHz carrier at the edge of the band.
Implication of the Category B limits for E-UTRA

For the evolution of UTRA to E-UTRA, the requirements in TR 25.913 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.” It turns out that operation in bandwidths below 5 MHz has major implications for the category B limits.

The +/-50 MHz and +/-60 MHz limits are for Category B limits expressed as 10 and 12 times the necessary bandwidth respectively for bands above 1 GHz [2,3]. The transition points between limits would then change considerably as shown in Table 1. Note that these transition points only apply inside the operating band and for the 10 MHz immediately outside, since the strictest limit -30 dBm/MHz always is applied otherwise in 3GPP specifications.

The impact over the whole operating band is illustrated in Figure 3 for E-UTRA system with a 2.5 MHz carrier in the middle of the band. The limit drops sharply to -30 dBm/MHz at both edges of the band. For a 2.5 MHz E-UTRA carrier at the far edge of the operating band, the situation is much more non-uniform as shown in Figure 4. Now almost half of the band will have the strictest emission limit of -30 dBm/MHz. For a 1.25 MHz E-UTRA carrier, the limits would become even more non-uniform.
Table 1 Emission limit transition points.
	Carrier bandwidth

(= Necessary Bandwidth)
	Starting point for

-15 dBm/MHz limit

(250% of N.B.)
	Starting point for

-25 dBm/MHz limit

(10 times N.B.)
	Starting point for

-30 dBm/MHz limit

(12 times N.B.)

	5 MHz
	+/- 12.5 MHz
	+/- 50 MHz
	+/- 60 MHz

	2.5 MHz
	+/- 6.25 MHz
	+/- 25 MHz
	+/- 30 MHz

	1.25 MHz
	+/- 3.125 MHz
	+/- 12.5 MHz
	+/- 15 MHz
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Figure 3 Spurious emission limits example with a E-UTRA 2.5 MHz carrier in the middle of the band.
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Figure 4 Spurious emission limits example with a E-UTRA 2.5 MHz carrier at the edge of the band.
Having such non-uniform limits forces special solutions on the BS implementation, including sub-band filters that have to be custom-made for each operator’s assigned band. It is thus not a desirable effect in the specifications and is a considerable tightening of requirements compared to the situation for UTRA with no rationale from a co-existence point of view. Note that a base station may operate multiple carriers and the present Category B limits do not take into account the total transmitter bandwidth of the base station or the effect of flexible bandwidth systems.
Alternative solution for Category B limits

Considering that
1) The UTRA specifications meet the Category B requirements inside the operating band, including the reduced measurement bandwidths of CEPT/ERC7REC 74-01, Annex 2 [3].
2) The UTRA specifications apply the Category B limits without reduced measurement bandwidth outside the operating band, except for the 10 MHz closest to the band edges, giving the strictest possible limit for co-existence with services in other bands.
3) The Category B limits inside the operating band almost completely fall within the range where the minimum measurement bandwidth can be applied, giving the highest Category B emission limit.

It would be reasonable that that these three properties were kept for E-UTRA, regardless of the operating mode for the base station. That is, the limits should stay uniform inside the operating band and be strict outside the operating band for single- and multicarrier base stations and for all possible carrier bandwidths. This is made possible from an implementation point of view even for high power BS with the duplex filter and possible other filters covering the whole operating band.
This is however not possible for E-UTRA with the present Category B limits as was shown above. It is therefore proposed that a new option for Category B limits is investigated that maintains the flexibility of points 1 to 3 above for the present UTRA specifications also for operation a flexible bandwidth system such as E-UTRA. It should be possible to have “self contained” requirements for a system in its operating band if full protection of services outside the band is given, allowing for a uniform reduction of measurement bandwidth inside the operating band regardless of the BS operating mode.

Proposal

It is proposed that RAN4 initiates study of “self contained” requirements for E-UTRA Category B spurious emissions as outlined above. This activity should start with a liaison activity with CEPT/ECC. The ECC PT1 group (IMT-2000 and Systems Beyond) has it next meeting 10-12 April 2006, which is in advance of the next RAN4 meeting. To speed up the process, an LS should therefore be worked out over the e-mail reflector, based on the problem description put forward in this document. It is also possible to input additional information to ECC/PT1 as company contributions.
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Annex A. Present spurious emission limits (Category B) for operating Band I
The following limits are copied from TS 25.104 v7.2.0 [4].

6.6.3.1.2
Spurious emissions (Category B)

The following requirements shall be met in cases where Category B limits for spurious emissions, as defined in ITU-R Recommendation SM.329 [1], are applied.

6.6.3.1.2.1
Minimum Requirement

The power of any spurious emission shall not exceed:

Table 6.9: BS Mandatory spurious emissions limits, operating band I, Category B

	Band
	Maximum Level
	Measurement Bandwidth
	Note

	9kHz ( 150kHz
	-36 dBm
	1 kHz 
	Note 1 

	150kHz ( 30MHz
	- 36 dBm
	10 kHz 
	Note 1

	30MHz ( 1GHz
	-36 dBm
	100 kHz
	Note 1

	1GHz 

(
Fc1 - 60 MHz or 2100 MHz
whichever is the higher
	-30 dBm
	1 MHz
	Note 1

	Fc1 ‑ 60 MHz or 2100 MHz
whichever is the higher

(
Fc1 ‑ 50 MHz or 2100 MHz
whichever is the higher
	-25 dBm
	1 MHz
	Note 2

	Fc1 ‑ 50 MHz or 2100 MHz
whichever is the higher

(
Fc2 + 50 MHz or 2180 MHz
whichever is the lower
	-15 dBm
	1 MHz
	Note 2

	Fc2 + 50 MHz or 2180 MHz
whichever is the lower

(
Fc2 + 60 MHz or 2180 MHz
whichever is the lower
	-25 dBm
	1 MHz
	Note 2

	Fc2 + 60 MHz or 2180 MHz
whichever is the lower

( 

12.75 GHz
	-30 dBm
	1 MHz
	Note 3

	NOTE 1:
Bandwidth as in ITU-R SM.329[1], s4.1

NOTE 2:
Specification in accordance with ITU-R SM.329[1], s4.3 and Annex 7

NOTE 3:
Bandwidth as in ITU-R SM.329[1], s4.1. Upper frequency as in ITU-R SM.329[1], s2.5 table 1
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