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Annex ZB: Introduction of multicarrier BTS class
ZB.1
Introduction

Multicarrier transceiver architectures applied to GSM BTSs would allow several GSM carriers to be processed by a single transmitter and power amplifier in the downlink and by a single wideband receiver in the uplink. 

Given the recent advances in components technology, these architectures seem more and more feasible, however feasibility is still conditioned by the relaxation of some of the most severe requirements in 3GPP TS 45.005. Those requirements are the ones related to intermodulation (clause 4.7) and spurious emission (clause 4.3) for the transmitter part and to blocking characteristics (clause 5.1) for the receiver part.

During the discussions in 3GPP TSG GERAN, for each of these three specifications, a way to relax the standard was proposed and evidence was given why such a relaxation has negligible impact on existing GSM systems. This is due to the fact that in every case, there exists an inconsistency to another GSM specification. Furthermore, scenarios were presented and investigated in which the equipment features better performance than according to the specifications. It was shown by means of calculations and simulations that even then, the proposed relaxations have negligible system impact. It was then agreed that the best way to apply the relaxations is to introduce a new multicarrier BTS class. This allows to approve the principle of the relaxation while being able to address special regulatory issues in different geographical areas separately.

In this chapter, the investigations done for the introduction of a new multicarrier BTS class are summarized.
ZB.2
Transmitter 

ZB.2.1 Introduction
According to recent advances in components technology, implementation of multicarrier transmitter architectures seems more and more feasible. However, feasibility and power-efficient usage of hard-ware are still conditioned by the relaxation of some requirements in 3GPP TS 45.005. The requirements that need considerations are: Spectrum due to modulation and wideband noise (clause 4.2.1), spurious emission (clause 4.3) and intermodulation (clause 4.7). In present specification these requirements are specified in different ways, i.e. spurious emissions and Intermodulation are defined as peak-hold measurements while Spectrum due to modulation and wideband noise is an average measurement. This difference, which has been known since GSM phase 1, imply an inconsistency between wideband noise measurement and IM/spurious emission requirements. In the IM and spurious measurements, wideband noise peaks may exceed IM and spurious emission although the equipment fulfils the requirements for Spectrum due to modulation and wideband noise. This difficulty is removed if average measurements are introduced for all these parameters. In addition this is also in line with the specifications for other 3GPP access technologies. Another reason why a relaxation of the Intermodulation Attenuation was seen as reasonable is the fact that not only the BTS transmitter generates intermodulation products but also the MS receiver: in an uncoordinated scenario, if an MS served by one operator is very close to a BTS of another operator, the intermodulation products in the MS receiver might exceed by far the intermodulation products received from the BTS. But even with equipment over-performing the specifications and in case of higher distances between the BTS and the MS, it was shown that the proposed relaxation has negligible system impact. This can be seen in ZB.2.3.

ZB 2.2 Proposal for relaxation and change

ZB 2.2.1 Introduction of MCBTS class 1 and class 2

Initially, for each of the targeted specifications, one way of relaxation was proposed. However, during the discussions within GERAN, it was found reasonable to introduce not only one Multicarrier BTS class but two. The two classes differ in the following way:

To make multicarrier transmitter feasible at all and still get reasonable consistency between the intermodulation requirements for the mobile station and the BTS requirements for intermodulation and spurious emission, the values are proposed to be kept as today but measured in average mode. These relaxations are defining multicarrier BTS class 1 requirements.

However, the relaxations for multicarrier BTS class 1 do not allow taking best advantage of the power amplifier technology as power efficiency will suffer from stringent Intermodulation requirements.  To achieve improved efficiency of the equipment, further relaxation of intermodulation attenuation requirements is needed. The proposed level of relaxation is to allow closer alignment with the corresponding requirements for other 3GPP access technologies. The proposal is to, in addition to the relaxation for class 1, allow less stringent requirements for third order intermodulation products, which are the most crucial parameter to consider, and related out-of-band spurious emissions. These relaxations are defining multicarrier BTS class 2 requirements.

ZB 2.2.2 Spectrum due to modulation and wideband noise

Present requirement is a single-carrier measurement. To assure same performance in multicarrier operation using multicarrier BTS as when using single-carrier amplifiers combined in a combiner, additional requirements are needed, when more than one carrier is active. The proposal is to, for frequency offsets between 1.8 MHz and transmit band edge, reuse the requirements for single-carrier amplifiers but allow for an increase of wideband noise level of 10*LOG(N) dB, where N is the number of active carriers. At appropriate intermodulation frequency offsets, the least stringent requirement of this multicarrier wideband noise requirement and intermodulation requirement, according to applicable multicarrier class, apply. 

To take the relaxed spurious emission requirements into account, the number of exceptions is proposed to increase linearly from the single-carrier requirements of 15 bands up to a maximum of 30 bands of 200 kHz.

To minimize the impact on other services at out-of-band frequencies closest to the relevant transmit band, where the filtering possibilities are limited, the requirements are extended to 10 MHz outside the transmit band.

ZB 2.2.3 Spurious emission

The proposal is to introduce average measurements for spurious emission while keeping the requirement value. As this corresponds to a relaxation of the maximum level by approximately 9 dB and, in some scenarios, in the same order of magnitude as the intermodulation, the number of allowable occurrences inband and close proximity of transmit band is limited as described in section ZB 2.2.2. 

The out-of-band requirements for class 1 are proposed to be relaxed by changing the measurement method only, i.e. -36 dBm in average detector mode, reusing the same measurement bandwidths as before. 

For class 2 additional relaxations are proposed to align with the intermodulation requirements at frequencies where filtering is not feasible. The proposal is to align with the requirements for UTRA and E-UTRA BS, where appropriate. The proposed requirements for class 2 are shown in the table below, while reusing the same measurement bandwidths as for class 1:

	Band
	Frequency offset outside relevant transmit band
	Multicarrier BTS Maximum power limit class 2 
	Comment

	9 kHz to 1 GHz
	( 2 MHz
	-25 dBm
	Aligning with intermodulation requirements

	
	( 5 MHz
	-20-3,2*(Δf - 5) dBm (Note)
	Gradually changing to more stringent requirements up to 10 MHz offset, where class 1 requirements apply

	
	( 10 MHz
	-36 dBm
	Aligning with multicarrier BTS class 1

	1 GHz to 12.75 GHz
	( 2 MHz
	-25 dBm
	Aligning with intermodulation requirements

	
	( 5 MHz
	-20-2,0*(Δf - 5) dBm (Note)
	Gradually changing to more stringent requirements up to 10 MHz offset, where class 1 requirements apply

	
	( 10 MHz
	-30 dBm
	Aligning with multicarrier BTS class 1

	Note: Δf is the frequency offset outside relevant transmit band in MHz


ZB 2.2.4 BSS Intermodulation attenuation

The proposed requirements are as follows:

For multicarrier BTS class 1, the average value of intermodulation components over a timeslot shall not exceed -70 dBc or the requirements specified in subclause 4.2.1, whichever is less stringent, for frequency offsets between 1.8 MHz and the edge of the relevant Tx band. For offsets between 600 kHz to 1.8 MHz the requirements and the measurement technique is that specified in subclause 4.2.1 or -70 dBc whichever is the higher. The measurement bandwidth for both the carrier and the intermodulation products is 300 kHz for offsets larger than 6 MHz, 100 kHz for offsets between 1.8 and 6 MHz and 30 kHz for offsets between 1.2 and 1.8 MHz. 

For multicarrier BTS class 2, the average value of intermodulation components over a timeslot shall not exceed the values required for multicarrier BTS class 1 except that at third order intermodulation frequencies and their  adjacent channels (±200 kHz) the total power of the intermodulation components may increase up to -60 dBc . The measurement conditions regarding frequency offsets and measurement bandwidths are the same as defined for multicarrier BTS class 1.

In addition the intermodulation products, for any output power of the BTS, shall never exceed -16 dBm. This is aligned with requirements in UTRA and E-UTRA.

ZB.2.3 Simulation Results
This clause provides the simulation results of impact due to relaxation of RF requirements for MCBTS. 
In the simulation two uncoordinated systems using GSM 900 were assumed to be operating in the same location. The interfering system was using MCBTS(s) with relaxed or un-relaxed requirement while the victim was using traditional BTS(s). It was assumed that their operating frequency bands were next to each other with one guard band so that all the relaxed IM and SE products fall into the victim system band and, the BTSs of the interfering system were assumed to be placed at the edge of the victim cells so that the impact would be the worst. These settings correspond to very severe scenario and, it is relevant for comparing the impact due to the relaxation.

The simulations were carried out separately by Alcatel-Lucent (scenario 1), ZTE (scenario 2-3) and Ericsson (scenario 4-6).
Table 1 Simulation assumptions

	
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4
	Scenario 5
	Scenario 6[1]

	
	victim
	aggressor
	victim
	aggressor
	victim
	aggressor
	victim
	aggressor
	victim
	aggressor
	victim
	aggressor

	Cell radius [m]
	4000
	4000
	600
	600
	200
	600
	120
	600
	120
	150
	120
	600

	Sector/cell
	3
	3
	3
	3
	3
	3
	1
	3
	1
	3
	1
	3

	Freq. reuse
	4/12
	4/12
	3/9
	4/12
	3/9
	4/12
	4/12
	1/3
	3/9
	3/9
	3/9
	3/9

	FH
	Off
	Off
	On
	Off
	On
	Off
	On
	Off
	On
	Off
	On
	Off

	Pmax 

[dBm]
	40
	40
	40
	40
	30
	40
	24
	39
	24
	31
	24
	39

	Carrier no.
	1
	2
	4
	6
	4
	6
	3
	9
	3
	9
	3
	6

	Min MS-BTS dist. [m]
	30
	30
	30
	30
	30
	30
	12
	30
	5
	10
	12
	30

	IP3 of MS
	10 dB better than spec. in victim system
	-5 dBm in victim system

	Pass loss model
	HATA
	HATA
	COST231 -WI
	COST231 -WI
	COST231 -WI
	COST231 -WI
	[2]
	[3]
	[2]
	[4]
	[2]
	[3]

	Probability for SE
	-
	-
	-
	20%
	-
	20%
	-
	30%
	-
	30%
	-
	25%

	Wideband noise
	Off
	Off
	Off
	On
	Off
	On
	Off
	On
	Off
	On
	Off
	On

	Relaxation mode 
	-
	MCBTS class 1
	-
	MCBTS class 1& 2
	-
	MCBTS class 1& 2
	-
	MCBTS class 1& 2
	-
	MCBTS class 1& 2
	-
	MCBTS class 1& 2


[1] In scenario 6, only one cell in either victim or aggressor system was studied.
[2] ITU-R P.1411-4 chapter 4.3
[3] Okumura-Hata with LOS-model from COST 259
[4] COST 231 Walfish-Ikegami incl. LOS-model, described in TS 25.996
Scenario 1: Sparse Macro interfered by Sparse Macro 
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	Figure 1: CDF vs. SNIR calculated in the macro cell scenario.
	Figure 2: CDF vs. maximum EGPRS throughput calculated in the macro cell scenario.
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	Figure 3: SNIR difference between the case without IM and the case with IM according to the current specification, calculated in the large cell scenario.
	Figure 4: SNIR difference between the case without IM and the case with IMs relaxed by 10 dB, calculated in the macro cell scenario.


Scenario 2: Macro interfered by Macro 
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	Figure 5 Victim system SIR CDF 
	Figure 6 Throughput Degradation of EGPRS 
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	Figure 7 Throughput degradation of EGPRS2-A 
	


Scenario 3: Small cells interfered by Macro
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	Figure 8 Victim system SIR CDF
	Figure 9 Throughput Degradation of EGPRS 
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	Figure 10 Throughput degradation of EGPRS2-A 
	


Scenario 4: Street level Micro interfered by Urban Macro 
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	Figure 11. C/I CDF comparing MCPA IM requirements -60, -70 and ‑80 dBc.
	Figure 12. C/I degradation CDF comparing relaxed IM requirement to -60 and -70 dBc.
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	Figure 13. EGRPS bitrate degradation CDF comparing relaxed IM requirement to -60 and -70 dBc.
	Figure 14. EGRPS2-A bitrate degradation CDF comparing relaxed IM requirement to -60 and -70 dBc.


Scenario 5: Street level Micro interfered by urban small Macro 
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	Figure 15. C/I CDF comparing MCPA IM requirements -60, -70 and ‑80 dBc.
	Figure 16. C/I degradation CDF comparing relaxed IM requirement to -60 and -70 dBc.

	[image: image17.emf]0 5 10 15

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

Degradation in bitrate EGPRS [kbit/s]

CDF

 

 

-80 -> -60 dBc

-80 -> -70 dBc


	[image: image18.emf]0 5 10 15

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

Degradation in bitrate EGPRS2-A [kbit/s]

CDF

 

 

-80 -> -60 dBc

-80 -> -70 dBc



	Figure 17. EGRPS bitrate degradation CDF comparing relaxed IM requirement to -60 and -70 dBc.
	Figure 18. EGRPS2-A bitrate degradation CDF comparing relaxed IM requirement to -60 and -70 dBc.


Scenario 6: Single street level micro cell interfered by single roof-top macro cell 
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	Figure 19. C/I distribution CDF with different BTS IM3 requirements. The sum of all BTS IM3 products is limited. 25% probability of spurious emission on victim frequencies.
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	Figure 20 EGRPS2-A bitrate distribution CDF with different BTS IM3 requirements. The sum of all BTS IM3 products is limited. 25% probability of spurious emission on victim frequencies.


ZB.2.4 Impact to GSM-R due to relaxation
During the discussions within GERAN, great care was taken to consider possible system impacts of the relaxations on GSM-R applications in railway networks. Concerning the receiver blocking, a compromise could be found very easily by not allowing the according relaxation for GSM-R receiver equipment. Concerning the relaxations on the transmitter side, more investigations had to be done in order to assess the impact of increased interference levels close to railway lines. Since railway operators were not directly present at the GERAN meetings, discussions were established with “Deutsche Bahn”, the railway operator in Germany, in order to clarify the worst case scenario from the railway perspective. This scenario is given if a BTS of a “public” GSM network transmits close to the handover zone between two GSM-R BTSs along a railway line. If the interferences caused by the transmitter of the “public” GSM BTS are exceeding the minimum receive level defined for GSM-R receivers in trains (between –92 and –98 dBm depending on the type of train), the link between the train and the GSM-R network might be lost. For security reasons, the train then has to be braked thus leading to unacceptable delays in the railway operation. During the discussions with “Deutsche Bahn”, it was recognized that such situations could occur in principle in uncoordinated scenarios. It was also recognized that a whole number of counter measures can be applied to protect the GSM-R system from such impacts. Such measures could be e.g.

· Frequency coordination between the “public” GSM and the GSM-R network.

· Minimum distance between the “public” BTS and the closest railway line.

· Usage of duplex filters within the “public” BTS with sufficient attenuation in the GSM-R frequency band.

· Suited setting of output power and antenna directivity in the “public” BTS.

It was agreed that the according measures have to be specified in detail as “regulatory restrictions” for the usage of MCBTS during the regulatory process after the GERAN approval of the relaxations.
ZB.3
Receiver 
ZB.3.1 Proposal for the relaxation

Initially, it was proposed to relax the blocking requirements of the BTS receiver by aligning them to those of DCS 1800. During the discussions, it was found that on the GSM-R field, there are some differences to GSM networks used for public communication: there are still high power MSs in use and the antenna patterns differ concerning the directivity and the location. As a consequence, it was agreed to split the blocking requirements in the way that those of GSM-R application are unchanged and only those of “public” GSM networks are relaxed by aligning to the values defined for DCS 1800. Later on it was discussed how to deal with receive levels exceeding the relaxed blocking values. Such high levels occur with a rather small probability but due to complete blocking of the BTS receiver, they can lead to an amount of drop calls that is not acceptable within GSM networks. Several possibilities cover such rare cases were discussed. Finally, it was agreed that the best way to solve this problem is to introduce a second higher blocking level at which the sensitivity may degrade compared to the sensitivity that must be ensured in the “normal” blocking case.
ZB.3.2 Treatment of receive levels exceeding the new blocking limit

Collected path loss data from live networks shows that in dense city areas input signal level will occur above the proposed blocking requirement. However, the probability is low in most cells but there exist cells with significant probability of higher input signal. This is probably due to difficulties to locate base station in other location.

If the receiver was designed to process signals just up to this level, it could be completely blocked by higher signal levels. This is due to the fact that the AD converters have a fixed limit of their dynamic range.

Several possibilities were considered to deal with or avoid such situations:
· Define a second higher blocking level (e.g. 3 dB higher) where larger desensitization could be allowed.

· Define a requirement on duration and levels of “blind” periods.

· Increase the proposed blocking level to be 2-3 dB higher.

It was found that the first proposal delivers the most suitable solution which fits best to the situation in the field: It leaves the value of –25 dBm as target value for the relaxation at which the full “blocking sensitivity” of –101 dBm (original sensitivity of –104 dBm, desensitized in the blocking case by 3 dB) has to be achieved. On the other side, it covers the rare cases where very high blocking signals occur at the receiver. As it was shown above, in such cases the receiver suffers also from a very high wideband noise level caused by the transmitters of mobiles located close to the BTS in the uncoordinated scenario. This noise level anyway leads to a significant desensitization of the BTS receiver. That means that a certain desensitization defined in the standard could not be “seen” by the GSM system. It was then proposed to introduce a second higher blocking level with degraded sensitivity. 

ZB.3.2.1 Simulation results
Both interfering system and victim system are modeled to investigate the impact due to blocking requirement relaxation in near-far problem scenario. Four different cases were simulated in the victim network:

· M0: The current requirement where receiver is blocked for Blocking Signal Strength (BSS) > -13 dBm.

· M1: Receiver blocked at BSS > -25 dBm.

· M2: Receiver blocked at BSS > -20 dBm.


-25 < BSS <= -20 dBm: sensitivity additionally reduced by 5 dB

· M3: Receiver blocked at signals > -15 dBm.


-25 < BSS <= -20 dBm: sensitivity additionally reduced by 5 dB


-20 < BSS <= -15 dBm: sensitivity additionally reduced by 10 dB

In all cases the receiver is blocked for all frequencies when the disturbing signal strength exceeds the highest blocking level limit.

BTS blocking impact on dropped calls

In these simulations the stored disturbance matrixs were applied to all received bursts in the victim network. The drop call evaluation was implemented by adding the disturbance to the SACCH signalling. The following network parameters were used in the simulation of the victim network:

	
	Ericsson 
	ZTE 

	
	Victim

System
	Interfering

System
	Victim

System
	Interfering

System

	Cell radius
	1400 m
	600 m
	600 m
	600 m

	Sector per cell:
	3
	3
	3
	3

	No cells
	48
	48
	27
	27

	No frequency
	27
	27
	48
	48, 72

	Freq reuse
	3/9
	3/9
	4/12
	4/12

	DTX
	off
	off
	Off
	Off

	Max MS power
	33 dBm
	33 dBm
	33 dBm
	33 dBm

	Number of mobiles per cell
	20
	5, 10, 20
	20
	20, 40

	Pass loss model
	HATA
	Cost231‑

Walfish‑Ikegami
	Cost231‑

Walfish‑Ikegami
	Cost231‑

Walfish‑Ikegami

	Average call length
	40 s
	no limit
	no limit
	no limit

	Minimum MS-BTS distance
	20 m
	20 m
	20 m
	20 m

	MCL
	52dB
	52 dB
	59dB
	59dB


Disturbing bursts with signal strength higher than 1 dB above the highest blocking level limit are assumed to result in high BER. First a reference simulation with the existing blocking requirement (M0) was performed. The increased dropped call rates with different number of interfering system MS for the new blocking requirement alternatives (M1-M3) are compared to the reference simulation and shown in the figure below: 
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Figure ZB.1. - Increased dropped call rates under different Blocking requirement modes
EGPRS performance with IR from Ericsson 
The performance impact on EGPRS was simulated using a link simulator with the disturbance matrix applied from simulation of received levels. The simulation assumptions used:
Frequency band: 900 MHz

TU3iFH propagation condition

MRC-receiver with typical impairments

20000 radio blocks per simulated point in the graphs

No correlation between retransmissions during the Incremental Redundancy process was assumed. The achieved link results for MCS-9 and the different specification alternatives, M1 to M3, are shown below.
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	MCS-9 throughput with incremental redundancy, alternative M1
	MCS-9 throughput with incremental redundancy, alternative M2.
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	MCS-9 throughput with incremental redundancy, alternative M3.
	


ZB.3.2.2 Conclusion

Simulations show that if the performance or behaviour is not defined for levels above -25 dBm, the impact may be significant due to the character of wideband receivers to block all frequencies for each blocked burst.

By adding slightly relaxed requirements at higher disturbing signal strength, the impact from the limitation of receiver dynamic range can be significantly reduced.
ZB.3.2.3 Discussion

It is shown that RX blocking levels of up to -15 dBm can still occur in live networks taking into account macro and micro cell deployment in urban areas and that higher call drop rates and losses of data throughput can be observed if the receiver is blind for levels above -22 dBm. Also comparing the current requirements in 45.005 on RX blocking level between DCS 1800 and GSM 900, we observe a system gain difference of 9 dB, which is composed of a 3 dB higher maximum transmit power (33 dBm for GSM900, 30 dBm for DCS 1800) and a 6 dB better propagation in case of free space propagation. Taking the current RX blocking level requirement of -25 dBm for DCS 1800 as a reference, the BTS receiver for GSM 900 should be designed to cope with blocking levels of up to -16 dBm, 9dB above -25 dBm. Thus it is proposed to add a second blocking level requirement at -16 dBm and to accept a degradation of the sensitivity performance of 9 dB, leading to a sensitivity performance of -92 dBm in case of a severe blocker.
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