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1. Introduction

This document comments various aspects discussed at the MCBTS telco#1 [1] and reflects the view of Nokia Siemens Networks on the impacts due to the introduction of Multicarrier BTS in GERAN. 

Section 2 lists comments and some concerns on the currently discussed aspects. Section 3 provides text proposals for changes to 45.005 and 51.021. Finally section 4 provides a summary. 

2. IMPACTS DUE TO THE introduction of MultiCarrier BTS
Related to aspects which have been discussed at the MCBTS telco#1 and various contributions to GERAN#37 [2],[3],[6],[7],[8],[9] this section lists our comments.

2.1 Relaxation of intra BTS TX intermodulation performance
The relaxation of the intermodulation attenuation performance of -70 dBc is included in the CR to 45.005 [2] and was earlier proposed in various contributions. At the MCBTS telco #1 the measurement method has been agreed to be changed, in that the measurement bandwidth has been defined to be adapted from 300 kHz (for offsets above 6 MHz) to 100 kHz (for offsets between 1.8 MHz and 6 MHz), and further to 30 kHz (for offsets between 1.2 MHz and 1.8 MHz), to avoid measurement of the carrier power close to the carrier. The measurement bandwidth shall be the same for the carrier and for the IM product and IM attenuation requirement of -70 dBc is kept for each measurement bandwidth. This method is supported by us. 

In [3] a discussion is started to allow for lower intermodulation attenuations down to -60 dBc or even -56 dBc, the latter one being compliant with 3G requirements. Although the call drop rate seems not to be influenced in this model, both EGPRS and EGPRS2-A throughput performance is shown to be remarkably impacted. Hence a further relaxation below -70 dBc will obviously impact system performance and hence is not supported by us.

With regard to the introduction of the relaxation of the intra BTS TX intermodulations into 45.005 specification, section 4.7.2.1 in [2] does not contain the exact configuration set up of the MCBTS, in that the number of carriers operated  during the measurement of BTS TX intermodulations is left unclear. It is proposed to specify the requirement explicitly for the case of the declared maximum number of carriers of the MCBTS activated with equal and maximum power. Hence the connected antenna is operated with all possible carriers. This is equivalent to the current specified requirement in section 4.7.2 of 45.005 [4]: “The BTS shall be configured with each transmitter operating at the maximum allowed power, with a full compliment of transceivers and with modulation applied.” 

In addition we believe it needs to be discussed whether for measurements outside the transmit band (section 6.6.2 of 51.021 [5]) the MCBTS needs also to be configured with less than the maximum number of carriers, but still with maximum composite power of the MCBTS TX. In principle independent of the number of active carriers the TX intermodulation attenuation performance shall be met outside the BTS transmit band as well as inband. 
2.2 Relaxation of RX blocking performance
At the MCBTS telco#1 [1] the proposal was discussed to introduce a second requirement for the RX blocking level, 3dB above the main requirement of the RX blocking level of -25 dBm including a loss of 3 dB in sensitivity performance, which at the same time allows a relaxed sensitivity performance of 3 dB. Hence instead of -101 dBm, -98 dBm need to be fulfilled for sensitivity performance in case of a blocking level of up to -22 dBm. Ericsson have shown in [6] 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. In real network conditions this sensitivity performance will not be reached as wideband noise from several mobiles including the blocker is likely to generate a total level well above –90 dBm. This is reasoned in the following. 
We assume that the wideband noise of a MS is up to -36 dBm, measured in a bandwidth of B = 30 kHz for frequency offsets Δf > 1.8 MHz from the carrier (measured as spurious emissions), and is up to -36 dBm in  a bandwidth of B = 100 kHz for frequency offsets Δf > 6 MHz. 

This maps to an equivalent transmitted interferer power ETIP of either -28 dBm or -31 dBm measured in a 300 kHz bandwidth which corresponds to the receiver bandwidth, using the conversion factors in 45.050 of 8 dB and 5dB, respectively. 

Hence merely the wideband noise of the blocker is received at an interference level of 

ETIP + MCL = (-28 dBm) + (-59 dB) = -87 dBm
for 6 MHz > Δf > 1.8 MHz
 and 
ETIP + MCL = (-31 dBm) + (-59 dB) = -90 dBm
for Δf > 6 MHz       
Hence it can be assumed that in the case of a strong blocker the wideband noise of the MS’s close to the BTS will cover the wanted signal, in that the degraded sensitivity performance will not be noticed by the BTS receiver.

Another argument to take into account higher blocking levels than -22 dBm is that the MCBTS is usually connected to one antenna. Whilst in the conventional single carrier approach a reduced number of transceivers are connected to one antenna, say 4 TRX’s, and hence in this case two antennas are required to operate an equal number of carriers per sector both for the MCBTS and the conventional single carrier BTS approach. In the blocking case, all receivers assigned to a cell/sector are confronted with the blocker for both BTS types, however the impact on the blocking performance for both BTS types is different in both cases:
· In case of the MCBTS: 

The MCBTS may be designed to support a higher number of carriers such as 8. The MCBTS has got one common analogue RX frontend without selectivity for all carriers of the sector; the whole UL band is passed through to the AD conversion and only thereafter, each carrier is processed in a separate digital receiver with single channel selectivity. Hence, the AD converter is confronted with the whole signal spectrum of the UL band, i.e. blocker(s) and wanted carriers. The frequency offset between blocker and wanted carrier frequency does not matter anymore, all carriers suffer the same noise increase (= sensitivity decrease) as result of the blocker.  As an example an asynchronous blocker will impact on two adjacent timeslots of the victim system and will deteriorate all carriers, that is a number of 8 * 2 = 16 channels will be impacted, hence 25 % of the overall channel capacity.
· In case of the single carrier BTS:

The conventional BTS with single carrier RX has single channel selectivity through an analogue IF filter before AD conversion, which rejects blocker the more aggressive the greater the frequency offset from the wanted carrier is. Only those single carrier RX tuned to a carrier frequency close to the blocker will be impaired (remember: the blocker is an MS of another operator far from its serving BTS, and operates in a different frequency allocation). Assuming a carrier separation of at least 600 kHz between carriers in the same sector, and that the blocking performance according 45.005 is most critical for frequency offsets up to 800 kHz from the blocker, only 1 or 2 carriers are likely to be affected by the blocker, which in case of the asynchronous blocker leads to a number of 2 * 2 = 4 channels that will be impacted. Hence this equals only 1/16 or 6.25 % of the overall channel capacity being affected.
In summary the impact of a blocker on the MCBTS is much more severe in that the number of impacted channels is remarkably increased. Thus the specification of the BTS receiver performance for higher blocking levels than -22 dBm, with the above mentioned corresponding degraded performance in sensitivity is justified.
2.3 Relaxation of spurious emissions performance 
The application of an average measurement method instead of the peak hold measurement method is proposed in [2]. This identifies a relaxation of about 10 dB. The extent of such relaxation was shown in [7] to have a similar negligible impact than that for intra BTS TX intermodulations.  In the MCBTS telco#1 and in [8] Alcatel-Lucent therefore propose to change the measurement method for spurious emissions from peak-hold to average detector. With the citation of a former paper from Nortel Matra an application of the peak hold measurement to frequency offsets > 1.8 MHz for switching transients measurements is argued to be due to historic reasons and hence not necessary. With this argument it is proposed to change the specification for testing spurious emissions in frequency bands adjacent to the transmit band in that slow frequency hopping is disabled to disallow “smoothing of intermodulation products”, measured with average detector. While this is true, we believe that an additional test of the spurious emissions out of the transmit band is required for the MCBTS. This is due to the following facts:

· The switching transient test in 51.021, section 6.5.2, defines power measurements only up to 1.8 MHz from the carrier. No further frequency offsets, no frequencies outside the BTS transmit band are measured in case of MCBTS. 

· The current section 6.6.2.1.2 in 51.021 specifies the test of the spurious emissions and provides also a measurement setup for testing spurious emissions outside the BTS transmit band when slow frequency hopping is in use (test specified under 6.6.2.1.2 e). With the configuration of alternating active and idle time slots, the BTS has to ramp up and down the bursts and hence this test inherently specifies a measurement requirement for switching transients outside the BTS transmit band. 
· Changing the configuration for MCBTS to that of 6.6.2.1.2 a), as proposed by Alcatel-Lucent removes the test of switching transients outside the TX band and identifies a further relaxation in addition to the change from peak-hold to average measurement type.

Hence the test prescribing burst on/off keying currently specified in section 6.6.2.1.2 e) of 51.021 should be changed in case of MCBTS in that it should firstly be based on the average measurement method and secondly be performed with disabled frequency hopping to allow stable measurements outside the BTS transmit band. This change should be applied to [9] as proposed in section 3.3.

Also a clarification of the multicarrier BTS configuration for performing the 
spurious emission test inside the BTS TX band is required. Currently spurious 
emissions inside the TX band are defined in 45.005 and 51.021 for the case of 
single carrier activity. In case of MCBTS there is a potential risk that higher levels 
of spurious emissions are generated when a number of carriers are in operation. 
This could yield to increased interference levels in neighbouring frequency 
allocations belonging to other operators in the same TX band. Consequently the 
test of spurious emissions should also be defined for the case of maximum 
supported carriers per antenna port using declared maximum output power, equal 
for all carriers.
2.4 Definition of the MCBTS power class


While we agree to the principle of defining the power class according to the 
maximum output power in single carrier operation for each supported modulation, 
we prefer to clarify in the specification that a manufacturer has to declare the 
maximum output power per carrier in dependence of the number of carriers per 
antenna port and the modulation type with the prerequisite that the maximum 
output power is equal for all carriers of a MCBTS. 
Indeed it is important to relate the specification of the MCBTS to the number of TX carriers per antenna port. Two different MCBTS models may support e.g. maximum 6 carriers. But one may have 1 TX/RX antenna port (+ 1 RX Diversity port), while the other model may have 2 TX/RX antenna ports. In this example, the 1st MCBTS has to be specified and tested with up to 6 active TX carriers, while the 2nd MCBTS model has to be specified and tested with up to 3 active TX carriers.
2.5 Impact on spectrum due to modulation and wideband noise 
While the current CR to 45.005 is not dealing at all with spectrum due to modulation and wideband noise, it is proposed to add a clarification what will be the MCBTS configuration for the measurement setup. It is proposed that in case of a MCBTS the measurement shall be performed firstly with the single carrier set to maximum declared output power level for each modulation and secondly for each supported number of carriers per antenna port, with maximum declared output power level per carrier, and for each modulation. Then the measurement shall be repeated for all static power levels below the declared maximum power levels. For instance a MCBTS with composite max power 40 W could be declared to support 1 carrier at max. 40 W, or 2 carriers at max. 20 W, or 3 carriers at max. 13 W, or 4 carriers at max. 10 W and should be tested in all these configurations.
2.6 Impact on GSM-R and adjacent frequency bands

The impact on neighboured GSM frequency bands such as GSM-R and on adjacent frequency bands was discussed at the MCBTS telco#1. It is our view that both aspects should be investigated during this work item, as already foreseen in the work item description [10], however on a different 
level, as the technology of systems in adjacent bands is generally not known, and hence impact on emitted power levels outside the GSM band needs to be studied.

For GSM-R, the impact is due to higher emissions consisting of both the relaxation 
related to spurious emissions and that one related to intra-BTS intermodulation 
products. Indeed the total increased power level must be considered in the 
simulations, not a separate consideration of both effects as provided in [7]. 

For both GSM-R and systems operating in adjacent frequency band the increase 
of emitted average power per MHz is estimated to be 12 dB, which is the total of 
the increased power levels due to relaxations of TX intermodulation 
products and of spurious emissions, assuming per each a relaxation of 9 dB. 
Hence this impact should be stated in the Annex ZB in TR 45.050 on the 
introduction of a multicarrier BTS class.

3. PrOPOSED MoDIFICATIONS TO The SPECIFICATIONS
This section lists the text proposals for modifying the 45.005 and 51.021 specifications according to the analysis in section 2. 

3.1 Intra-BTS TX intermodulations 
It is proposed to append to section 4.7.2.1 of TS 45.005 the phrase: 

“The above requirement specified for the multicarrier BTS shall apply for all supported configurations of the multicarrier BTS independent of the number of active carriers, assuming equal power distribution between all carriers, and independent of the modulation type.”

Also it is proposed to add in section 6.8.2 of TS 51.021 for the multicarrier BTS the phrase:


“The intra-BTS intermodulation attenuation shall be measured with all carriers 
activated at the same maximum output power.” 


In addition it is proposed to add a case f) in section 6.6.2 of TS 51.021 for the 
multicarrier BTS:


“In case of the multicarrier BTS, the test specified under a) shall be repeated 
testing the supported and declared MCBTS configurations based on different 
number of carriers with equal maximum output power and the modulation type, 
equal for all carriers.”

3.2 RX blocking

It is proposed to change NOTE 2 in section 5.1 of TS 45.005 to read:
“At power level [9] dB higher than the mentioned blocking level of -25 dBm, the sensitivity may degrade by additional [9] dB.”
3.3 Spurious emissions


It is proposed to add the following phrase before the NOTE to section 4.3.1 of TS 
45.005:


“In case of a multicarrier BTS the spurious emissions inside and outside the 
relevant transmit band shall be less than the defined figures, independent of the 
number of active carriers and the modulation type.” 


It is also proposed to add the following phrase to section 6.6.1.2 of TS 51.021:


“In case of a multicarrier BTS the spurious emissions in the relevant transmit 
band shall be tested with one carrier at maximum output power. In addition a 
second test shall be performed with maximum number of carriers per antenna 
port activated at maximum and equal power and equal modulation type, with 
carrier frequencies at minimum and equal separation (e.g. Δf = 0.6 MHz). The 
spurious emissions shall be measured using average type measurement at 
frequency offsets 1.8 MHz ( Δf < 6 MHz and at frequency offsets Δf > 6 MHz 
above the highest used carrier frequency and below the lowest used carrier 
frequency.”

Similarly it is proposed to add the following phrase to section 6.6.2.1.2 a) of TS 
51.021 after the existing phrase:


“The BSS shall be configured with all transmitters active at their maximum output 
power on all time slots.”

“In case of a multicarrier BTS the spurious emissions shall be tested with 
maximum number of carriers per antenna port activated at maximum and equal 
power and equal modulation type, with carrier frequencies at minimum and equal 
separation (e.g. Δf = 0.6 MHz). The spurious emissions shall be measured using 
average measurement type for frequencies outside the BTS transmit band.”

The proposed change in [9] should be removed. Instead the following phrase 
should be added in 6.6.2.1.2 e) : 


“In case of MCBTS slow frequency hopping shall be disabled.”

3.4 MCBTS power class

It is proposed to add the following phrase to section 4.1.2 of TS 
45.005:

“For BTS belonging to the multicarrier BTS class, the manufacturer shall declare, for each modulation and for each possible number of carriers supported on a single antenna port, the maximum output power per carrier, with the restriction that all carriers are operated at the same nominal output power.”  
3.5 Spectrum due to modulation and wideband noise

It is proposed to add the following phrase at the start of section 4.2.1 of TS 
45.005:


“In case of a multicarrier BTS the requirements in this section apply to each 
configuration, that is to each supported number of carriers per antenna port and 
for each modulation. The measurement shall be performed firstly with a single 
carrier set to the maximum declared output power for each modulation and 
secondly for 
each supported number of carriers per antenna port, with maximum 
declared output power level per carrier, and for each modulation. Then the 
measurement shall be repeated for all static power levels.” 
A similar phrase is proposed to be added to section 6.5.1.2 of TS 51.021 after 
the following phrase:


“The system under test shall be tested with one TRX active or with the BTS 
equipped with only one TRX, at three frequencies (B, M and T). 


In case of a multicarrier BTS the measurement shall be performed firstly with a 
single carrier set to the maximum declared output power for each modulation and 
secondly for each supported number of carriers per antenna port, with maximum 
declared output power level per carrier, and for each modulation. Then the 
measurement shall be repeated for all static power levels below the declared 
maximum output power levels.”

4. CONCLUSIONS

This document has investigated various aspects related to the introduction of the multicarrier BTS, such as 

· Relaxation of intra-BTS TX intermodulation attenuation performance
· Relaxation of RX blocking performance

· Relaxation of spurious emissions performance
· Definition of the MCBTS power class

· Impact on spectrum due to modulation and wideband noise

· Impact on GSM-R and adjacent frequency bands

For some of them modifications are believed to be required in the specifications and thus corresponding text proposals have been provided. 
It is proposed to take these aspects into consideration during the discussions at GERAN#37 and to find agreement on the proceeding related to open issues. Also it is proposed to capture parts of this contribution in the Annex ZB of TR 45.050. 
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