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On the ER-GSM Coexistence Study

1. Introduction

The introduction of equipment operating in the ER-GSM frequency band is under discussion in 3GPP GERAN since 3GPP GERAN#51 when a work item was opened [1]. Several contributions, the most recent [2], have been provided so far motivating the specification of this equipment. The sourcing company believes that the study of the coexistence between ER-GSM networks and existing public mobile radio networks in the same band, as listed in [1], identifies a key task in this work to be finalized before introducing the requirements for such BS and MS equipment in the standard. This is because introduction of new equipment needs to be compatible with the existing infrastructure of public operators and of railway operators as well. GSM and UTRA base stations, the latter ones recently licensed to be operated in the 900 MHz band in many European countries, need to be considered. 

This contribution is structured in the following way: in section 2 comments are provided to [2]. In section 3 alternative approaches are sketched for the standardization of the ER-GSM band in 3GPP and section 4 provides conclusions.

2. COMMENTS TO [2]

The comments are provided in regard to the sections in [2] listed in the brackets of the subsection titles.

2.1 Allowed desensitization (1. Introduction)

The level of acceptable desensitization is proposed to be fixed to 1 dB. It should be noted that this refers to a constant signal power as BCCH carriers may exist in the ER-GSM band. We thus propose a lower figure aligning to [3] referring to co-existence requirements for MSR BS in the same geographical area than UTRA and E-UTRA BS by stating in clause 6.6.2.1.2:

“The limit to protect the E‑UTRA/UTRA uplink is based on a 67 dB MCL (BS-BS) and 0.8 dB allowed desensitization of the BS receiver.” 

This lower level of 0.8 dB has been used in the calculations in this contribution.

2.2 Level of inband blocking (2.3 Blocking specification)
We note that the level of inband blocking for MCBTS is wrongly stated in the table 7.6-3. The latest version of [4] specifies the following:

Table 7.6-3: Level of interfering signal for blocking

	
	GSM 400 and GSM900 (dBm)
	DCS1800 and PCS 1900  (dBm)

	Frequency band
	BTS
	Multicarrier
	micro and pico‑BTS
	BTS
	Multicarrier 
	micro and pico‑BTS

	
	
	BTS

(Note 3)
	M1 
	M2
	M3
	P1
	
	BTS

(Note 3)
	M1
	M2
	M3
	P1

	in ‑ band:
	
	
	
	
	
	
	
	
	
	
	
	

	fo +/‑ 600 kHz
	‑26
	-35
	‑31
	‑26
	‑21
	-34
	‑35
	‑35
	‑40
	‑35
	‑30
	-41

	800 kHz 
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 |f‑fo| < 1.6 MHz
	-16
	-25 & -16
	‑21
	‑16
	‑11
	-34
	‑25
	‑25
	‑30
	‑25
	‑20
	-41

	1.6MHz 
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 |f‑fo| < 3MHz
	-16
	-25 & -16
	-21
	-16
	-11
	-26
	-25
	-25
	-30
	-25
	-20
	-31

	3 MHz
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 |f‑fo|
	-13
	-25 or -16
	‑21
	‑16
	‑11
	-18
	‑25
	‑25
	‑30
	‑25
	‑20
	-23

	out - of – band 
	General
	8
	-15
	8
	8
	8
	8
	0
	-15
	0
	0
	0
	0

	
	Co-siting
	8
	16
	8
	8
	8
	8
	0
	16
	0
	0
	0
	0


2.3 Nominal sensitivity (3.1 Desensitization computation in dB per dB approach)  
We agree to the level of -110 dBm for the nominal sensitivity. This case reflects better state-of-the-art BTS receiver capabilities than the level of -104 dBm in TS 45.005. 

We also agree to the methodology of the taken computation approach. 

2.4 Acceptable blocker levels (3.1 Desensitization computation in dB per dB approach)  
The acceptable blocker level for sensitivity -110 dBm, 0.8 dB desensitization margin, single carrier BTS and -13 dBm blocker resistance, is then -28.4 dBm instead of -27.3 dBm.

The acceptable blocker level for sensitivity -110 dBm, 0.8 dB desensitization margin, multicarrier BTS, -25 dBm blocker resistance, is then -40.4 dBm instead of -39.3 dBm.

The acceptable blocker level for sensitivity -110 dBm, 0.8 dB desensitization margin, multicarrier BTS, -16 dBm blocker resistance, is then -40.9 dBm instead of -39.8 dBm.

2.5 Acceptable blocker levels (3.2 Determining GSM BTS to BTS isolation from applicable standard)  
The acceptable blocker level for sensitivity -104 dBm, 0.8 dB desensitization margin, single carrier BTS and -13 dBm blocker resistance, is then -19.9 dBm instead of -18.8 dBm.

2.6 Duplex Filter slope (3.2.1 Determining rejection at 915 MHz)  
This section makes a specific assumption on the BTS transceiver architecture, in that a linear slope is assumed for the duplex filter of the victim BS with a slope of 4.88 dB/MHz between 915 and 925 MHz. The filter slope is assumed to start right from the BTS receive band edge frequency and end right at the BTS transmit band edge frequency. Compensation for frequency tolerance due to temperature drift is not taken into account. In addition the requirement for a low insertion loss up to passband edges prohibits the steep attenuation slope to start right at the band edge. All this depicts non-realistic assumptions for the duplex filter attenuation performance. For typical E-GSM BTS in the field duplex filter attenuation may be as low as 0 dB at 918 MHz.

It is noted that the duplex filter performance is not part of the 3GPP specifications and hence ideal or unrealistic assumptions will not take into account the characteristics of legacy BTS in the field. Thus we propose to use the figure of 0 dB for the rejection at 918 MHz. 

2.7 RX input level for single carrier BTS (3.2.2 Determining ER-GSM blocker at Rx input)
For single carrier BTS and sensitivity of -104 dBm and 0.8 dB desensitization margin, the required isolation between BTS is then

45 dBm – (-19.9 dBm) = 64.9 dBm and the level at RX input is -19.9 dBm. 

2.8 BTS to BTS Isolation (3.2.3 Application to GSM BTS and MCBTS in E-GSM band)
With the above assumptions Table 4 needs correction as depicted below.

	Configuration 
	GSM SCBTS -13 dBm
	GSM MCBTS -25 dBm

	
	Specification
	Nominal
	Specification
	Nominal

	BTS to BTS isolation
	64.9 dB
	73.4 dB
	76.9 dB
	85.4 dB


Table 1: Required BTS isolation (between ER-GSM and E-GSM)

From Table 1 it can be seen that the BTS isolation figures exceed the MCL figure of 67 dB stated in [3] in all cases except for single carrier BTS and sensitivity performance according to specification. For a sensitivity of -110 dBm this MCL is exceeded by 6.4 dB for single carrier BTS and by 18.4 dB for MCBTS. 

Further in this section it is argued

“Considering that no issues have been reported where MCBTS systems reception could be affected by R-GSM emissions, actual isolation in the field between MCBTS and R-GSM base stations is at least 84.3 dB.”

It is the view of the sourcing company that we cannot go for this conclusion. Firstly, only R-GSM is deployed as of today, which has a higher frequency offset (6 MHz and hence 3 MHz more than ER-GSM) to the BTS receive band, which makes a major difference to the ER-GSM case in terms of duplex filter performance. Secondly, the penetration of MCBTS is still relative low in countries with R-GSM. Thirdly, operators may use single carrier BTS in proximity of GSM-R BTS deployments. 

Regarding the statement of RX input levels lower than the required reduced blocker level, it is again emphasized that this is based on the assumption of duplex filter attenuation of 20 dB at 918 MHz, which is not existing for many state-of-the-art BTS transceivers fulfilling the 3GPP specifications. 

2.9 UTRA/E-UTRA BS Isolations (4  Determining UTRA and E-UTRA BS isolation from applicable standard)
We agree to the proposed sensitivity figures according to specification and the nominal figures for UTRA and E-UTRA. 

Regarding Table 5 we emphasize that wrong assumptions have been used for the blocker levels, since in both cases levels for a wideband blocker signal with 5 MHz bandwidth and with a 10 MHz frequency offset from the wanted signal have been used, unlike the narrowband ER-GSM signal with an effective bandwidth below 200 kHz and a frequency offset of 3 MHz. 

We propose that the applicable blocker level for a UTRA victim BS be based on the narrowband blocking requirement in [5] with a level of -47 dBm for a GMSK modulated GSM interferer valid for blocker frequency offsets ≧ 2.8 MHz from wanted signal, i.e. from the UTRA carrier frequency. Although this requirement refers to inband blocking performance and thus is defined for the blocker frequency range between 880 – 915 MHz, it is also valid for the range 915 MHz – 918 MHz and slightly above because the Duplex filter attenuation does not provide substantial attenuation in this range as described in section 2.6 above. 

We propose that the applicable blocker level for a E-UTRA victim BS be based on the narrowband blocking requirement in [6] with a level of -49 dBm for 1 RB E-UTRA signal with a bandwidth of 180 kHz being close to the bandwidth of the ER-GSM blocker valid for blocker frequency offsets ≦ 4.66 MHz from channel edge of the wanted E-UTRA signal. Thus this frequency offset range also covers the given scenario with an ER-GSM carrier as interferer at the lowermost ER-GSM carrier frequency at 918.2 MHz having a frequency offset of 3.2 MHz. 
With the above assumptions Table 5 needs correction as depicted below.

	Configuration 
	UTRA
	E-UTRA

	
	Specification
	Nominal
	Specification
	Nominal

	BTS to BTS isolation
	103.7 dB
	106.2 dB
	105.7 dB
	108.2 dB


Table 2: Required BTS isolation (between ER-GSM and UTRA/E-UTRA)

From Table 2 it can be seen that the BTS isolation figures exceed by far the MCL figure of 67 dB stated in [3] in all cases (by between 36.7 and 41.2 dB). 

Further in this section it is argued:

“Similarly to MCBTS scenario, UTRA and E-UTRA standards have been defined with more lessons learned from the field. Experience has led to consider more isolation between sites than what was originally anticipated for GSM.”

It is the view of the sourcing company that inband blocking limits are solely based on the isolation between UE and BS, and not between BS sites.

The use of antennas with lower gain for UTRA and E-UTRA is claimed:

“UTRA and E-UTRA systems are often using antennas with lower gain than what is used for GSM systems. For example, [R5] in section 7.4.1.2.1.3, is considering 13 dB antenna gain and, it is assumed that antenna gain toward another Base Station system is only 10 dB due to antenna tilt.”

This is an incorrect assumption in our view. For UTRA and E-UTRA systems antennas with same or even higher antenna gain are typically used to provide higher data throughput. The mentioned 13 dB antenna gain includes the feeder loss. In [7] the RF scenarios for E-UTRA systems are even based on 15 dB antenna gain including feeder loss.

2.10 Spurious emissions (5  Spurious emissions evaluations, ER-GSM aggressor, E-GSM legacy or MCBTS victim)
We do not agree on the accumulation of spurious emissions based on the linear slope over the UL/DL guard band as shown in Table 7. This is not a realistic assumption for the duplex filter attenuation performance of legacy BTS in the field in case of spurious emissions between 915 and 918 MHz. 
It should be clarified why a lower level of desensitization margin of 0.4 dB is targeted in Table 8 in contrast to the 1 dB margin for the receiver blocking. 

2.11 Performance Summary (6 Conclusion)
It is stated: 

“As can be seen ER-GSM potential Blocker level at victim Rx input at 918 MHz is always much lower than blocking level corresponding to 1 dB desensitization.”

In our view this is not correct, since many legacy BTS exist in the field that may have lower duplex filter attenuation at 918 MHz, but fulfil the 3GPP specifications. The contribution [2] disregards this type of equipment. With an appropriate assumption it is shown in the present contribution that required BTS to BTS isolations cannot be met in most cases (the only exception is ER-GSM coexisting with single carrier GSM BTS at specification performance for RX sensitivity). For realistic sensitivity performance based on nominal specification the required BTS-BTS isolation exceeds the MCL figure of 67 dB between BS sites in [8] by

a) 6.4 dB for victim single carrier E-GSM BTS

b) 18.4 dB for victim E-GSM MCBTS  

c) 39.2 dB for victim UTRA 900 BS

d) 41.2 dB for victim E-UTRA 900 BS

It is expected that such high required isolations can actually not be achieved in (sub-) urban environments with high density of BS sites, in particular for the cases c) and d).

3. ALTERNATIVE APPROACHES

Neglecting the ER-GSM coexistence issues would in the end not serve the successful deployment of EIRENE networks which however is crucial for safe and secure railway operation. Nevertheless, the request for the use of the ER-GSM frequency band for railway operation is a very valid one, all the more with regards to future planned applications.    

The sourcing company who is committed to GSM-R technology is aiming to enable the use of the ER-GSM frequency band without any co-existence issues. Therefore this section sketches some alternative approaches for the ER-GSM band definition in 3GPP.
3.1 Restricted carrier power levels for ER-GSM BTS 

The investigation in [2] is based on an output power level of 45 dBm. The required BTS-BTS isolation could be fully or partly achieved with a lower output power level. For instance if the ER-GSM BTS output power was decreased to 30 dBm, then the required BTS-BTS isolation between ER-GSM and E-GSM could be almost achieved. This would correspond to micro-BTS deployments in urban areas. In fact such ER-GSM deployments could serve well to mitigate local capacity issues in shunting yards and railway stations.

3.2 Exclusion of BCCH usage in ER-GSM band 

Furthermore BCCH usage in the ER-GSM band could be excluded. Only TCH would be deployed, preferably using DL power control and slow frequency hopping to increase the effective frequency offset to the victim BTS RX band.

3.3 ER-GSM band segmentation 

Another option to mitigate interference towards a victim BTS receiver while allowing for higher transmit power levels in the ER-GSM band is the segmentation of the ER-GSM band into 2 or more blocks, utilizing the available higher duplex filter attenuation for higher frequency offsets. The maximum carrier power levels for these blocks would be subject to 3GPP specifications. This way a sort of carrier output power mask is defined with higher power levels for higher frequency offsets. Nevertheless this approach for segmentation of the ER-GSM band in regard to carrier output power capabilities may require feedback from several network infrastructure manufacturers in 3GPP. 

3.4 Adoption of specific TX antennas at ER-GSM BTS
As a fourth  option, adoption of special transmit antennas with narrow beams for ER-GSM BTS along railway tracks comes into the picture to increase both the EIRP and the BTS-BTS isolation for a given output power level. 

4. Conclusions

The ER-GSM coexistence study [2] investigates the impact due to receiver blocking and the impact due to receiver desensitization caused by transmitter spurious emission. The investigations so far have shown that for all investigated cases (victim receiver: E-GSM BTS, UTRA 900 BS, E-UTRA 900 BS) the required BTS-BTS isolations are too large to cover all expected scenarios in the field, in other words the minimum coupling loss is undercut. This needs to be compensated in particular for the most critical cases, i.e. UTRA 900 and LTE 900. It is thus proposed to investigate among others following options: 
a) Restricted carrier power levels for ER-GSM BTS 

b) Exclusion of BCCH usage in ER-GSM band
c) ER-GSM band segmentation related to allowed carrier output power levels
d) Adoption of specific TX antennas at ER-GSM BTS to create narrow beam radiation patterns 

The sourcing company welcomes discussion in 3GPP GERAN on this proposal for the way forward. It is suggested that 3GPP GERAN informs ETSI TC RT about the actual status and in particular about the result of this discussion. Also feedback on identified open aspects like envisaged cell sizes, usage of BCCH in ER-GSM band, BTS antenna types, and more generally a description of the foreseen operational scenarios for railway networks using the ER-GSM band from ETSI TC RT is considered as beneficial for the further work in 3GPP GERAN. 
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