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N-GSM: Coexistence with legacy GPRS users
1. Introduction

This contribution investigates coexistence scenarios with legacy GPRS users for the N-GSM concept proposal earlier introduced in [1], which is proposed to be included into TR 45.820 [2] in [3]. Section 2 describes the scenarios including simulation assumptions and section 3 reports the performance evaluation for the two scenarios (1: N-GSM as aggressor, GPRS as victim, 2: GPRS as aggressor and N-GSM as victim). Section 4 includes a consideration of the modulation spectrum for N-GSM. Section 5 depicts impacts to the TX intermodulation spectrum due to N-GSM compared against the GMSK reference. Section 6 treats near-far aspects and section 7 depicts the conclusion. 
This contribution is a revision of [4] with updated parts in blue.

2. SIMULAtion Assumptions
Simulation assumptions for the investigated coexistence scenarios are summarized in Table 1. 
	Parameter
	Value

	Frequency bands
	900 MHz

	Simulated link
	Downlink, Uplink

	Interference profiles
	· single co-channel interferer
· single adjacent channel interferer

	Radio channel profiles
	- 
TU 1.2 km/h, id FH
- 
TU 1.2 km/h, no FH

	Input 
	CCI, ACI

	BTS RF impairments
	Typical

	MS RF impairments
	Typical

	Frequency error model 
	DL: 40 Hz, fixed
UL: model used described in section 2.1 of [5])

	GPRS victim receiver model
	Receiver complying to DARP performance requirements (downlink)
IRC type of receiver (uplink) 

	Antenna configuration
	DL: BTS: 1Tx, MS: 1Rx

UL: MS: 1Tx, BTS: 2Rx

	Logical channel (wanted signal)
	CS1 for GPRS,
N-PDTCH with 80 ms for N-GSM

	TSC of wanted signal 
	TSC 0

	Interferer modulation 
	· GMSK (in case of legacy interferer) 

· 2-FSK+BPSK with precoded GMSK (in case of N-GSM interferer)

	Interferer time synchronization 
	Synchronous to wanted signal

	TSC of interferer
	TSC 5

	Simulated bursts per point
	40 000  


Table 1: Simulation assumptions for the coexistence study.
Both co-channel and adjacent channel interference scenarios are considered relevant for determining the impact on coexistence. First the impact of co-channel interference has been studied. This corresponds to cell deployments around national borders in case of multiple operators or to intra-system interference in case of one operator. Second the impact of adjacent channel interference has been studied. This corresponds to cell deployments in the same geographic area in case of multiple operators or to intra-system interference in case of one operator.
3. PERFORMANCE Evaluation

This section contains the performance evaluation for the depicted coexistence scenarios, in particular co-channel interference and adjacent channel interference scenarios were considered.
3.1 N-GSM as Aggressor, Downlink 

3.1.1 Co-Channel Interference
Hopping radio channel profile 

CCI performance for Downlink and TU1.2idFH is depicted in Figure 1. 
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Figure 1: Comparison of CCI performance in DL for a GPRS user when interfered by a GMSK or N-GSM signal (TU1.2idFH). Note major units are in dB, x-axis has range of 14 dB.
Non-hopping radio channel profile 

CCI performance for Downlink and TU1.2noFH is depicted in Figure 2. 
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Figure 2: Comparison of CCI performance in DL for a GPRS user when interfered by a GMSK or N-GSM signal (TU1.2noFH). Note major units are in dB, x-axis has range of 14 dB.
3.1.2 Adjacent Channel Interference

Hopping radio channel profile 

ACI performance for Downlink and TU1.2idFH is depicted in Figure 3. 
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Figure 3: Comparison of ACI performance in DL for a GPRS user when interfered by a GMSK or N-GSM signal (TU1.2idFH). Note major units are in dB, x-axis has range of 20 dB.
Non-hopping radio channel profile 

ACI performance for Downlink and TU1.2noFH is depicted in Figure 4. 
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Figure 4: Comparison of ACI performance in DL for a GPRS user when interfered by a GMSK or N-GSM signal (TU1.2noFH). Note major units are in dB, x-axis has range of 20 dB.
3.2 N-GSM as Aggressor, Uplink 

3.2.1 Co-Channel Interference

Hopping radio channel profile 

CCI performance for Uplink and TU1.2idFH is depicted in Figure 5. 
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Figure 5: Comparison of CCI performance in UL for a GPRS user when interfered by a GMSK or N-GSM signal (TU1.2idFH). Note units are in dB, x-axis has range of 18 dB.
Non-hopping radio channel profile 

CCI performance for Uplink and TU1.2noFH is depicted in Figure 6. 
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Figure 6: Comparison of CCI performance in UL for a GPRS user when interfered by a GMSK or N-GSM signal (TU1.2noFH). Note units are in dB, x-axis has range of 20 dB.
3.2.2 Adjacent Channel Interference

Hopping radio channel profile 

ACI performance for Uplink and TU1.2idFH is depicted in Figure 7. 
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Figure 7: Comparison of ACI performance in UL for a GPRS user when interfered by a GMSK or N-GSM signal (TU1.2idFH). Note units are in dB, x-axis has range of 26 dB.
Non-hopping radio channel profile 

ACI performance for Uplink and TU1.2noFH is depicted in Figure 8. 
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Figure 8: Comparison of ACI performance in UL for a GPRS user when interfered by a GMSK or N-GSM signal (TU1.2noFH). Note units are in dB, x-axis has range of 26 dB.
3.3 N-GSM as Victim, Downlink 

The simulation results are presented for TU1.2noFH as worst case performance.

3.3.1 Co-Channel Interference

Non-hopping radio channel profile 

A DTS-2 interferer scenario is foreseen for the evaluation. 
3.3.2 Adjacent Channel Interference

Non-hopping radio channel profile 

ACI performance for Downlink and TU1.2noFH is depicted in Figure 9. 
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Figure 9: Comparison of ACI performance in DL for a GPRS user when interfered by a GMSK or N-GSM signal (TU1.2noFH). Note units are in dB. X axis has range of 12 dB.
3.4 N-GSM as Victim, Uplink 

3.4.1 Co-Channel Interference

Non-hopping radio channel profile 

A DTS-2 interferer scenario is foreseen for the evaluation. 

3.4.2 Adjacent Channel Interference

Non-hopping radio channel profile 

ACI performance for Uplink and TU1.2noFH is depicted in Figure 10. 
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Figure 10: Comparison of ACI performance in DL for a GPRS user when interfered by a GMSK or N-GSM signal (TU1.2noFH). Note units are in dB, x-axis has range of 18 dB. 
3.5 Discussion 

For N-GSM as aggressor, no degradation is observed versus a GMSK interferer both for co-channel and adjacent channel performance. 
For N-GSM as victim,  co- channel interference performance is being investigated for the DTS-2 interferer profile. Single adjacent channel interference performance is observed to be similar or better for the N-GSM interferer than GSM Interferer.

4. Modulation Spectrum

This section depicts the modulation spectrum for N-GSM for the scheme 2-FSK+BPSK with pre-coded GMSK. Figure 11 shows the estimated modulation spectrum for N-GSM compared against legacy GMSK, averaged over 1000 bursts per TSC and all TSC’s from TSC set 1, cyclically 
extended to 30 bits, being used.
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Figure 11: Comparison of modulation spectra for N-GSM signal using 2-FSK+BPSK with precoded GMSK (red) and for the GMSK reference (blue).
It is noted that this represents a simulated non-gated measurement over the complete burst including the TSC (averaging over all TSC’s was done) and normalized to the entire burst energy. It is observed that the narrowband symbol sequences can be identified in the frequency range around +/- 68 kHz from the centre frequency. In simulations, as shown in section 3, DARP receivers seem able to cancel also this type of interference, and even slightly better performance is achieved compared to GMSK for co-channel interference, whilst there is no change observed for adjacent channel interference, since the modulation spectrum has a similar spectral power distribution compared to GMSK.
5. TX intermodulation

This section treats impacts to the TX intermodulation spectrum due to N-GSM using 2-FSK+BPSK with pre-coded GMSK. Figures 12 to 14 show the comparison of simulated TX intermodulation spectra for a 3rd order IM product
· for the case that an N‑GSM carrier at Fc1 intermodulates with an N-GSM carrier at Fc2
· compared against the reference case of intermodulation between two GMSK carriers with the same power as the N‑GSM carriers.
The intermodulation power spectrum density is averaged over 1000 bursts per TSC and all TSC’s from TSC set 1, cyclically 
extended to 30 bits, are used. The impact is considered for different applied measurement bandwidths (MBW): 
· 30 kHz, for IM products located at frequency offsets below 1.8 MHz (Figure 12)
· 100 kHz, for IM products located at frequency offsets between 1.8 MHz and 6 MHz (Figure 13)
· 300 kHz, for IM products located at frequency offsets above 6 MHz (Figure 14) 
measured from the outermost carrier as prescribed in TS 45.005.  
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Figure 12: Comparison of 3rd order TX intermodulation spectra for N-GSM  signal using 2-FSK+BPSK with pre-coded GMSK (red) and for the GMSK reference (blue), MBW=30 kHz.

For this measurement bandwidth the maximum difference in measured IM power from the reference is about 7.5 dB at ± 200 kHz from the IM3 centre frequency. For the maximum IM power in the 600 kHz window around the centre frequency, for which the IM attenuation requirement is valid, an increase of 1.6 dB at 
± 67 kHz versus the reference is observed.
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Figure 13: Comparison of 3rd order TX intermodulation spectra for N-GSM  signal using 2-FSK+BPSK with pre-coded GMSK (red) and for the GMSK reference (blue), MBW=100 kHz.

For this measurement bandwidth the maximum difference in measured IM power from the reference is about 6 dB around ± 250 kHz from the IM3 centre frequency. The maximum IM power in the 600 kHz window around the centre frequency is however not increased.
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Figure 14: Comparison of 3rd order TX intermodulation spectra for N-GSM  signal using 2-FSK+BPSK with pre-coded GMSK (red) and for the GMSK reference (blue), MBW=300 kHz.
For this measurement bandwidth the maximum difference in measured IM power from the reference is about 6 dB around ± 340 kHz from the IM3 centre frequency. The maximum IM power in the 600 kHz window around the centre frequency is however decreased by 0.5 dB against the reference.
It is noted that the IM3 power for N-GSM falls below the GMSK reference in the outer range between 300 and 600 kHz from the IM centre frequency. Also the fact that intermodulation between an N-GSM and a legacy GSM carrier will be more typical than between two N-GSM carriers in the same Tx path will make the intermodulation spectrum more flat.
In summary the impact from N-GSM modulation to 3rd order intermodulation products is considered to be small and is not expected to result in major issues in case of good PA linearity preserving the good spectral properties of GSM.
6. receiver dynamic range in uplink

The reference sensitivity level of GSM BTS needs to be obtained when received level in adjacent time slot is up to 50 dB higher. It is expected that this can be scaled for N-GSM with further 20 dB. Thus multiplexing of mobiles with different path losses near or far can be simultaneous in adjacent timeslots. 

7. Conclusion

In this contribution relevant scenarios for coexistence of legacy GPRS users and users being served by N-GSM are investigated in terms of co-channel and adjacent channel interference impact. No negative impact from N-GSM interferer compared to a GMSK interferer is observed, thus it is concluded that there is only a negligible impact on co-channel and adjacent channel interference due to the introduction of N-GSM. 
In addition the impact from the change in modulation spectrum and TX intermodulation spectrum is studied and only a small impact is expected.  
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