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1. Introduction

This contribution investigates coexistence scenarios with legacy GPRS users for the NB Hybrid Modulation concept proposal described in [1], which is foreseen to be included in the Technical Report for Cellular IoT [3]. Section 2 describes the scenarios including simulation assumptions and section 3 reports the performance evaluation. Section 4 includes a consideration of the modulation spectrum for NB Hybrid Modulation. Section 5 depicts basic multiplexing of users served by GPRS or NB Hybrid Modulation into the same timeslot and section 6 considers the impact to cell capacity for voice and other CS services. Section 7 treats near-far aspects and section 8 depicts the conclusion. 
2. SIMULAtion Assumptions
Simulation assumptions for the investigated coexistence scenarios are summarized in Table 1. 
	Parameter
	Value

	Frequency bands
	900 MHz

	Simulated link
	Downlink

	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 
	-  Typical (model used described in section 2.1 of [2])

	GPRS victim receiver model
	Receiver complying to DARP performance requirements

	Antenna configuration
	BTS: 1Tx

MS: 1Rx

	Logical channel (wanted signal)
	CS1

	TSC of wanted signal 
	TSC 0

	Interferer modulation 
	· GMSK (in case of legacy interferer) 

· 2-FSK+BPSK with precoded GMSK (in case of NB Hybrid Modulation 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 Co-Channel Interference
3.1.1 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 Hybrid Modulation signal (TU1.2idFH). Note major units are in dB, x-axis has range of 14 dB.
3.1.2 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 Hybrid Modulation signal (TU1.2noFH). Note major units are in dB, x-axis has range of 14 dB.
3.2 Adjacent Channel Interference

3.2.1 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 Hybrid Modulation signal (TU1.2idFH). Note major units are in dB, x-axis has range of 20 dB.
3.2.2 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 Hybrid Modulation signal (TU1.2noFH). Note major units are in dB, x-axis has range of 20 dB.
4. Modulation Spectrum
This section depicts the modulation spectrum for NB Hybrid Modulation for the scheme 2-FSK+BPSK with precoded GMSK. Figure 5 shows the estimated modulation spectrum for NB Hybrid Modulation compared against legacy GMSK, averaged over 1000 bursts and all TSC’s from TSC set 1 being used.
[image: image5.png]Spectrum withoLt gating, moving average over +-15 kHz
10 . . T T T

90 i i i H i
-600 -400 -200 0 200 400 600

finkHz




Figure 5: Comparison of modulation spectra for a NB Hybrid Modulation 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. Multiplexing with Gprs and egprs

Devices using NB Hybrid Modulation and devices using normal GPRS and EGPRS can be multiplexed in the same timeslot. NB Hybrid Modulation employs fixed allocation with another set of training sequences, thus failed USF detections are avoided. With TTI=80ms, dynamic allocation with granularity-4 alternated allocation in UL is possible. Furthermore the RRBP mechanism provides even larger advance in UL allocation.

6. IMPACT TO VOICE and OTHER CS services
NB Hybrid Modulation reserves only a single slot for NB-BCCH/NB-CCCH, thus voice capacity is reduced by 1/7 (corresponding to around 30 kHz) for the single carrier BTS in case there is no Hybrid Modulation traffic to be served. A combined NB-BCCH and NB-PDTCH channel combination may further minimise impact to voice and CS services. 
7. 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 NB Hybrid Modulation with further 20 dB. Thus multiplexing of mobiles with different path losses near or far can be simultaneous in adjacent timeslots. 

8. Conclusion

In this contribution relevant scenarios for coexistence of legacy GPRS users and users being served by NB Hybrid Modulation are investigated in terms of co-channel and adjacent channel interference impact. No negative impact from a NB Hybrid Modulation 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 NB Hybrid Modulation.  
Regarding multiplexing with GPRS/EGPRS users on the same timeslot, shared operation with GPRS and EGPRS by NB Hybrid Modulation is considered feasible.

Minimum additional resources are required to support NB Hybrid Modulation operation in case of scenarios with no or low traffic load from CIoT devices, in that only one timeslot on the BCCH carrier is required.
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