3GPP TSG GERAN#65		Tdoc GP-150145
Shanghai, P.R. China		Agenda item 7.1.5.3.5
[bookmark: _Ref515183447]9th – 13th March, 2015
Source: Ericsson
3GPP TSG GERAN#65
NB M2M – On adjacent channel interference
[bookmark: _GoBack]Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1]. The study is both open to non-legacy based design, and/or backward compatible evolution of GSM/EDGE.
In one of the non-legacy based designs – NB M2M – it is assumed that the system will not suffer from adjacent channel interference, see [2] and [3].
The sourcing company has raised a concern in previous discussions on this assumption which, for example, impacts the frequency planning and performance modeling in L2S mapping. 
This paper elaborates on the comments provided by the sourcing company in the discussions in GERAN so far, and concludes that further investigation is needed before this assumption can be agreed for the NB M2M system.
Background
General
Adjacent channel interference (ACI) is typically defined as interference generated by channels other than the wanted channel. It is not necessarily restricted to the first adjacent channel to the wanted signal, and also not necessarily restricted to interference from the same system. 
Adjacent channel interference performance requirements
In GSM, there are performance requirements for both the first ACI and the second ACI (and an optional requirement on third ACI). In WCDMA and LTE the requirement of the first adjacent channel is included by the Adjacent Channel Selectivity (ACS).
In GSM the adjacent channel interference performance C/Ia is either defined as a relative measure to the co-channel interference (C/Ic), or as an absolute C/Ia level. Which one that applies is depending on the service.
Adjacent channel interference modeling
In link level simulations the adjacent channel interference is typically modeled by generating the both the interferer on a neighboring channel and the wanted signal, and the resulting performance from demodulation is presented.
In system level simulations, an assumption of Adjacent Channel Protection (ACP) is typically used to model the level of unwanted emissions coming into the wanted channel. For GSM, a traditional ACP of 18 dB is typically used for the first ACI, although the more advanced receiver types, the more sophisticated modeling can be considered; see e.g. [4] and [5].
NB M2M
Intra-cell ACI
In the NB M2M proposal, the system concept relies on the use of channel bonding to more effectively make use of the spectrum. Using channel bonding higher than one means that the symbol rate is increased, and in order to avoid inter-symbol-interference, the signal bandwidth is proportionally increased. The highest channel bonding factor allowed in the system is eight, see [6]. Channel bonding is only used on the UL.
When channel bonding is used, the network frequency planning needs to rely on a contiguous set of frequencies per cell sector. As an example, this is illustrated in Figure 1 for a three sector site deployment where a 3 re-use of the frequencies is used for the traffic channels. In the same figure a typical 3 re-use for GSM is also illustrated.
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[bookmark: _Ref411864440]Figure 1. Frequency re-use principles for GSM and NB M2M.
As can be seen, one of the differences is that GSM ensures that intra-cell adjacent channel interference is avoided. It can be noted that this is always the case in typical GSM deployments. On the other hand for NB M2M it is always the case that intra-cell ACI is present in the system.
In order to roughly estimate the potential increase in ACI by having a frequency re-use similar to NB M2M, compared to a system similar to the GSM deployment, a system simulation scenario has been realized.  The system level simulations assumptions are set according to [6], including the model of building penetration loss scenario 1 and intra-site correlation coefficient 0.5. Only the resulting gain-matrix has been analyzed by logging the strongest interferer for the respective interferer type (co-channel or first adjacent channel), and from that the Ia/Ic ratio has been calculated. The gain matrix consists of a gain value between each base station and each device in the network. The gain includes antenna lobe, log-normal shadow fading, distance dependent path loss and building penetration loss.The results are shown as a CDF in Figure 2.
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[bookmark: _Ref411865869]Figure 2. Ia/Ic based on gain-matrix.
As can be seen, the adjacent channel interference ratio from the first adjacent channel is increased by around 10 - 15 dB by allowing intra-cell adjacent interference in the system.
Another observation is that for UL, the ACP shown for CBS1 in [2] is around 33-40 dB for all MCS. Looking at the UL NB M2M distribution, 20% of the samples are above 33 dB and 8% are above 40 dB Ia/Ic. So for these 8-20% of the samples, ACI would limit performance despite the good ACP.
It should be noted that this analysis was done to get an indication of potential system impact but cannot be used to draw any quantitative conclusions on the actual performance. I.e. in this paper only an analysis of the gain-matrix in done, and in a real system, the effect of for example power control would increase the dynamics of the Ia/Ic ratio, which is not considered here.
Spectral characteristics
The modulation spectrum is one of the primary aspects to consider when determining the spectral characteristics of a signal. Apart from the pulse type used, the pulse length needs to be determined to fully understand the spectral properties of the signal. In GSM a pulse length of 5 symbols is used for normal symbol rate, which is also the length maintained in the case of using high symbol rate (translating into 6 higher symbol rate periods). The pulse length will for example determine the ramp up and ramp down of the signal, and the potential inter-symbol-interference introduced at the transmitter side.
The pulse type has so far been provided by the proponents of the NB M2M system (RRC pulse with roll-off 0.22) but still no information on the pulse length has been provided.
In Figure 3 the spectrum of a single UL NB M2M is shown for pulse length of 4, 6, 8 and 10 symbol periods. As can be seen, the impact of, especially, the side-lobes are evident. 
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[bookmark: _Ref411874886]Figure 3. Spectrum of UL NB M2M carrier (channel bonding = 1) using pulse length 4,6,8 and 10. Channel bandwidth shown with black dashed lines.
Apart from the modulation spectrum, the overall spectral requirements of a wanted signal in the 3GPP specifications are typically illustrated by a spectrum mask. The intention of the spectrum mask is to ensure that unwanted emissions from the transmitter are kept at acceptable levels. This includes apart from the modulation spectrum also e.g. different impairments, spurious responses, spectrum re-growth from PA non-linearity and an implementation margin. In GSM the spectrum mask is mainly defined by the requirement on ‘Spectrum due to modulation and wideband noise’, see black line in Figure 4. 
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[bookmark: _Ref411876383]Figure 4. Requirement on spectrum due to modulation and wideband noise and GSM spectrum mask.
As can be seen, for example at the first adjacent channel interferer the margin from the modulation spectrum to the ‘modulation and wideband noise’-requirement is around 10 dB, and at the second adjacent channel the margin is around 20 dB. This is when comparing the ideal modulation spectrum (blue curve) with the spectrum mask requirement, indicating that the impairments listed above could have a significant impact on the overall spectrum characteristics of the signal.
If adding for example a non-linear cubic component to Figure 4 to illustrate the effects of IM3 onto the signal, the spectrum is changed (blue dashed curve).
If the same magnitude of non-linear component is added to an 8x bonded GMSK and BPSK carrier in NB M2M, assuming that the power is backed off according to the PAR of the signal (0 dB for GMSK, 5.0 dB for /8-8PSK), but that the cubic non-linearity is maintained, the spectrum re-growth of Figure 5 is visible.
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[bookmark: _Ref412728134]Figure 5. 8 x GMSK and 8 x /8-8PSK spectrum with and without cubic non-linear component added, together with a single bonded channel.
For the case of a single bonded channel in the same cell allocated to the neighboring channel, the adjacent channel interference is increased by roughly 7-10 dB (depending on interfering pulse). As an example, in Figure 5, a single bonded channel is illustrated as being received with 10 dB lower PSD compared to the bonded channels (green curve). Notice, Figure 5  is only for illustration purposes, and both x8 bonded channels are shown at the same PSD level, since the main point of illustration is the increased emissions in the adjacent channels (i.e. from red and blue solid to dashed lines).
Hence, it is important to understand what spectrum mask would apply for the NB M2M carriers in order to understand the possibility of excluding modeling of adjacent channel interference from the system level evaluations on system capacity and co-existence.
Adjacent channel protection
In [2] simulations of co-channel interference and first adjacent interference have been provided. It is not clear whether these simulations include typical impairments that could be expected, or only the modulation spectrum, but the resulting simulations show an ACP between, 26-55 dB on the DL and between 33-48 dB on the UL. The different levels of protection are heavily dependent on the MCSs simulated. The simulations assume the same wanted signal as interfering signal. As has been commented by the sourcing company it is not clear that the same protection levels apply in case of mixing MCSs with different bandwidths.
As a comparison with GSM, the ACP is typically assumed to be 18 dB, adding the ACI increase of 10-15 dB visible in Figure 2, increases the overall protection to 28-33 dB compared to a system where intra-cell ACI is allowed. These are similar levels as seen in the simulations in [2], but it should be noted that ACI for GSM is neither ignored in frequency planning of the network, nor in performance mapping in system level simulations.
Conclusions
The paper has elaborated on some comments provided at GERAN Ad Hoc#1 on Cellular IoT and to previous meetings regarding the assumption that the NB M2M system can discard the impact from adjacent channel interference both in the frequency planning of the NB M2M system (see [7]) and in the performance modeling of the system (see [3]).
Aspects that have been raised in the paper are:
· An indication of the increase in ACI on system level comparing a system where intra-cell ACI is avoided by frequency planning (e.g. GSM) compared to a system where intra-cell ACI is part of the system design (e.g. NB M2M) was seen to be around 10-15 dB.
· The pulse length used in the pulse shaping needs to be determined to understand the properties of the modulation spectrum.
· A spectrum mask should be defined that can be used in system level simulations to derive in-band interference levels caused by adjacent channels.
· In link simulations realistic impairments should be used (if not already taken into account) that captures a realistic spectral regrowth of the signals generated.
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