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1 Introduction
At GERAN #62 a study item was agreed to study different access stratum solutions to meet the needs for Internet of Things (IoT) [1]. A narrow band M2M (NB-M2M) based solution was proposed in [2].
From [1], it was expected 
to design a clean-slate solution by utilizing limited number of 200 kHz resource blocks which may be available to operators by re-farming GSM carriers or using small parts of licensed spectrum of wideband systems.
Existing clean-slate solutions in [2] are operable in a single 200 kHz band, however, operating the solutions in a multiple band environment has not been discussed. In this contribution, we discuss several multi-band operation options for clean-slate solutions.
2 Multi-band Operations
To support massive number of low throughput devices, operators who have GSM bands may re-farm some of GSM carriers, on the other hands, operators who have a spectrum for wideband systems like LTE could utilize a fraction of the licensed spectrum. An example of re-farming of GSM bands for Cellular IoT (CIoT) is shown in Figure 1. When multiple resource blocks, for example, several 200 kHz GSM carriers, are available both for DL and UL, two options for multi-band operation are discussed in this contribution.
The first option is a straightforward approach where each resource acts as an independent DL or UL resource block of clean-slate solutions in [2]. In the second option, multiple resource blocks, each of which occupies 200 kHz, are treated as one CIoT system. To clarify the notation, hereinafter, we call a 200 kHz resource block which is operable as a DL or UL channel of NB M2M as a band.
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Figure 1. Example of Re-farming of GSM Bands for CIoT.
2.1 Option 1: Independent CIoT Operation per Band
In this option, both for DL and UL, the channelization of each 200 kHz band is the same as clean-slate solutions in [2]. For the initial access, each UE may select one of the available DL bands considering the channel quality of the band and perform cell-selection, synchronization, and system information acquisition. After choosing a coverage class, random access procedure in the corresponding RACH would be performed.

In Figure 2, an exemplary NB M2M system when the numbers of DL and UL bands are both three is shown.
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Figure 2. Example of NB M2M with Multi-band Operation Option 1: # of DL/UL Bands = 3.
2.2 Option 2: CIoT Operation over Multiple Bands

In this option, different from Option 1, multiple 200kHz bands are operated as a single CIoT system, hence, controlling information of the system can be located in one band among N bands. For example, in the NB M2M system, one of the DL bands is carrying PBSCH and EPBCH which can be reused by all the base station sectors as in [2]. Hence, the configuration information of the DCIs in all the DL bands and the RACH in all the UL bands is conveyed in the system information of the PBSCH and EPBCH. Moreover, the same cell ID is allocated for a sector in N x 200kHz bands regardless the bands the sector is utilizing. After acquiring the system information by reading PBSCH and EPBCH, UEs may try to decode DCIs in all the N DL bands, decide the coverage class, and then choose an appropriate band to attach. 
Figure 3 shows a channelization example of NB M2M adopting Option 2 when the number of both DL and UL bands are three. Note that in this example, since frequency partitioning for sectors in 200 kHz is assumed as in [2], DCIs of each sector cannot be placed in one band but should be spread in multiple bands instead. In this case, the dynamic scheduling of RACH in Band n may be configured in DCI in Band n.
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Figure 3. Example of NB M2M with Multi-band Operation Option 2: # of DL/UL Bands = 3.
2.2.1 Discussion of a System with Frequency Reuse Factor < 1
This operating option is applicable only for a system which is not fully reusing frequency (i.e., NB M2M). NB M2M. In NB M2M [2], there are 12 and 36 sub-channels in 200 kHz DL and UL band, respectively, and a number of sub-channels are allocated to each base station sector according to the frequency re-use strategy in case of PDSCH and PUSCH. Meanwhile, PBSCH and EPBCH in DL channel are reused by all the base station sectors, i.e., frequency reuse factor = 1.
However, when the multiple bands both for DL and UL transmission are available for CIoT, applying frequency re-use strategy over bands can be considered. For example, as in Figure 4, if three 200 kHz bands are assigned for CIoT DL transmission and a frequency re-use factor (FRF) is 1/3, each base station sector could occupy a whole 200 kHz band (i.e., 12 consecutive sub-channels) instead of utilizing a part of each band (e.g., 4 sub-channels in each band).
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Figure 4. Example of NB M2M with Multi-band Operation: FRF = 3, # of DL/UL Bands = 3.
3 Multi-band Frequency Hopping 

Frequency hopping over the set of CIoT bands for the base station sector is considered for the multi-band operation options in Section 2. Frequency hopping within a 200 kHz band may provide marginal diversity gain, however, band hopping may bring better diversity gain considering the wider operating bandwidth. 
Along with inter-band hopping, intra-band frequency hopping (i.e., frequency hopping in 200 kHz) can also be performed. By taking intra-/inter-band frequency hopping, the frequency diversity gain, mainly obtained by inter-band frequency hopping, and interference randomization effects are expected. In Annex, we compare the frequency diversity gain of intra-band hopping and of inter-band hopping cases to show that the inter-band hopping brings better frequency diversity gain than intra-band hopping.
To determine appropriate intra-band hopping interval for DL, symbol rate, pilot pattern, and DCI interval could be taken into account [2]. To choose the inter-band hopping interval, RF retuning time should be considered according to [3] since there would be a trade-off between hopping interval and RF retuning time. Both hopping intervals are applied to all MSs that are operating in the base station sector.

In NB M2M case, we assume PBSCH and EPBCH are not hopping over bands so that UEs can read the synchronization signal and the system information at the selected band anytime. Instead, inter-band hopping is performed to PDSCH and PUSCH. Note that intra-band frequency hopping is not performed as well for PBSCH and EPBCH as in [2]. In Figure 5, an example of multi-band hopping operation of NB M2M for Option 1 when the DL bands are three is shown. 
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Figure 5. Example of DL Band Hopping of NB M2M for Multi-band Operation Option1: # of DL Bands = 3.
4 Conclusions
In this contribution, two options were discussed to operate clean-slate solutions when multiple numbers of 200 kHz bands are available for DL and UL transmission. As a first option, N number of 200 kHz bands can be operated as N independent CIoT systems each of which utilizes 200 kHz as a system bandwidth, where N is the number of available bands for CIoT DL or UL. As a second option, N number of 200 kHz bands can be operated as a single CIoT system (i.e., scalable design).
For both operation options, frequency diversity gain can be exploited by applying inter-band hopping over multiple bands. To further randomize the interference from other cells, intra-band frequency hopping along with inter-band frequency hopping can be performed.
Annex: Comparison of Link Level Performance of Frequency Hopping within and across Bands 
If multiple bands are available instead of a single narrow band, we can enjoy additional frequency diversity gain via frequency hopping across multiple bands. Here, to clearly see this gain, we compare the link level simulation (LLS) of two extreme cases for UL transmission: one is applying frequency hopping within a single 200 kHz band; and the other is applying frequency hopping across two bands located far apart from each other (i.e., ≫200kHz). The hopping pattern which is considered in the simulation is described in Figure. 6. The inter- and intra-band hopping interval is assumed as 40ms, i.e., the minimum uplink hopping interval in [4].
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Figure 6. Intra-/Inter-band Frequency Hopping Pattern for the Simulation
The simulation parameters are summarized as follow.
Table 1. Simulation Parameters.
	Parameter
	Value

	Frequency band (MHz)
	900

	Base station antenna configuration
	1T2R

	UE antenna configuration
	1T1R

	Interference/noise
	Sensitivity

	Propagation channel model
	TU [5],[6]

	Doppler spread (Hz)
	1

	Delay spread (µs)
	5

	Channel
	UL-SCH, Class-A of NB M2M

	MCS
	Case 1 : UL MCS-4 of NB M2M
(π/2-BPSK, 1/3 Turbo coding, Bonding factor: 1, 
Spreading Factor: 1, Repetition factor: 2)

	
	Case 2 : UL MCS-5 of NB M2M
(π/2-BPSK, 1/3 Turbo coding, Bonding factor: 1, 
Spreading Factor: 1, Repetition factor: 1)

	Packet size
	50 bytes


Note that the delay spread is given by 5 µs, which results in the coherence bandwidth of 200 kHz. Therefore, in simulation, it is valid to assume that the channel is frequency flat within a single band while the channels of two bands which is apart much larger than 200 kHz are independently drawn due to their large frequency separation. Moreover, to solely show the amount of induced frequency diversity and its impact on the performance, we assume the ideal case in which channel estimation is performed perfectly.
The simulation results are given by Figures 7 and 8. In Figure 7, link level performance is depicted when MCS-5 is used. As shown in Figure. 7, due to the frequency diversity obtained from exploiting multiple bands, we can expect 2.2 dB gain in terms of SNR at 10% BLER for the multi-band scenario.
This tendency can also be observed when MCS-4 is used, where the repetition is now applied by factor 2 as compared to the MCS-5 case. In this case, we can obtain 0.8dB gain by applying frequency hopping across multiple bands, as shown in Figure 8. The result shows that frequency diversity gain is still achievable even when there is already time-diversity gain from repetition, although the impact is smaller than the non-repetition case.
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Figure 7. BLER performance with MCS-5.
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Figure 8. BLER performance with MCS-4.
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