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[bookmark: _Ref396137062]Introduction
The study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) contains a set of performance objectives as well as a set of compatibility objectives. Among the latter belongs the objective to “Minimize impacts to the GPRS/EDGE base station hardware” [1], [2]. 
Later in Annex A of the TR 45.820 an additional preference is expressed in that “It is expected that the Cellular IoT technology is at least deployable on existing radio access sites based on 3GPP Multi Standard Radio Base Station Specifications (with the re-use of existing antennas, feeder cables etc.) and can preferably be introduced as a software load on those existing radio access nodes.”.
The intention of this contribution is to initiate a discussion around the compatibility of new narrow band radio access technologies so far captured in TR 45820 [2], i.e.  NB M2M and NB OFDMA, with legacy GSM/EDGE base stations.
This document is mainly focused on GERAN1 aspects, but it  also contains GERAN2 related parts.  Section 2 provides some general comments on the BSM/EDGE BTSs, and section 3 goes through a list of examples where impact on legacy BTSs need to be studied. The scope (GERAN1 or GERAN2) of each sub-section in Section 3 is made clear in the heading of the respective sub-section.
[bookmark: _Ref416798490]Overview of GSM/EDGE BTSs
To “minimize impact on GPRS/EDGE base station hardware” is a quite general wording. Over the years a number of base station classes have been introduced in the GERAN core specifications that can be divided in two major categories; the set of BTSs belonging to the Multi-carrier (MC) BTS class, and the set of BTSs not doing so, see e.g. [3] and [4]. The text in Annex A in TR45.820 [2] provides some additional guidance, when mentioning MSR specifications. The sourcing company assumes that this implies a MSR BS capable of GSM/EDGE single RAT operation, and multi RAT operation including GSM/EDGE. We would however support a more general wording used in also Annex A of TR 45.820 to make it more aligned with the study item objective, as it is important to support new technologies developed in TSG GERAN on the variety of GSM/EDGE BTSs installed over the world, including both single carrier and multi-carrier BTSs.
[bookmark: _Ref416785599]On the impact from NB M2M & NB OFDMA to GSM/EDGE BTS
In the following sub-section examples are given on possible impacts from the introduction of NB M2M and NB OFDMA on the GSM/EDGE BTS. The list of examples is non-exhaustive, and should be seen as an attempt to trigger the proponents of the new radio access technologies to present their understanding of the impact of their techniques on the legacy fleet of GSM/EDGE BTSs. 
Interface to upper layers (GERAN2)
The GSM/EDGE base station is connected via the Abis interface to the Base station controller (BSC). The packet switched domain is connected to the GPRS core network via the Gb interface. In case of both NB M2M and NB OFDMA, it is the understanding of the sourcing company that the decision to connect to the GPRS core, via Gb, or to connect to the Evolved Packet Core (EPC), via S1, is an open question. In case it is decided to connect to EPC, then how this connection will be established and the potential impact on legacy GSM/EDGE BTS interfaces to upper nodes needs to be investigated.
Radio impact (GERAN1)
A common character of multi-carrier technologies is a high Peak to Average Power Ratio (PAPR). The theoretical max PAPR of multi-carrier signal can be calculated as:

where N is the number of sub-carriers, while PAPR(mod) gives the PAPR of the modulation used on the sub-carriers. In this case, equal power is assumed on all carriers, and all carriers are assumed to use the same modulation.
According to TR45820 [2] NB M2M supports up to 12 carriers in the DL, while NB OFDMA up to 72. Both technologies use 16QAM as the highest order DL modulation. If assuming that the PAPR(mod) equals roughly 4.5 dB, the max PAPR for these two technologies both go well above 15 dB.
Table 1 Overview of the max PAPR for NB M2M and NB OFDMA.
	Technique
	Number of carriers
	Highest order modulation
	Max PAPR

	NB M2M
	12
	16QAM
	>15 dB

	NB OFDMA
	72
	16QAM
	>15 dB



However, in reality the peak power samples are occurring with a probability declining with their amplitude. This is shown in Figure 1 where the CCDF of the PAPR for NB M2M is presented given the assumption that 12 carriers are active over 180 kHz, all using 16QAM modulation. It is expected that NB OFDMA will show quite similar characteristics.
[image: ]
[bookmark: _Ref416790768]Figure 1 NB M2M PAPR characteristics, assuming 12 carriers over 180 kHz.
For GSM circuit switch services only constant envelope GMSK modulation is commonly used, and the same applies for GPRS services. Later EGPRS 8PSK was introduced with a PAPR of 3.2 dB, and with EGPRS2 32QAM a PAPR of 5.2 dB must be managed in the BTS. However, these modulations were not introduced to be operated at the coverage limit of GSM/EDGE, but to provide a more spectral efficient system operation when in good enough radio conditions. 
In single-carrier BTSs, it is the view of the sourcing company that marginal, or no PAPR capacity exists, meaning that the peak amplitudes of a modulated carrier, may it be GMSK, 8PSK or 32QAM, must be contained within the strict power capability limit of the equipment, e.g. 43 dBm. This is for example, considered by the BCCH requirements where a relaxation from the otherwise maximum rated output power is allowed for higher order modulation according to Table 2, see [5].
[bookmark: _Ref416815952]Table 2.  Allowed averaged BCCH power decrease per modulation.
	Modulation (PAR)
	Allowed average power decrease compared to GMSK

	8PSK (3.2 dB)
	4 dB

	16QAM (4.7 dB)
	6 dB

	32QAM (5.2 dB)
	6 dB



An MCBTS/MSR BTSs may be equipped with a capability to support a limited range of PAPR. For MCBTS this PAPR budget must be shared among all active GSM carriers, and in the case of MSR this includes sharing PAPR budget among carriers from the configured RATs, which may be GSM, WCDMA and/or LTE. 
There exists various means of controlling peak power in a transmitter, such as power backoff and PAPR compression. Power backoff is a straightforward application, but it  has a direct impact on coverage. PAPR compression may preserve the output power to some extent, but will introduce new functionality in a GSM/EDGE transmitter that needs to be evaluated. In case of MCBTS and MSR where multiple carriers/RATs share the radio PAPR compression, this may even impact the performance of the other RATs. So before concluding on the compatibility between NB M2M, NB OFDMA, and legacy GSM base stations it is the view of the sourcing company that the PAPR aspect needs thorough investigation. 
Computational complexity (GERAN1)
Both in case of NB M2M and NB OFDMA new functionalities are added to the transmitter chain. At a glance the most demanding new blocks is the narrow band pulse shaping in case of NB M2M, and the IFFT operation required in case of NB OFDMA. But even seemingly small details such as the choice of sample rate may be of importance. A legacy GSM/EGDE BTSs is built around the symbol rate of 270.8 kHz, while NB M2M and NB OFDMA seem to have selected basic sample rates with WCDMA, and/or LTE symbol rates in mind. 
To further exemplify the importance of this aspect, below is an example of the complexity of the LinGMSK pulse shaping currently implemented for EGPRS, versus the anticipated complexity of pulse shaping 12 NB M2M carriers, and the IFFT operation of NB M2M;
In the case of EGPRS it is assume that a LinGMSK pulse shaping filter h containing 5 taps is convolved with a burst of 148 IQ samples at a symbol rate of 270.8 kHz. To perform this operation the modulator must complete 4 additions, and 5 multiplications, for each symbol, and for each of the I and Q dimension. So in total 148x2x(4 + 5) = 2,664 operations is needed during the time of a burst, i.e. 0.58 ms. Calculated over one second this equates to ~4.6 million operations.
In the case of NB M2M, it is assumed that a RRC pulse shaping filter h containing 10 taps is used, and convolved with a 10 ms burst of 120 IQ symbols at a sample rate of 12 kHz. However to facilitate combination of 12 carriers over 180 kHz, it is assumed that the signal must be oversampled 15 times, leading to 1800 samples over 10ms. So for one carrier 120x15x2x(4 + 5) = 32,400 operations is needed during the time of a burst. For all 12 carriers the total computational effort becomes 12x32400 = 388,800 operations. Again calculated over one second this equates to ~39 million operations, i.e. more than 8 times the requirement derived for EGPRS.
In the case of NB OFDMA, it is assumed that a N size FFT/IFFT requires (N/2)xlog2(N) complex multiplications and Nxlog2(N) complex additions. A complex multiplication is equivalent to 6 real additions and multiplications, while a complex addition is considered equivalent to 2 real additions. For the NB OFDMA system, N equals 128, and here we for simplicity do not consider the reduced complexity introduced from the zero padding. A single OFDM symbol requires 6x(128/2)xlog2(128) + 2x128xlog2(128) = 4480 operations. Therefore, for the normal frame structure, in total 14x163x128 = ~10,2 million operations are needed during one second, i.e. roughly 2 times the requirement derived for EGPRS.
There are surely simplifications to be made for NB M2M and NB OFDMA in the above examples, but it’s the view of the sourcing company that the proponents of NB M2M and NB OFDMA needs to present an assessment of the computational requirements related to the introduction to NB M2M and NB OFDMA in legacy GSM/Base stations. 
Memory requirements (GERAN1)
Besides computational complexity, an aspect of importance to assess is the requirement on memory space caused by new RATs. To exemplify the difference between EGPRS and NB M2M, let us consider the radio blocks sizes of supported/suggested MCSs. 
First for EGPRS, let’s consider EGPRS2-A and DAS-12 offering the highest throughput for EGPRS. 3 RLC blocks, each containing 657 information bits are fed into the encoder, resulting in 3x2022 bits, that after rate matching equals 3x700 encoded bits. So if a modulator should be able to store the entire radio block during this sequence of operations, at least 3x2022 or 6.1 kbit memory is required.
In case of NB M2M the situation looks more challenging. Consider MCS-8 where 6144 information bits are fed into the ½ rate encoder, leading to a block size of 12.3 encoded kbits. Or consider MCS-0 that after ½ encoding, symbol mapping and 4x spreading turns 2304 information bits into 18432 encoded IQ samples. However, there may be tools available to divide the large code blocks of NB M2M in sub-blocks without loss in performance, to reduce the seemingly high requirements on memory size. Such measures are however not obvious, and needs to be elaborated upon before the impact from NB M2M on legacy GSM BTSs can be assessed. 
Regarding the NB OFDMA system design, not enough details have yet been provided to understand the impact on the memory requirement from this candidate proposal.
Summary
This contribution initiates a discussion around the FS_IoT_LC compatibility objective “Minimize impacts to the GPRS/EDGE base station hardware” in the context of the NB M2M and NB OFDMA proposals. A row of examples is made to highlight the importance of a thorough assessment of the impact from these new RATs to the legacy fleet of GSM/EDGE base stations.
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