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Introduction
This contribution analyses one of the SI compatibility objectives, namely on minimizing the impacts to GSM/EDGE base station hardware due to introduction of the N-GSM candidate solution included into TR 45.820 [1].

Impact from N-GSM to GSM/EDGE BTS
This section describes the impacts to transmitter and receiver chains from N-GSM introduction. 
Transmitter
Figure 1 illustrates the block diagram of the N-GSM transmitter chain. The light blue color boxes are new components introduced to the legacy GPRS/EGPRS transmitter chain.
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Figure 1: N-GSM transmitter chain.
The sections below explain the changes introduced to the legacy GPRS/EGPRS transmitter components due to the N-GSM support and analyses their impact to the legacy GSM/EDGE base station.
Precoding
N-GSM introduces an additional functional block in the transmitter chain which precodes the output of convolutional channel coding to spread the data bits across a set of GMSK symbols. Precoding provides hybrid modulation for the data symbol and also extends the transmission time of the data block by 4 times operating with an extended TTI of 80 ms.
Precoding performs a simple mapping of data bits to a GMSK symbol sequence, and this is expected to be introduced without any impact to the base station hardware.
Precoding at the transmitter also allows the use of less complex FFT based equalizer in the receiver chain compared to GMSK trellis based equalizer for GPRS/EGPRS. 
Impact due to spectral properties of the N-GSM waveform
The spectrum of the N-GSM waveform is analysed for the need of changing the spectrum mask, ACIR performance and Tx intermodulation requirements in [2]. The coexistence results for GSM as victim with comparative performance of N-GSM and GSM as aggressor indicate that there is no additional impact compared to the GSM aggressor. The Tx intermodulation products are slightly increased against the GMSK reference for lower frequency offsets whilst slightly decreased for higher ones. Thus the need for an additional test to verify the impact with precoded random bits as payload may be considered.
N-MAC Header for adaptive chase combining
N-GSM uses adaptive repetition to serve the users in extended coverage conditions. For this purpose the N-MAC header is encoded in all bursts of the 80 ms radio block into two precoded symbols surrounding the training sequence. This additional encoding of the N-MAC header is similar to the header coding in EGPRS. These changes are not expected to introduce any impact to the base station hardware in terms of processing load and memory size, as further outlined in section 3.
Coding schemes for N-GSM
N-GSM uses only one coding scheme for the payload. A dedicated base station serving only CIoT devices does not need to support multiple coding schemes for payload as being the case for GPRS/EGPRS.
Synchronization channel for N-GSM
Legacy GPRS/EGPRS system uses single SCH burst to transfer the synchronization channel message contents. N-GSM introduces a 4 burst SCH block where the synchronization message will be mapped. The TSC for the N-SCH burst is derived from the 64 bit legacy SCH TSC cutting the outer two symbols and bit order reversed [1]. These changes are not expected to have an impact to the hardware of the GSM/EDGE base station. The new N-SCH format can hence be introduced with software changes to the base station. 
New training sequences for traffic channel
Downlink traffic channel for N-GSM data uses for normal bursts an extended training sequence of 30 bits compared to 26 bits for GPRS/EGPRS normal bursts and is based on TSC Set 2 [1]. Modification of the training sequence length is not expected to have an impact to the hardware of the GSM/EDGE base station. It can hence be introduced with software changes.
Transmitter - Summary
The changes to the transmitter chain for N-GSM are small and are expected to be realized by software upgrade. As per coexistence analysis the spectrum of the N-GSM waveform does not cause impact to legacy users and hence no hardware changes are expected.
Receiver
The N-GSM receiver chain at the base station is illustrated in Figure 2 with new or modified blocks marked with light blue color.
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Figure 2: N-GSM receiver chain
The N-GSM receiver chain replaces the GMSK trellis based equalizer with the less complex FFT equalizer. Upon reception of the complete radio block (with extended TTI = 80 ms), chase combining across bursts belonging to repetitions of the same RLC block is performed prior to the FFT equalizer. To support adaptive chase combining, the receiver first attempts to decode the N-MAC header and if  successful, channel decoding of the payload is attempted. If the decoding of the payload fails the soft bits of all bursts are stored together with the received N-MAC header value so that the bursts can be chase combined when the same N-MAC header value arrives. Complexity and hardware impacts to GSM/EDGE base stations are analysed in the sections below.
Equalizer changes
Complex GMSK trellis based equalizer used for GPRS/EGPRS is replaced by less complex FFT equalizer. This reduces the processing complexity significantly compared to GPRS/EGPRS. 
Extended TTI
The amount of channel decoding attempts required within a given duration compared to GPRS/EGPRS is reduced due to the extended TTI of 80 ms of the radio block. The channel decoding is performed for every 16 TDMA frames for N-GSM channels. With concatenated extended TTI of 240 ms channel decoding is performed only for every 48 TDMA frames, thus reducing further processing complexity.
Adaptive chase combining impacts
The base station attempts to decode the RLC block after reception and chase combining of all bursts belonging to an RLC block carrying the same N-MAC header. 
The adaptive chase combining uses maximum ratio combining. Prior to combining, the frequency offset and phase shift for each received burst are corrected through channel estimation and AFC. With this implementation, the receiver performance is not impacted by frequency drifts and also mobility scenarios are supported without the requirement at transmitter side for coherent transmission.
For the device in target coverage condition, 9 decoding attempts , i.e. 1 single decoding attempt for first transmission and 2 decoding attempts for each of the 4 repetitions (maximum 5 transmission) are carried out, when concatenated extended TTI (240 ms) is used. For GPRS/EGPRS 60 channel decoding attempts are performed in the same duration based on TTI = 20 ms.
When 80 ms extended TTI is used, a maximum of 15 decoding attempts based on 7 repetitions will be required for bad channel conditions in extended coverage before successful decoding. These increased decoding attempts will not increase the overall computational load in comparison to GPRS/EGPRS, as N-GSM reduces computation due to less complex equalization and adoption of extended TTI length. Even multiple decoding attempts for repetitions will not increase the computational complexity, given that for GPRS/EGPRS 32 channel decoding attempts are performed in the same duration based on TTI = 20 ms. Further detail is given in section 3.2.
N-RACH burst format changes
N-RACH burst structure extends over two timeslots, i.e. TN 0 and TN 1. Hence the base station should support continuous reception in TN0 and TN1. It is not expected that this requirement will have impact on the GSM/EDGE base station hardware.
N-RACH repetitions and chase combining
Compared to the EGPRS RACH burst format, N-RACH introduces only two new training sequence codes. One training sequence code is used for N-RACH bursts sent due to MO traffic. The other training sequence code is used responding to paging requests. The number of N-RACH decoding attempts depends on the repetition pattern required in different path loss conditions. Thus no significant complexity increase is expected versus EGPRS RACH processing. Further detail is given in section 3.3.
Receiver - Summary
The receiver processing is rendered less complex with FFT based equalization and this will free up some processing capacity. The N-RACH burst format across two adjacent timeslots will require continuous reception at the base station. Adaptive chase combining for RLC data blocks will not increase the overall computational load due to much longer TTI sizes (80 ms, 240 ms) compared to GPRS/EGPRS. Processing of chase combining in N-RACH and multiple TSC detection are comparable to EGPRS RACH processing in terms of complexity.

Computational and Memory Requirements for adaptive chase combining and RACH Processing
Adaptive chase combining with Extended TTI (80 ms) 
On reception of all the 16 bursts of the RLC block, one channel decoding attempt is performed and if it fails the soft bits are stored along with N-MAC header value for further chase combining.
In uplink for the device in extended coverage condition below MCL = 164 dB where it uses TTI of 80ms, the base station will attempt for channel decoding and chase combining after reception of each repeated RLC block instance. Thus a maximum of 15 channel decoding attempts will be tried per each RLC block.
These additional channel decoding attempts do not result in additional computational load as the channel decoding is tried only per each 16 bursts compared to 4 bursts for GPRS/ EGPRS.
For each RLC block only one buffer is needed to store the accumulated soft bits from each transmission. Thus for each exception report processing, the base station needs memory for storing (= Number-of-RLC-blocks-per-Exception-Report * 16 * 112 soft bits). The amount of additional memory due to adaptive chase combining is small and can be managed within the available memory of the GSM/EDGE base station.
Adaptive chase combining with concatenated extended TTI (240 ms) 
When the device is in extended coverage, close to MCL=164 dB, the uplink transmission will use concatenated extended TTI mode. In this mode each RLC block is blindly repeated in successive 3 TTIs. The N-MAC header value in these 3 transmissions is also repeated. 
With concatenated extended TTI, decoding is attempted every 240 ms. The memory requirement for storing soft bits remains same as for 80 ms extended TTI, since the number of decoding attempts in the given interval is reduced by 1/3 with concatenated extended TTI compared to extended TTI, whilst the number of soft bits is tripled.
Uplink processing load in terms of channel decoding attempts for the device in extended coverage condition at MCL=164dB is thus reduced by 12 times compared to GPRS/EGPRS. In case of multiple decoding attempts for repetitions this factor decreases as depicted in section 2.2.3.
N-RACH Processing
In EGPRS, for every uplink RACH burst, 3 TSC blind detections and one channel decoding attempt are carried out.
In N-GSM, the N-RACH transmissions are repeated for specific number of times at specific positions based on the path loss estimation done at the device. Due to the need to combine multiple repetitions of N-RACH at the base station, the base station needs to carry out multiple channel decoding attempts for every N-RACH burst reception in stepwise manner as given below:
· Decoding is attempted based on received information from current N-RACH burst.
· Then decoding is attempted by combining the soft bits from previous repetition position for 2 transmissions (initial and first repetition).
· Decoding attempts continue based on combining soft bits of N-RACH stored from earlier frames until maximum repetitions are reached.
Based on the above, on reception of every N-RACH burst up to 5 channel decoding attempts will be tried in response to different repetition patterns [3].
To enable chase combining of N-RACH bursts at later frames, the base station needs to store all the soft bits of N-RACH bursts received for last NTIN interval [3]. This will require additional memory to store 144 soft bits * N. Note N is the repetition interval (in TDMA frames) for a given NTIN value; for NTIN=1, N equals 16*4=64.
N-RACH channel uses two different TSCs in uplink. TSC1 is used for N-RACH attempts originated due to uplink data transfer (MO traffic), and TSC2 is used for N-RACH attempts sent as paging response. In every N-RACH timeslot pair, the base station needs to detect above described 2 training sequences in addition to the TSC of the normal RACH bursts used in TN 0.
As the uplink receiver chain is only activated after receiving all symbols of the 2 adjacent timeslots TN 0 and TN 1, processing capacity freed up due to inactivity can be utilised for above additional processing related to multiple decoding and blind TSC detections.
Computational and memory requirements for Adaptive Chase Combining and N-RACH reception - Summary
The adaptive chase combining reduces the channel decoding attempts due to increased TTI size compared to GPRS/EGPRS. The memory requirements to store the soft bits for chase combining are minimal due to the short message sizes with low number of RLC blocks.    
N-RACH processing load is increased due to multiple decoding attempts needed per N-RACH burst reception and additional TSC blind detection. But the processing capacity freed up due to the less frequent decoding occurring only after reception of TN 1 can be used on the other hand.

Summary
This contribution has investigated the impact of the N-GSM candidate solution to GSM/EDGE base stations. The impact of the new functionality introduced in both uplink and downlink is analysed for hardware impacts, additional processing and memory requirements. Overall the impact to GSM/EDGE base stations from the N-GSM candidate solution is expected to be kept fairly low and hence the study item objective is considered fulfilled.
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