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EC-GSM - Impacts to Legacy Base Stations
1 Introduction
At GERAN#62, a study item named “Cellular IoT” (CIoT) was created, aiming to evaluate how to support low throughput and low complexity machine type communications [1]. EC-GSM is one of the candidate solutions, see sub-clause 6.2 of the latest TR draft [2].

One of the objectives of the CIoT SI is to “Minimize impacts to the GPRS/EDGE base station hardware”. This document provides some analysis on the implementation impacts of EC-GSM to legacy GSM/EDGE BTS.

2 Impacts of EC-GSM to legacy base stations
2.1 Extra modulation index for GMSK

In EC-GSM, in addition to the existing modulation index of +1/2 for GMSK, another modulation index of -1/2 is introduced for the EC-SCH channel in order for the MS to detect the 51-multiframe border where the EC-SCH information changes.
Support for the new modulation index should not be a problem if the GMSK modulator is implemented in software on a DSP processor, or similar. However, since the GMSK modulation has been specified for decades without any changes, it has been implemented as hardware in many legacy base stations for the purpose of cost saving and execution speed, and in these cases it is not possible to support the extra modulation index without any hardware impact.
2.2 Overlaid CDMA
Overlaid CDMA was proposed for EC-GSM in the uplink where at most four users can be multiplexed on the same ARFCN, frame number and time slot.

In order to support overlaid CDMA, a successive interference cancellation (SIC) receiver is required at the base station (see e.g. section 3.3.1 of [3]). However, such a complex receiver is not supported in some legacy base stations, especially those that do not support VAMOS.

In [4] it is stated that “A legacy receiver should already today support equalization of two users multiplexed on VAMOS sub-channels. In addition to this the load sharing over multiple TS is possible, due to low EC-GSM duty rate”. However,

1. Even if the legacy receiver supports SIC on two VAMOS sub-channels, doubling the number of users will also double the computational complexity at the receiver. Therefore, even a VAMOS capable base station may not be able to support overlaid CDMA.
2. Load sharing over multiple TS is only possible if there are always “idle” timeslots which are not allocated to any MSs, e.g. TS 0-3 are allocated to EC-GSM MSs and TS 4-7 are not allocated to any other MSs, indicating a waste of resources. In fact, the base station is normally dimensioned for full TS allocations and it is unrealistic to assume that some baseband processing efforts can be offloaded between TSs. Even if such offloading is possible due to the load imbalance between TSs, it will require some major changes to the receiver, e.g. storing/recovering/sharing of states.
Hence a significant increase in the requirement for processing power seems inevitable. Depending on the margin of processing power in the base station, the base band unit may need to be replaced in order to support overlaid CDMA.

2.3 Extra training sequences for random access
Six coverage classes were defined for EC-GSM, each being mapped onto a given set of frames within one or two 51-multiframes, as illustrated in figure 6.2.4.2-5 of [2] and reproduced below.
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Figure 1: EC-RACH mapping for coverage class 1 (top) to 6 (bottom)
As described in sub-clause 6.2.4.6.3 of [2], “Each coverage class will be allocated a TSC to distinguish between different coverage class users trying to access the EC-RACH on TS1”. “This results in a maximum TSC usage of 4 for TS0 and 13 for TS1”.
Some complexity analysis of such a design was provided in [4] where an average number of decoding attempts per TDMA frame was derived based on the occurrence of random access messages for different coverage classes, i.e. (102+50+24+12+6+3)/102=1.93.

However, the above result does not reflect the actual requirement on base station complexity. On the RACH block border of coverage class 6 the base station needs to detect a total of 2 burst formats and 13 TSCs, as compared to 1 burst format and 3 TSCs in EGPRS. This is over 300% increase in computational complexity which is well above the margin reserved for many legacy base stations in the field. Furthermore, contrary to the assumption in [4], it does not make sense to “offload” the processing over all TDMA frames because, apart from the additional complexity introduced by the “offloading” algorithm itself as discussed in section 2.2, there will be an obvious impact on random access delay.
3 Conclusions

In this document some analysis on the implementation impacts of EC-GSM to legacy GSM/EDGE base stations is provided. It is observed that some of the EC-GSM features will result in hardware impacts to many legacy base stations in the field.
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