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On the Support for Overlaid CDMA in EC-GSM
1 Introduction
At GERAN#67 a new work item called Extended Coverage GSM (i.e. EC-GSM) for support of Cellular Internet of Things was approved, see [1]. The feasibility of EC-GSM was investigated in the “CIoT” study item [2] and the results are captured in 3GPP TR 45.820 [3].
Overlaid CDMA is a technique used by EC-GSM to enhance uplink capacity. It allows multiplexing of multiple users simultaneously on the same physical channel, each users being allocated a sequence code which is orthogonal to the sequence codes used by other multiplexed users. It was proposed in [1] to include Overlaid CDMA as part of the EC-GSM normative work.
This document provides some analysis on the impact of Overlaid CDMA to the base station, and proposes a way forward on how to proceed with the normative work of Overlaid CDMA.
2 Base station complexity
Some rough analysis for Overlaid CDMA can be found in section 2.2 of [4] which was submitted to GERAN#67. More base station implementation aspects are discussed below.

In order to support overlaid CDMA, a successive interference cancellation (SIC) receiver is required at the base station. Such a receiver may already exist if VAMOS is supported. However, the SIC receiver for VAMOS cannot be directly reused for Overlaid CDMA, and the resulting processing power requirement is also much higher than the one for VAMOS.
Figure 1 shows a block diagram of SIC receiver processing for VAMOS at the base station. The following modules (i.e. most of the modules) are expected to be very different between VAMOS and Overlaid CDMA,
· Time synchronization. The required number of synchronizations will increase as the number of users multiplexed on the same physical channel increases, and the synchronization accuracy will decrease as the inter-user interference increases. More complexity is expected to be introduced in order to keep the same time synchronization performance as VAMOS.
· User separation. An implementation specific metric is used to separate the signal of the strongest user from those of other users. The metric and criteria may need to be carefully tuned for the case of greater than two users.
· Interference cancellation. This part is expected to be severely impacted. The interference cancellation module for VAMOS was specifically designed and optimized for the two-user case. As the interference scenario (e.g. number of interferers, variation of interference levels) changes, a large part of the interference cancellation module may need to be re-written, e.g. to improve the performance of the weakest user.
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Figure 1: SIC receiver processing for VAMOS
And as pointed out in [4], “load sharing” as proposed in [5] is not possible without major changes to the receiver.
As observed already in [4], 

“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.”
3 Proposed way forward
In general the EC-GSM concept reuses as much as possible the existing GSM design, making it possible to support it in some of the legacy base stations in the field (depending on the available processing power and memory). However, support for Overlaid CDMA almost doubles the complexity of a VAMOS capable receiver, remarkably increasing the effort to support EC-GSM, significantly reducing the number of potential legacy base stations that can support EC-GSM.
It may be argued that EC-GSM can be specified mandatory for the MS and optional for the base station, and the impact to the base station is thus minimal. However, it is unclear why the MS should support a feature which is not expected to be widely supported and deployed by the network.
Furthermore, although Overlaid CDMA was captured in the TR [3], evaluations were provided only at link level. The impacts of Overlaid CDMA to capacity, energy consumption and latency are totally unclear. And the question of coexistence with legacy systems due to the increase of PSD in the uplink has also not been answered. It remains to be seen whether Overlaid CDMA does more good than damage to EC-GSM in some of the key performance metrics.
Hence it is proposed to specify Overlaid CDMA as a feature independent of EC-GSM in order to maximize the deployment of EC-GSM in legacy base stations.
Proposal: Overlaid CDMA is specified as a GERAN evolution feature independent of EC-GSM.

4 Conclusions

This document discusses the complexity introduced by Overlaid CDMA and the changes needed in the base station receiver for Overlaid CDMA. It is observed that a significant increase in the requirement for processing power is inevitable due to the introduction of Overlaid CDMA, and this will certainly reduce the number of potential legacy base stations that can support EC-GSM. The sourcing companies encourage GERAN to discuss and agree the following proposal:
Proposal: Overlaid CDMA is specified as a GERAN evolution feature independent of EC-GSM.
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