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1 Introduction

Interest has been shown in increasing GERAN voice capacity and a possible method for achieving this has been proposed in [1]. The objective is to double the peak speech capacity.
This discussion paper introduces a concept of co-channel assignment where the same physical resources are assigned to two different mobiles but each mobile assigned a different training sequence code. This concept uses GMSK and the DARP capability of the handset to avoid the need for network to support new modulation scheme. Network may use existing techniques on the uplink to separate each user, e.g., joint detection.
2 Concept
DARP was specified to provide improved reception on the mobile station side when there is ACI or CCI. However, with good downlink signal quality there is little benefit from DARP. The idea of this concept uses this fact to enhance speech capacity. 
DARP can work quite successfully with CCI of 0dB. Therefore the network can assign the same physical resources to two mobile stations but allocating them different training sequence codes as depicted in Figure 1. Each mobile will receive its own signal (shown in black in the figure) and that intended for the other co-TCH user (shown in red in the figure). 
On the downlink, each mobile station will consider the signal intended for the other mobile station as a CCI. The receiving mobile station does not need to support any other enhancements than DARP. For optimum DARP performance, the two signals intended for the two different mobile stations should ideally be phase shifted by π/2 for their channel impulse response but less than this will also provide adequate performance. The minimum phase shift required for adequate performance is FFS.

On the uplink each mobile station would use a different training sequence code. The network may use techniques such as joint detection to separate the two users on the uplink.
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Figure 1 Channel assignment for co-TCH operation
3 Implementation

No changes are required on the mobile station side unless additional training sequence codes are to be defined. The additional training sequence codes are not required for co-TCH concept to work. 

If additional TSCs are defined then impact on the MS side is:

· Define new set of orthogonal training sequence codes. Existing TSCs can be used for legacy mobile stations while new set can be used for new mobile stations.

· In addition to the indication of DARP support the MS indicating its’ support of new training sequence codes.

One the network side:

· Network needs to assign two different TSCs to the co-TCH users. If new TSCs are defined then network may assign these to mobiles supporting new TSC set and assign legacy TSCs to legacy mobile stations

· Aim to provide π/2 phase shift channelisation between users of same channels

· Dynamically move users from shared resources to not shared resources if radio conditions become poor. This is so that DARP can be used for noise cancellation rather than user selection.

· Dynamically select the most appropriate user to pair on the same resources.

· Utilise a common downlink power control algorithm to ensure similar power level towards the two mobile stations and at the same time ensure sufficient signal level for the mobile station suffering the highest path loss.

4 Performance

The performance of co-TCH FS calls with ACI and CCI are shown in Figure 2. The setup of the co-TCH calls are:
MS1 assigned TSC0, MS2 assigned TSC5

Downlink power level: -82 dBm.

ARFCN: 160 (GSM850)
Full rate speech 
The CCI curve in Figure 2 shows the FER performance of co-TCH users, MS1 and MS2, with a single CCI from another source (say ncell). In this case each user in fact has dominate 0dB CCI (which is the other co-TCH user) and one secondary CCI. The interferer in the plot refers to the secondary CCI. 
The ACI curve in Figure 2 shows the FER performance of co-TCH users, MS1 and MS2, with a single ACI. In this case each user in fact has an ACI and a 0dB CCI (which is the other co-TCH user). The interferer in the plot refers to the ACI. 
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Figure 2 Co-TCH DARP performance with CCI or ACI under TU-50

It can be seen from Figure 2 that with Fullrate Speech, co-TCH application require good signal condition. Network should change the UE from DARP co-TCH mode to DARP interference mode when CCI is less than 15 dB, or ACI less than 2 dB. However with AMR, such as AFS 4.75, co-TCH call could have 1% FER with CCI of 10 dB or ACI of -3 dB.
We note again that this proposal relies on the DARP feature already specified as part of Rel-6.
5 Conclusions

The concept of using DARP to enable co-TCH calls as described in this paper allows to theoretically double peak speech capacity while imposing minimal changes to specification and implementation. Since the concept relies on existing DARP capable mobile stations, it is regarded as relatively quick to deploy.
For these reasons, it is proposed that this concept is considered as a candidate for speech capacity enhancements. 
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