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Type 2 Mobile Station and Dual-Transfer Mode
1 Introduction
In the course of the discussion on uplink enhancements for GERAN Evolution, the feasibility of a full-duplex architecture (standardized as MS Type 2 [1]) was considered to be a worthwhile topic for further study. 
RF link budget aspects are covered in [2]. This contribution addresses a further aspect, the impact of a full-duplex architecture on the support of dual-transfer mode. 
2 Impacts of a Type 2 MS Architecture to DTM
A full-duplex architecture requires additional elements in receive and transmit paths (Figure 1). These elements are not lossless and may cause service degradation. In the downlink, additional attenuation of the received signal reduces sensitivity performance. In the uplink, additional attenuation may reduce the available maximum output power at the antenna and thus affect coverage.
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Figure 1 – Hybrid Type1/Type 2 Quad Band GSM Mobile Station

For the following analysis it is assumed that CS service quality degradation shall be kept to a minimum even if PS service has to be degraded temporarily as a consequence.

2.1 Constraints due to changes in the RX path
For single time slot CS operation, the duplex filters (the major source of additional insertion loss of a full-duplex architecture) may be bypassed, thus reducing the effects to receiver sensitivity. During DTM operation, however, this switching between full-duplex and half-duplex mode imposes serious constraints on time slot allocation (Figure 2).
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Figure 2 – Constraints for time slot usage due to transition period between full-duplex and half duplex mode.

If switching between full-duplex and half-duplex mode takes longer than the guard period, the time slots adjacent to the downlink CS time slot can not be used (Figure 2 (c) and (d)). Whether switching during the guard period is possible is for further study. If it is possible it requires barring uplink transmission during downlink CS reception (Figure 2 (a)). Taking into account timing advance it is likely necessary to bar more than one time slot for uplink transmission simultaneously to one downlink time slot used for CS reception (Figure 2 (b)). As a consequence, scheduling complexity would be significantly increased and data rate gains reduced.
Without switching between full-duplex and half-duplex mode during a TDMA frame, sensitivity and output power performance for all time slots is impacted.  Combining this architecture with MSRD may compensate for the loss of sensitivity in the downlink, however the uplink losses and impact on power consumption required to overcome that is a problem that persists.  
2.2 Constraints due to changes in the TX path
In the uplink, additional attenuation in the signal path results either in reduced maximum output power at the antenna or the output power of the PA has to be increased accordingly. Note that the ability to increase the PA power to overcome the additional loss has limits.  Higher PA output power increases the spurious products present, which can affect the output spectral mask.  Also, the duplex filter has a limitation on the amount of power it can handle.  Switching between full-duplex and half-duplex mode to minimize additional loss for the duration of the CS time slot has similar impacts to scheduling as in the downlink. Accumulating these constraints would further increase scheduling complexity and decrease data rate gains.

The maximum output power of a type 2 MS operating in a multislot configuration is not only impacted by additional elements in the transmit path but first by the value for the XXXX_MULTISLOT_POWER_PROFILE [5]. In order to manage mobile terminal heat dissipation resulting from transmission on multiple uplink timeslots, the mobile station may reduce its maximum output power by a specified value. This power reduction is applicable for all time slots of a multislot configuration. Thus, the maximum output power for both the PS and CS time slots is affected in the same way and compensating for the additional attenuation by increasing the output power for the CS time slot only is not allowed by the specifications, even if the MS could support it. Without changes to the specification, reduced voice coverage due to reduced maximum output power seems to be inevitable. 
If changes to the specifications are acceptable to keep the maximum output power for the CS time slot the same in both full-duplex and half-duplex modes at least two options are possible. 
· Keep the maximum output power for the PS time slots according to the XXXX_MULTISLOT_POWER_PROFILE but allow a higher maximum output power for the CS time slot. This option requires a higher total maximum output power of the MS but would not impact PS service.
· Increase the maximum output power for the CS time slot but keep the maximum output power averaged over all time slots constant according to the value for XXXX_MULTISLOT_POWER_PROFILE by reducing the maximum output power for the PS time slots accordingly. The advantage of this option would be that the maximum total output power during a TDMA frame remains unchanged in full-duplex mode compared with half-duplex mode. The disadvantage would be a degradation of the PS service and maybe increased effort for link adaptation in the BTS. 
For both options it would be beneficial to specify a fixed value for the difference in output power for the CS and PS time slots. Performance of link adaptation algorithms in the BTS could be affected if the range of possible maximum output power variations is not restricted and specified. 
Summary
DTM is specifically mentioned as a feature to be supported by GERAN evolution techniques. In this contribution, some impacts of a full-duplex architecture on DTM are analyzed. Without countermeasures, the attenuation caused by additional elements in the transmit and receive path decrease sensitivity performance in the downlink and maximum output power in the uplink. Proposals for reducing the impact to CS voice service quality in both uplink and downlink are outlined.
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