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Improvements for DTM and MBMS using Dual Carrier on the Uplink
1. Introduction

Dual carrier on the downlink is currently being considered for GERAN evolution. This document highlights the additional gains for MBMS and DTM in terms of added flexibility for resource allocation and additional downlink throughput that can be obtained if mobile stations support dual carrier on the uplink.
2. Assumptions

The following assumptions are made about the dual carrier technology applicable to the MS:

· The MS cannot transmit and receive in the same slot.  

· The MS can receive on both carriers on a given timeslot.  (Dual Carrier in the downlink). 
· The MS cannot transmit on any carrier on the slot immediately following a slot it is receiving on (due to the timing advance).  

· The MS can receive on both receivers in a slot immediately after transmitting.  

· Only one Tx->Rx and one Rx->Tx transition is allowed in a TDMA frame per radio transceiver.
· Frequency Hopping is used.
· CS traffic takes up one DL+UL TS pair.  

3. Gains for DTM Multislot Capacity

With dual carrier only in the downlink, it is shown in [1] that the maximum capacity for a downlink biased DTM call is 10 TSs for reception and up to 2 TSs for transmission (with sum = 12). For an uplink biased allocation the corresponding figures are shown to be up to 4 TSs for reception and 5 TSs for transmission ( with Sum = 9). 
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Figure 1
DL DTM DC Mobile Multislot Capability (DC in UL and DL)

With dual carrier transmission on the uplink it is possible to receive on 12 downlink TSs and transmit on 2 uplink TSs as shown in Figure 1 (Sum = 14) as the uplink PS TS can be provided in parallel with the uplink CS timeslot. 

Similarly, for uplink biased asymmetric allocation, it is shown in [1] that it is possible to receive on as many as 4 TSs and transmit on up to 10 TSs (Sum = 14).

In addition to gains for downlink throughput, there is also added flexibility in resource allocation for the BSS. For a given number of DL or UL TSs, the BSS can choose to allocate the required resources in a flexible way, as it now has the option to allocate resources on two downlink and two uplink carriers. There is an additional benefit that the unit of allocation now could be smaller on each carrier. For instance, if 6 uplink time slots are needed for a service, then it can be distributed among the two uplink carriers in many ways (3+3 or 4+2 etc). As described in Section 4, this avoids the need for any resource re-allocation during call setup thus reducing the signalling load on the BSS. 
4. CS Connection setup while in packet transfer mode

According to the existing Rel-6 DTM behaviour, if the network wishes to establish an SDCCH for CS connection set-up before allocating a TCH, the likelihood is that the existing packet resources will first have to be moved to be next to an SDCCH, and then moved again when a TCH is required for speech.  This involves two resource re-allocations which is inefficient in terms of radio resource management and increases processing and signalling load for the BSS.  

Figure 2 shows how an SDCCH can be allocated on the second carrier pair (on any free frequency) without disturbing existing packet resources on the first carrier pair.  The example shows 2 DL TSs and one UL TS allocated to packet resources on the first carrier pair (f1, f3). The second carrier pair can be changed by the network to select an appropriate TCH without disturbing the existing PS resources.  
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Figure 2
Allocation of SDCCH on Second Carrier Pair

5. Gains for MBMS + CS
Increased capabilities of Mobile stations like dual carrier in DL/UL etc may in the future allow users to receive MBMS and CS calls simultaneously. Currently, it is not possible to support a CS call for any mobile which is already receiving the MBMS session with feedback if the mobile is not capable of transmitting or receiving on dual carrier. 
If the mobile is capable of receiving on two carriers, then it is possible to allow 1 mobile in the cell to have a CS call in parallel with the MBMS session as shown in Figure 3. This requires that PBCCH is deployed and has the same hopping sequence as the MBMS carrier. It can be seen that in Figure 3, the frequency pairing for uplink and downlink has to be violated either for the MBMS session or for the CS call. 
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Figure 3
MBMS session with parallel CS calls – Dual Carrier DL only

With dual carrier on the uplink however, it is possible to support up to 2 mobiles per non-MBMS carrier in the cell to receive the MBMS session with feedback and have a parallel CS call. Moreover, there is no problem with correspondence of the uplink and downlink CS time slots with this arrangement as shown in Figure 4 
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Figure 4
MBMS session with parallel CS calls Dual Carrier UL and DL
6. Conclusion

It has been shown in this paper that the uplink dual carrier approach, in addition to increasing the peak data-rates on the uplink, further increases the achievable downlink data rates. Additional flexibility in resource allocation is possible which simplifies the BSS algorithms and reduces signalling load and need for resource re-allocation. 
When a new CS connection has to be setup, the impact on any existing PS resources is minimised by having additional flexibility of transmitting on dual carrier on the uplink. 
The number of mobiles with parallel MBMS and CS calls that could be supported in a given cell can be increased by having dual carrier option on the uplink. The allocation of the CS time slots to the mobiles then is not only simplified but the violation of the correspondence between the uplink and downlink resources for the CS time slots is also avoided. 
Thus, it is believed that uplink dual carrier approach brings many gains in addition to the increased peak data rates on the uplink and hence it shall be treated as a potential candidate for peak data rate improvement on the uplink for GERAN evolution. 
It is recommended that these findings are captured in the GERAN evolution Feasibility study. 
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