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DTM Capabilities with Dual Carrier Technology 
1. Introduction

This document explores the benefits of applying Dual Carrier (DC) technology to the downlink and to the downlink plus uplink in the case of DTM.  
The maximum transmit and receive capacity is evaluated along with increases in resource management flexibility.  
2. DC Assumptions

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

· The MS cannot transmit and receive in the same slot on any carrier.  
· The MS can receive on both carriers at the same time.  

· The MS can transmit on both carriers at the same time.  

· The MS cannot transmit on any carrier on the slot immediately following a slot that it is receiving on.  

· The MS may 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.  
3. DC in the Downlink Only

In this scenario the MS may receive on two carriers at the same time (subject to the limitations of section 2) but only transmit on one carrier.  We assume that there is one radio that can be configured to receive or transmit and a separate receiver in the MS.  
3.1. DTM Multislot Capacity
Figure 1 shows the maximum downlink capability of DTM DC mobile taking into account the limitations described in section 2 and with the following assumptions:

· There is a minimum 1 UL TS for packet traffic.  

· CS traffic takes up one DL+UL TS pair.  

· Frequency hopping is used so TSs 7 and 0 cannot both be used on the same carrier.  
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Figure 1
DL DTM DC Mobile Multislot Capability (DC in DL only)
In this case we have the capability to receive on 10 TSs and transmit on 2 TSs (sum = 12).  

In terms of uplink capability (assuming one downlink for conveying USF) the maximum uplink capacity is shown in Figure 2 based on the limitations described in section 2 and with the following assumptions:
· CS traffic is one DL+UL TS pair.  

· Frequency hopping is used so TSs 7 and 0 cannot both be used on the same carrier.  

· The USF must be provided on the DL of the paired carrier to the UL.  

· Restrictions of EDA scheduling apply.  
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Figure 2
UL DTM DC Mobile Multislot Capability (DC in DL only)
In this case, by allowing the second receiver to carry out neighbour cell measurements, we have the capability to receive on 4 TSs and transmit on 5 TSs (sum = 9).  It should be noted that the TX capacity (of 5 TSs) is no greater than that provided by the highest multi-slot classes defined in Release-6, but the receive capacity and sum are slightly increased.  
If a USF on the non-paired carrier is allowed to schedule the UL on the paired carrier then TX=6 is possible.  However, whether or not this would be possible taking into account legacy mobiles requires further study.  
3.2. Reduced Resource Management Complexity for BSS
For a given number of DL TSs (e.g. 6) the task of allocating capacity becomes easier for the BSS and thus the need for resource reallocation reduces as the BSS now has more possibilities.  For instance the BSS can allocate 3 TSs on one carrier and 3 on another or 4 on one and 2 on another.  

There is a double benefit as the unit of resource to be fitted into a carrier is reduced (e.g. 3 or 4 TSs instead of 6) and the possibilities to fit this in are increased (if 3+3 doesn’t fit, 4+2 can be tried).  

4. DC in both Downlink and Uplink
In this scenario the MS may receive on two carriers and transmit on two carriers at the same time (subject to the limitations of section 2).  We assume that there are two radios, each of which can be configured to receive or transmit at any one time.  

4.1. DTM Multislot Capacity

Figure 3 shows the maximum possible downlink capacity when DC in both UL and DL are taken into account given the limitations described in section 2 and with the following assumptions:

· There is a minimum 1 UL TS for packet traffic which is only on one carrier.  

· CS traffic takes up one DL+UL TS pair.  

· Frequency hopping is used so TSs 7 and 0 cannot both be used on the same carrier.  
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Figure 3
DL DTM DC Mobile Multislot Capability (DC in UL and DL)

In this case a maximum of 12 DL TSs with 2 UL TSs (sum = 14) is possible.  

In terms of uplink capability (assuming one downlink for conveying USF) the maximum uplink capacity is shown in Figure 4 based on the limitations described in section 2 and with the following assumptions:

· CS traffic is one DL+UL TS pair.  

· Frequency hopping is used so TSs 7 and 0 cannot both be used on the same carrier.  

· The USF must be provided on the DL of the paired carrier to the UL.  

· Restrictions of EDA scheduling apply.  
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Figure 4
UL DTM DC Mobile Multislot Capability (DC in UL and DL)

In this case, by allowing carrying out neighbour cell measurements in the TS used to switch from receive to transmit, we have the capability to receive on 4 TSs and transmit on 10 TSs (sum = 14).  

If a USF on the non-paired carrier is allowed to schedule the UL on both carriers then TX=12 is possible.  

4.2. CS Connection Set-up

Here we consider the impact of DC on the CS connection set-up from packet transfer mode.  With DC in both UL and DL some possibilities are available for minimising the impact of CS call establishment on the existing packet resources.  
In 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 have to be moved to be next to an SDCCH in a first step and then moved again when a TCH is required for speech.  This involves two resource re-allocations which are inefficient in terms of radio resources and increase processing and signalling load for the BSS.  

Figure 5 shows how an SDCCH can be allocated on the second carrier pair (on any free frequencies) 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).  
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Figure 5
Allocation of SDCCH on Second Carrier Pair

When the SDCCH is no longer required and a TCH is to be allocated, the same principle can be used by changing the frequency pair used from (f2, f4) to (f5, f6) whilst respecting the general constraints on the combination of TSs allocated.  This is illustrated in Figure 6 below where a TCH is allocated on TS1 of the second carrier pair (f5, f6).  
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Figure 6
Allocation of TCH on Second Carrier Pair

If the mobile is using packet resources on the second carrier pair whilst in Packet Transfer mode, three possibilities exist:

· Drop packet resources on the second carrier pair whilst the CS connection establishment is occurring thus allowing some PS capability in parallel.  

· Re-allocate packet resources onto the first carrier pair (if this is possible based on number of TSs) whilst CS connection establishment occurs.  

· Re-allocate the extra packet resources onto the carrier pair for the SDCCH and then for the carrier pair used for the TCH.  
4.3. Reduced Resource Management Complexity for BSS

Similar arguments apply as stated in section 3.2 except that greater flexibility in allocating slots in the UL is provided in addition to the DL.  

5. Conclusion

This paper has shown that significant improvements to DTM functionality are possible with the introduction of DC technology in the DL.  These improvements are further increased and some new benefits can be obtained by introducing DC for the uplink.  
In terms of DC in the downlink and SC in the uplink, the following maximum capacities can be reached:

· Up to 10 TSs can be used to receive with 2 TSs for transmission (sum = 12).  

· Up to 5 TSs can be used to transmit with 4 TSs for reception (sum = 9).  

With DC in both uplink and downlink, the following maximum capacities can be reached:

· Up to 12 TSs can be used to receive with 2 TSs for transmission (sum = 14).  

· Up to 10 TSs can be used to transmit with 4 TSs for reception (sum = 14).  

In addition, increased flexibility in terms of resource management is introduced for the BSS as it is able to allocate many different combinations of TSs to the two different carriers and to choose any pair of carriers that best fits the required allocation.  
When DC is used in both UL and DL an extra benefit is provided for CS connection establishment in packet transfer mode.  In many cases unnecessary resource re-allocations can be avoided when using an SDCCH for CS call set-up.  
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