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Discussion
For Dual Transfer Mode, the existing mechanisms for USF allocation are re-used. As a matter of fact, Extended Dynamic Allocation allows for non-DTM capable mobiles the flexibility to vary the allocation of uplink slots smoothly from zero to the maximum number of uplink slots. However, for DTM, the flexibility is reduced as some configurations are impossible:

· As the UE has to always listen and transmit on the same CS timeslot, and because of the Ttb constraint: 
· The UE cannot listen to more than one PS timeslot after it in the downlink (because of the Ttb). However current EDA mechanism requests the UE to be able to monitor USF on all timeslots assigned for uplink packet data when no uplink block was allocated to the UE. So in DTM, the maximum number of uplink packet data slots after the CS timeslot is one.

· The UE can transmit only one PS timeslot before the  CS timeslot.
As a result the maximum number of uplink PS timeslots in DTM is 2, and moreover there is only one possible configuration with maximum uplink allocation, shown in Figure 1 (this correspond to DTM Multislot CLASS 11)
· Currently a GPRS/EGPRS Multislot Class 12 UE which has a radio capability of 4 uplink timeslots is hence limited to use only 3 uplink timeslots in DTM (1 CS + 2 PS).

· With higher multislot classes (more than 31), DTM is impossible to implement with the current specifications. 

The Figure 1 below shows two configurations. 

The first one, in CLASS 11 DTM, is the only one possible with 2 uplink PS slots allocated. (See [5], CR GP-040701 for more information on why this is the only possible configuration).

The second one shows the configuration in CLASS 34 when shifted USF operation is used.
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Figure 1 Loss of flexibility with extended dynamic allocation and DTM
Summary

One reason why Extended Dynamic Allocation is limited when applied to DTM is that the USF cannot be transmitted on the same downlink timeslot as the CS channel, so two downlink slots are required. 

Moreover, in DTM, it would be highly desirable to optimize the way the UE listens to the USF allocation, as we know it is listening to the circuit switched timeslot, which is specifically allocated for this UE.

The point is, the network could transmit the USF information on the CS timeslot. This could be achieved via the use of different training sequences. With the 8 defined training sequences in [2], we could have as much as 7 possibilities to code the USF allocation. Decoding so many training sequences could reveal very hard to implement on DSP side, so an alternative to this would be to code the USF information with 2 possible training sequences (normal training sequence and alternative training sequence) for each burst, giving up to 4 bits of information. In half rate speech DTM operation, we would have to increase to 4 training sequences in order to reach the 4 bits.

The coding would be very simple. In order to make sure the mobile does not transmit on slots, which were not intended to it, only training sequence identified as alternative (taking into account some error margin to reduce false detection to an acceptable level) would set the corresponding bit in the detected USF value, and this USF value “N” would represent the total sum of allocated transmit slots in the next block period. The mobile would then have to transmit on the N first assigned uplink timeslots. The impact on TCH performance of the DSP not having the knowledge of the training sequence before burst egalization would need to be estimated – however it is expected to be limited to increased CPU consumption.
Now, this solution could also be used in the case where only pure uplink timeslots are allocated with a CS timeslot. It allows CLASS 12 DTM, 1 circuit slot and 3 packet data slots in uplink.

The UE has to get once in a while signalling data over a downlink timeslot. This is achieved easily in saying that when the sum of USF assigned is not equal to the maximum of the capability of the MS in uplink, then the MS shall listen to the first downlink slot which is freed. So when the network decides it has to send signalling data in the downlink, it just has to decrease the number of allocated USF in the uplink.

In DTX, the network would have to transmit fill frames with the USF information in downlink but in uplink there should be no impact on the mobile side. Note that with this solution, the network can no longer perform DTX in downlink on blocks on which it needs to allocate USFs to the MS. However this is not really a drawback if we compare this to usual TBF operation, in which the network is always required to transmit on at least 1 TS in downlink. In addition, this may help reducing interferences with others UE as we use less timeslots in order to code the USF information as with EDA.

Also, when half rate speech is used, the USF allocated on two circuit switched frames applies for the next block in uplink. It is the same mechanism but the MS has to decode the training sequence on two bursts instead of four.

In the current specifications, it is not allowed to stop listening to one PS timeslot in downlink. So for configurations such as 1 CS timeslot plus 3 PS timeslots in uplink, it is not supported by the specification. This explains the Table 1 below:

Table 1: Gain in CLASS 12 / 34 / 39 / 45 with full uplink allocation

	
	DTM CLASS 12

(1CS Full + 3UL PS)
	DTM CLASS 34/39

(1CS Full + 4UL PS)
	DTM CLASS 45

(1CS Full + 5UL PS)

	Current implementation
	Impossible
	Impossible
	Impossible

	With proposed solution
	Possible
	Possible
	Possible


When we decrease the number of uplink slots, in DTM class 11, Network has only one possible configuration. More important, we cannot have more than two uplink packet slots as it was explained in paragraph 2. This leads to the Table 2 below:

Table 2: Gain in CLASS 12 / 34 / 39 / 45 with partial uplink allocations

	
	DTM CLASS 11 

(1CS Full + 2UL PS)
	DTM CLASS 12

(1CS Full + 3UL PS)
	DTM CLASS 34/39

(1CS Full + 4UL PS)
	DTM CLASS 45

(1CS Full + 5UL PS)

	Current implementation
	Only one configuration possible
	Impossible
	Impossible
	Impossible 

	With proposed solution
	0, 1 or 2 PS timeslots can be allocated
	0, 1, 2 or 3 PS timeslots can be allocated
	0, 1, 2, 3 or 4 PS timeslots can be allocated
	0, 1, 2, 3, 4 or 5 PS timeslots can be allocated


This solution solves the issues: 

· Flexibility is optimal as the Network can allocate as many blocks as it wants in uplink

· Maximum uplink capacity is reached as the Network can allocate pure uplink timeslots with one circuit timeslot. 

Some examples of different slot configurations are shown in the next paragraph. 

Comments and feedback are welcome.
Examples

In the following example, a class 12 MS is in DTM operation with an uplink TBF established on 3 timeslots (TS 4-5-6) and CS on-going on TS 3. As explained above, this kind of configuration can work if the UE listens to the first free downlink timeslot for signalling data when the USF sum is not equal to the maximum available.
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 In the following example, a class 34 MS is in DTM operation with an uplink TBF established on 3 timeslots (TS 4-5-6), a downlink TBF on-going on timeslot 4 and CS on-going on TS 3. 
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Backward Compatibility

Multiplexing UEs not supporting this feature and UEs supporting it will be possible. For MS not supporting the feature they will stick to the existing implementation and listen to the USF on PS timeslots. The network will have to choose either to send the USF information over PS timeslots or to send it over the CS timeslot depending of the capabilities of the MS. These capabilities will have to be added in signalling messages exchanged during attach procedure for example.
Moreover, in the DTM assignments messages, information concerning the training sequences used to convey USF information shall also be needed.
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