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Flexible timeslot assignment

1. Introduction

In [1], some changes to the way that Extended Dynamic Allocation works have been proposed. In particular, it has been proposed to increase the flexibility of the allowed multislot configurations by removing in TS 45.002 the current restriction that the parameter “Sum” of the MS multislot class applies to the mobile station’s timeslot assignment. Instead, the parameter “Sum” would refer to the allocation. In other words, during the assignment phase more than “Sum” UL+DL timeslots could be assigned to the mobile station (but still respecting the constraints on Rx and Tx for the MS multislot class), with the additional constraint that “Sum” would need to be respected only on a dynamic basis (i.e. within every TDMA frame).

A similar proposal has also been made in [2].

In this contribution the proposal is further discussed and technical solutions to include it as part of the GERAN specifications are presented.

2. Maximum assignments

2.1. 4+4 (multislot class 12)

Let’s consider the case of a class 12 mobile, and let’s assume that the network wishes to provide a 4+4 assignment (with the constraint that no more than 5 timeslots in total will be allocated
 in any radio block period). How should the network choose the 4 downlink and the 4 uplink timeslots? There are three possible options.

2.1.1. Option 1

The first option could be the following:


DL: 1, 2, 3, 4


UL: 0, 1, 2, 3

or any of the possible shifts of this pattern along the TDMA frame (with the requirement that all the uplink and all the downlink timeslots need to be within the same TDMA frame). In this case the allocations for 4+1, 3+2 and 2+3 are straightforward:
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Figure 1 – Possible allocations for a class 12 mobile with a 4+4 assignment (Tra used)

[image: image2.emf]= RX = TX = Neighbour cell monitoring


The 1+4 allocation, on the other hand, requires some consideration. For normal class 12 operation, according to the existing specifications the 1+4 assignment would be the following:
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Figure 2
However, using this configuration for the 1+4 allocation is not compatible with the previous assignment (UL timeslot 4 has not been assigned). This can be solved by specifying that the 1+4 allocation should be the one in Figure 3 rather than the one shown in Figure 2: 
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Figure 3
This scenario requires the use of shifted USF operation (whereby the USF for UL timeslot 0 is sent on DL timeslot 1), which would need to be extended also to the case of class 12. It can be seen that in this case Tra would apply, rather than Tta as shown in Figure 2. This also has the advantage that normal BSIC decoding would be possible in the case of the 1+4 allocation (whereas it is not possible for the configuration shown in Figure 2).

The disadvantage is that shifted USF operation would become mandatory for class 12 mobiles supporting “Flexible timeslot assignment”, as it would be needed whenever 4 uplink timeslots are assigned.

2.1.2. Option 2

The second option would be to use the following 4+4 assignment:


DL: 1, 2, 3, 4


UL: 1, 2, 3, 4

In this case the different allocations with Sum=5 are shown in Figure 4.
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Figure 4 – Possible allocations for a class 12 mobile with a 4+4 assignment (Tta used)

The disadvantage is that these multislot configurations are different from the existing ones for the corresponding allocations (Tta would need to be applied). Also, normal BSIC decoding would not be possible. Another disadvantage is that, for assignments with u=4, gradual uplink resource reduction would not be possible: if the network wishes to reduce the number of uplink timeslots allocated to the MS, it will need to leave all the assigned uplink timeslots unallocated for one block period, like originally
 assumed for EDA in all cases (see subclause 6.6.4.7.2.1 of TS 43.064 or subclause 8.1.1.2.1 of TS 44.060). This will not happen for the configurations shown in section 2.1.1.

2.1.3. Option 3

In order to avoid making shifted USF operation mandatory for class 12, an intermediate possibility would be to make its support optional in the MS. Given that the configuration to be assigned when u=4 (and consequently whether Tra or Tta should be used) would depend on whether the MS supports shifted USF operation or not, the network would need to be informed of the MS capability. Siemens believe that this should be avoided in order to limit the number of options and to avoid introducing an additional bit in the CM3 and/or the MS RAC.

2.1.4. Conclusion

It is proposed to use Option 2 as the assignment when u=4; this is the assumption made when drafting the CRs to the GERAN specifications (see section 5). Hence, it will be assumed that, for a class 12 mobile supporting “Flexible timeslot assignment”, Tta will always be used whenever 4 uplink timeslots are assigned.

2.2. 5+5 (multislot classes 34 and 39)

For mobile stations of class 34, a 5+5 assignment would not require any modifications to the currently allowed configurations. The possible allocations with Sum=6 are shown in Figure 5, where the following assignment is considered:


DL: 1, 2, 3, 4, 5


UL: 0, 1, 2, 3, 4
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Figure 5 – Possible allocations for a class 34 mobile with a 5+5 assignment

2.3. 6+6 (multislot class 45)

A similar conclusion applies also for mobile stations of class 45 with a 6+6 assignment. The possible allocations with Sum=7 are shown in Figure 6, where the following assignment is considered:


DL: 1, 2, 3, 4, 5, 6


UL: 0, 1, 2, 3, 4, 5
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Figure 6 – Possible allocations for a class 45 mobile with a 6+6 assignment

3. Use of Dynamic Allocation

Dynamic Allocation assumes that, given a particular assignment, the mobile is able, within every radio block period, to monitor (for the USF and for PACCH messages
) all the downlink timeslots corresponding to the assigned uplink timeslots, while at the same time being able to transmit on all the assigned uplink timeslots
. This is possible only when the number of assigned uplink timeslots is up to 2. In case of concurrent uplink and downlink TBFs, if the assignment is such that the constraint given by the parameter ‘Sum’ is satisfied, it can be seen that the mobile is also able to receive on all the assigned downlink timeslots while at the same time being able to transmit on all the assigned uplink timeslots
.

Dynamic Allocation could be used also with Flexible timeslot assignment (when the number of assigned uplink timeslots is up to 2). For example, let’s consider the case of a mobile of multislot class 10-12 with a 4+2 assignment as shown in Figure 7.
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Figure 7
Even when the mobile transmits on both TS 2 and TS 3 in the uplink, it can still read the USF and PACCH on the corresponding downlink timeslots TS 2 and TS 3. So DA operation would be possible. However, depending on what timeslots the mobile is allocated in the uplink, it may not be able to receive on all the timeslots assigned in the downlink (in the case of Figure 7, if the mobile transmits on TS 2, it is not able to receive on TS 4). Hence some modifications would be required to the description of DA operation in TS 44.060.

However, there seems to be no real justification to modify the DA procedures. Therefore, it is proposed that “Flexible timeslot assignment” can be used with EDA only. This is the assumption made in the rest of this paper.

4. Allowed configurations

In section 2, only configurations with the maximum number of assigned uplink and downlink timeslots for the chosen multislot class group have been considered. In case the number of assigned uplink or downlink timeslots is lower, the choices for the timeslots to be assigned are considered in this section.

4.1. Classes 8-12

For these multislot classes, Figure 8 indicates the new configurations that need to be defined.
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Figure 8 – Possible combinations for multislot classes 8-12

where:
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Possible assignments where the number of downlink timeslots is equal to 4 (but u<4) are shown in Figure 9.
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Figure 9 – Possible assignments for a class 8,10-12 mobile with d=4

Obviously, shifted versions of the assignments above (with the requirement that all the timeslots need to be within the same TDMA frame) are also possible.

Similarly, the possible assignments when the number of assigned uplink timeslots is equal to 4 are shown in Figure 10 (these are valid only for a class 12 mobile).
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Figure 10 – Possible assignments for a class 12 mobile with u=4

For these assignments the MS will use Tta instead of Tra.

Finally, for the 3+3 assignment, the best
 option is the following:
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Figure 11 – 3+3 assignment for a class 11 or class 12 mobile

Looking at the possible assignments, it can be seen that the configurations for which u<4 can be obtained by the basic configuration for the maximum number of assigned timeslots:


DL: 1, 2, 3, 4


UL: 0, 1, 2, 3

with the following rule:

· if the number of downlink timeslots needs to be reduced, the leftmost ones will be kept

· if the number of uplink timeslots needs to be reduced, the rightmost ones will be kept

This is shown in Figure 12.
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Figure 12
On the other hand, configurations for which u=4 can be obtained by the basic configuration for the maximum number of assigned timeslots:


DL: 1, 2, 3, 4


UL: 1, 2, 3, 4

with the following rule:

· if the number of downlink timeslots needs to be reduced, the leftmost ones will be kept

This is shown in Figure 13.
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Figure 13
Shifted versions of the different patterns will also be valid.

4.2. Classes 30-39

For these multislot classes, the new configurations that need to be defined are shown in Figure 14.
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Figure 14 – Possible combinations for multislot classes 30-39
The new assignments can be obtained from the basic configuration for the maximum number of assigned timeslots:


DL: 1, 2, 3, 4, 5


UL: 0, 1, 2, 3, 4

with the following rule:

· if the number of downlink timeslots needs to be reduced, the leftmost ones will be kept

· if the number of uplink timeslots needs to be reduced, the rightmost ones will be kept

This is shown in Figure 15.
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Figure 15
It is worth noting that other configurations could also be possible; however the ones obtained with the rules above are those that result in allocations with the highest number of DL+UL timeslots within a TDMA frame while the constraints given by the switching times are satisfied.

Note that the offset to is required for multislot classes 35-39. For networks that do not implement the offset, either the network restricts the uplink assignment to 4 timeslots (and, in Figure 15, timeslot 4 would not be assigned), or otherwise it is specified that Tta shall be applied instead of Tra for timing advance values below 31 (similarly to Note 6 in Table 6.4.2.2.1 of TS 45.002).

Shifted USF operation is required for all the assignments for which u=5.

4.3. Classes 40-45

For these multislot classes, the new configurations that need to be defined are shown in Figure 16.
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Figure 16 – Possible combinations for multislot classes 40-45

If the BTS implements the offset to, the new assignments can be obtained from the basic configuration for the maximum number of assigned timeslots:


DL: 1, 2, 3, 4, 5, 6


UL: 0, 1, 2, 3, 4, 5

with the following rule:

· if the number of downlink timeslots needs to be reduced, the leftmost ones will be kept

· if the number of uplink timeslots needs to be reduced, the rightmost ones will be kept

This is shown in Figure 17.
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Figure 17
Again, other configurations are also possible (for example, for configurations for which d≤5 and u≤5, the assignments for classes 30-39 shown in section 4.2 could be used
); but the ones obtained with the rules above are those that result in allocations with the highest number of DL+UL timeslots within a TDMA frame while the constraints given by the switching times are satisfied.

All configurations for which u=6 require the offset to and shifted USF operation.

If the offset is not implemented, for all configurations for which u≤5 there are different possibilities. One of these is to use configurations derived from Figure 17 but where timeslot 5 is not assigned.

5. Changes to the specifications

Changes will be required to TS 45.002 to allow the new assignments; the CR is contained in [3]. In particular, Table 6.4.2.2.1 will need to be modified to include the multislot configurations for all assignments where d+u>Sum. The combinations to be included are those corresponding to the non-black squares
 in Figure 18.
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Figure 18
The following groups can be defined:

A = multislot classes 8-12, u<4 (Tra used)

B = multislot classes 8-12, u=4 (Tta used)

C = multislot classes 30-39, u<5

D = multislot classes 30-39, u=5 (shifted USF operation required)

E = multislot classes 40-45, u<6

F = multislot classes 40-45, u=6 (shifted USF operation required)

In [3], each new row in table 6.4.2.2.1 corresponds to one of these groups of combinations.

Concerning changes to TS 44.060, the current description of the Extended Dynamic Allocation operation in TS 44.060 seems to be valid also for the new configurations without any modifications needed. However, some minor modifications to TS 44.060 are required. The CR is provided in [4].

The new configurations will not apply to legacy mobiles. Hence the network needs to know whether the mobile supports the new configurations or not. For this reason, it is necessary for the mobile to signal this capability to the network. A draft CR to include a capability indicator in the MS RAC and the CM3 (for Rel-7) can be found in [5]. It should be discussed however whether Flexible Timeslot Assignment should be a mandatory capability for Rel-7 mobile stations (i.e. the indicator should always signal support of the feature for Rel-7 terminals, so it can be used to distinguish between new terminals and legacy terminals) or whether it should be optional (so the field is a true capability indicator even for Rel-7). It should also be discussed whether this feature should be standardised as an independent feature or whether it should be linked to other features currently under standardisation (e.g. RTTI etc.); at present, it is assumed that this should be an independent feature.

6. Applicability to DTM

Some of the new configurations could also apply to DTM; for example, some possible DTM assignments are shown in Figure 19.

[image: image21.emf]   =   CS timeslot

3+4 ASSIGNMENT (for multislot classes 33-34 and 38-39)

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1

7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1

4+3 ASSIGNMENT (for multislot classes 32-34 and 37-39)

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1

7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1


Figure 19 – Some possible DTM assignments requiring Flexible Timeslot Assignment

In the first case, possible maximum allocations (i.e. with total allocated timeslots equal to Sum=6), are 2+4 and 3+3; in the second case they are 3+3 and 4+2.

However, for DTM assignment the presence of the CS timeslot will limit the number of possible configurations. This will require further consideration.

It is likely that a CR to TS 43.055 may be required; this will be provided if the proposal is agreed.

In the draft CR to TS 24.008 [7], no separate indication of the support of Flexible Timeslot Assignment is provided for (E)GPRS and DTM. If it is considered to be desirable to have a separate indication, the draft CR should be revised accordingly.

7. Applicability to downlink dual carrier

Downlink dual carrier is being standardised as part of Rel-7 and currently the multislot class indication for downlink dual carrier is being discussed. There has been a general agreement to avoid definition of new multislot classes for downlink dual carrier. Hence the multislot capabilities of the downlink dual carrier MS will be derived from the indicated (single carrier) multislot capability. In addition an additional field to indicate reduction in the total number of receive slots depending on the baseband resources available to the MS is also being discussed [6]. This reduction is signalled by the MS using an new IE in the Classmark 3 and MS RAC [7].

The concept described thus far in this contribution can apply also to dual carrier. In this case, the new assignments introduced for the case of single carrier can be extended to dual carrier, provided that all the timeslots assigned on both carriers are located within a window of width d
 whose maximum size will be no greater than Rx’ (as defined in [8]). As an example, Figure 20 shows the maximum assignment for a dual carrier mobile station that signals support for multislot class 12.
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Figure 20 

The only change for downlink dual carrier is that the network has to take both the indicated multislot class of the MS and also the indicated baseband reduction into account. Note that, due to the reasons why its introduction has been proposed (i.e. reducing the amount of baseband processing required), the timeslot reduction will apply to the assignment.

8. Conclusions

In this contribution, the necessary changes to the GERAN specifications to make the assignment of multislot configurations more flexible (by removing the restriction that the parameter ‘Sum’ should apply to the number of assigned timeslots) have been discussed. It is requested that the proposal is discussed and, if found acceptable, the corresponding CRs in [3], [4] and [5] are considered for approval or endorsement.
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� Strictly speaking, the term ‘allocation’ is meaningful only for the uplink, in the sense that the network reserves a timeslot for use by a particular mobile and indicates this to the mobile by means of the USF. In the downlink this concept does not exist. However, it may be possible to use this term also in the downlink by assuming that the network ‘allocates’ a downlink timeslot to a mobile when it transmits an RLC/MAC block to the mobile on that timeslot.


� Some changes have been made at GERAN#26.


� See the clarifications contained in G2-060354 and G2-060355, agreed at GERAN2#31bis.


� On the other hand, for Extended Dynamic Allocation the definition in subclause 8.1.1.2.1 of TS 44.060 states that: “The mobile station shall, during a block period in which it has been granted permission to transmit, monitor for the assigned USF the downlink PDCHs corresponding to its assigned uplink PDCHs starting with the lowest numbered assigned PDCH up to the highest numbered PDCH which the mobile is able to monitor, taking into account the PDCHs allocated for transmission in the block period and the switching requirements of the mobile station multislot class (see 3GPP TS 45.002)”. Such a statement is not present for Dynamic Allocation in subclause 8.1.1.1 of TS 44.060.


� Note that, for Dynamic Allocation, in TS 44.060 it is not clarified where the network can send the PACCH in the case of concurrent uplink and downlink TBFs. It is assumed that the PACCH can be sent only on the common assigned uplink and downlink timeslots, as it happens for EDA and which is the natural extension of what is specified today for the case of uplink TBFs in subclause 8.1.1.1.1.


� For multislot class 12, the variant with Tta and Trb could also be used, but it is proposed to avoid this as it makes problems with BSIC decoding. Note that this is not possible for multislot class 11 (as Tta=3 instead of 2).


� Note however that when u=5 the configurations for classes 30-39 require shifted USF operation, which is not required for the configurations derived from � REF _Ref147671164 \h ��Figure 17�.


� The black squares correspond to the combinations for which the ‘Sum’ criterion is satisfied for all the multislot classes 8-12 (excl. 9), 30-39 and 40-45; the grey squares correspond to combinations for which the ‘Sum’ criterion is satisfied for some of the multislot classes.


� As proposed in � REF _Ref150072706 \w \h ��[9]�, for dual carrier d can be defined as the highest assigned downlink TS number on both radio frequency channels minus the lowest assigned downlink TS on both radio frequency channels plus one.
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