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1 Introduction

At the passed GERAN and GERAN2 meetings, the limitations regarding the multislot class 12 and the extended dynamic allocation have been discussed, see documents GP‑022528 (Ericsson), and GP‑030240 (Alcatel) and G2‑030221 (Siemens). 

A few conclusions could be made:

a)
The restriction in TS 44.060 that the MAC mode shall not be changed in packet transfer mode should be removed, at least for the switching between the dynamic allocation and the extended dynamic allocation.


The reason for this is that the network cannot determine if the extended dynamic allocation is possible to use before the mobile capabilities are known. For that reason and others, a TBF may initially be assigned with the MAC mode set to ‘dynamic allocation’ (which is supported by all mobile stations). First when the network has received the information about the MS capabilities and possibly other information about the needed uplink resources, the MAC mode is changed to ‘extended dynamic allocation’.

b)
Specifically for the multislot class 12, when four uplink slots are included in the timeslot allocation of an UL TBF using the extended dynamic allocation, the mobile station should use the parameter Tta = 2 (and Trb = 1) defined in TS 45.002, instead of Tra (and Ttb), as it is specified today. The network shall assume that the mobile station uses Tta (and not Tra).


The reason for this is evident from the fact that there is a gap of two slots between the RX slot where USF is detected and the TX slots. In total, the RX and TX slots thus extend across seven slots. Therefore, there is just one slot left within the TDMA frame after the last TX slot, before the next RX slot.

There are also a number of more or less open issues:

c)
The introduction of a “simplified” operation of the extended dynamic allocation has been discussed.


The purpose of that would be to restrict alterations between downlink (RX) and uplink (TX) biased configurations to an assignment based operation, rather than the block-by-block alterations that is intended with the current definition of the extended dynamic allocation. This would simplify the mobile implementation at the expense of more complicated and less flexible reallocation procedures in the network.

d)
In general, the constraints for the alignment of DL and UL TBFs, when the UL TBF is operated using extended dynamic allocation may need to be clarified. In particular, the number of timeslots that can be allocated to a DL TBF, and which of those the mobile station needs to monitor, depending on the USF position of the UL TBF, need to be confirmed.

e)
The application of the extended dynamic allocation in multiple TBF configurations may require further study.

f)
The application of extended dynamic allocation in configurations using a mix of dedicated channels and PDCHs, like DTM, need to be considered.

The rest of this paper discusses some of these issues and attempts to summarise some conclusions at the end.

2 Discussion

2.1 Basic operation of the extended dynamic allocation

2.1.1 Background configuration, using the USF position to control UL allocation

The extended dynamic allocation (EDA) was introduced as a separate MAC mode in order to extend the capabilities offered by the dynamic allocation. In particular, it allows uplink TBF configurations using more than two timeslots.

The basic principle of EDA is rather straightforward; the mobile station is assigned an uplink TBF with a channel configuration including a number of timeslots. The maximum number of uplink timeslots is limited by the Tx parameter given by the mobile station multislot class. A single USF is then used on a block-by-block basis to indicate which timeslots within the configuration that the mobile station may use for transmission.

In effect, this means that if the mobile station is allocated N timeslots for the uplink TBF, there is a kind of background configuration consisting of N downlink slots and N uplink slots, which the mobile station may need to use: either for monitoring the USF, for transmission or both. If the allocated timeslots are numbered 1 to N, and the USF is detected in timeslot number X [within the range 1 to N], the mobile station is supposed to transmit at timeslots number X to N (inclusive) during the next block period.

In figure 1, the basic principle of the extended dynamic allocation is illustrated. A background configuration of four timeslots (numbered 1 to 4) is used as an example. If the USF is detected in timeslot 3, the mobile station shall listen to RX slots number 1 to 3 in the next block; it may transmit in TX slots number 3 to 4.
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Figure 1: Background configuration of UL TBF using extended 
dynamic allocation (4 timeslots)

Note that the total number of RX and TX slots never exceeds N+1. Hence, a configuration based on N = 4 should be supported by a mobile station of a multislot class allowing Rx ( 4, Tx ( 4 and Sum ( 5, provided that Tta or Ttb ( 2 and Tra or Trb ( 1, see TS 45.002, Annex B.

The concept of the background configuration is introduced here. This is a concept that is not used in current specifications, but seems useful in the understanding of the operation of the extended dynamic allocation.

2.1.2 Dynamic split of RX and TX slots

The basic principle can be used by the network to dynamically split the radio resources between RX and TX by shifting the USF position to the left or to the right, within the background configuration. This is illustrated in figure 2.

When no USF has been received, the mobile station listens to the full RX allocation (four timeslots in this example, numbered 1 to 4). When the USF is detected, the corresponding TX slots are allocated in the next block period for transmission. The number of RX slots the mobile station listens to is reduced correspondingly. In this way, there are always two slots unallocated between the RX and TX slots. The mobile station may thus apply the parameter Tta = 2 and perform the adjacent cell signal strength measurements within this timeframe, if needed (see TS 45.002, Annex B.1).

By shifting the USF to the left (towards the lower numbered timeslots), the number of TX slots in the allocation increases. The corresponding number of RX slots the mobile station shall listen to decreases.

In order to shift the split between RX and TX slots towards a more RX biased allocation, the network should stop sending USF for at least one block period. This is necessary because the mobile station does not detect a USF in the RX slots to the right of the current USF position. However, by stopping the USF for one block period, the allocation process is restarted, so that the mobile station listens to the full RX allocation. The network may then start sending the USF in a position to the right of the previous position; thereby reducing the number of allocated TX slots. The corresponding number of RX slots increases.
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Figure 2: Dynamic split of RX and TX slots

The basic principle for the dynamic split of RX and TX slots described in this section is fairly well specified in TS 44.060, sub-clause 8.1.1.2, and in TS 43.064, sub-clause 6.6.4.7.2.

There is however at least one underlying question: in some configurations, the multislot class would allow the mobile station to listen to the RX slot following immediately after (i.e., to the right of) the current USF position (Tta or Ttb = 1). This is the case, for instance, with multislot classes 11 and 12, if the mobile station is assigned an UL TBF with a background configuration of N = 3. In these cases, it would be possible for the mobile station to detect a shift of the USF position one step to the right. It would then be possible to gradually reduce the number of TX slots one step at a time, without having to completely switch of the transmission for one block period. The current TS 44.060, sub-clause 8.1.1.2, does not allow this option; neither does TS 43.064, sub-clause 6.6.4.7.2. Whether this is an oversight or the intention was to restrict this option need to be clarified.

2.2 Simultaneous DL and UL TBFs

2.2.1 DL and UL TBFs with equal timeslot allocation

So far, only the operation of the UL TBF has been considered. In fact, the specifications (TS 44.060 and TS 45.002) are not very clear about the simultaneous operation of DL and UL TBFs using EDA. In particular, the specification is not clear on the impact on the number of useful downlink slots for the DL TBF, if a DL TBF is combined with an UL TBF using EDA.

Nonetheless, it is assumed that the network should always be able to assign a DL TBF with a timeslot allocation equal to the timeslot allocation of the UL TBF, or a sub-set thereof. It is assumed that the transmission on the DL TBF shall respect the current position of the USF. I.e., the leftmost TX slot is determined by the USF position. The USF position, in combination with the parameter Tta or Ttb (whichever is applied by the mobile station), in this way, indirectly determines also the useful RX slots for the DL TBF. Two cases occur:

–
If the mobile station (depending on the multislot class) applies a Tta or Ttb = 2, the network shall not transmit on the DL TBF in any of the slot positions to the right of the current USF position.

–
If the mobile station (depending on the multislot class) applies a Tta or Ttb = 1, the network may transmit on the DL TBF in the first slot position to the right of the current USF position, provided that this is compatible with the maximum total number of RX and TX slots for the mobile station (determined by the parameter Sum defined by the multislot class; see TS 45.002, Annex B.1).

Note that in the second case, it is unclear whether the mobile station is required to detect a USF in the slot position to the right of the current USF position (see end of section 2.1.2 above). In this paper, it is assumed that this is not a requirement. However, this is an issue that need to be clarified. There would be certain benefits if the mobile station would be able to detect a USF in this timeslot, which it is anyhow required to listen to, at least in the simultaneous DL and UL TBF scenario.

2.2.2 DL and UL TBFs with downlink-biased timeslot allocations

Most of the existing type 1 multislot classes allow downlink-biased timeslot allocations, i.e., it shall be possible to operate a DL TBF with a timeslot allocation that exceeds the timeslot allocation of the UL TBF. Two examples are illustrated in figure 3.
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Figure 3: Alignment of DL and UL TBFs using EDA in downlink-biased configurations

In the first example, a DL TBF with an allocation of four timeslots is combined with an UL TBF with an allocation of three timeslots. A mobile station, for instance, of multislot class 11 or 12 should support this configuration.

In the second example, a DL TBF with an allocation of six timeslots is combined with an UL TBF with an allocation of three timeslots. A mobile station of multislot class 42 – 45 should support this configuration.

In this paper, it is assumed that the network may use the timeslot immediately to the right of the current USF position to transmit on the DL TBF (otherwise, a 4+3 configuration like the one in the first example would not be useful). However, it is not assumed the mobile station is required to detect a USF in this slot position, if the USF would suddenly be shifted one step to the right. – This needs to be confirmed and possibly clarified in the specifications.
In general, it should be possible to deduce the applicable channel configurations for each multislot class based on the tables in sub-clause 6.4.2.2 and Annex B of TS 45.002. – It is however felt that this is an area where some verification of the specification is needed, to ensure that everything is covered by and to ensure that all companies share the same understanding.
2.3 Simplified EDA operation

2.3.1 General

Although the original definition of the extended dynamic allocation from R97 allowed a dynamic split of RX and TX slots, as discussed in section 2.1.2, recent discussions in GERAN have indicated that there is an interest of a simplified EDA operation. It has been suggested that a more static split between RX and TX slots would be preferable, to enable an early availability of mobile stations supporting transmission on more than three timeslots. The reallocation of timeslots between RX and TX would then be done on an assignment basis, rather than the original block-by-block basis, as shown in figure 2.
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Figure 4: Simplified EDA operation (normal case)

With the simplified EDA operation, the mobile station would monitor only one RX slot for USF detection, corresponding to the maximum TX slot allocation. If the network needs to modify the TX slot allocation, it has to be performed by a TBF reassignment, where one or more timeslots may be added or removed. To that respect, there are a few issues that may need certain consideration: 

–
How the network should deal with the varying reaction times on a packet assignment that could be expected in different mobile stations.

–
How the network should deal with frame erasures that may occur when the new assignment is sent to the mobile station.

2.3.2 Varying reaction times on packet assignment

There is a maximum reaction time specified for the mobile station when a packet assignment is received (TS 45.010). However, some mobile stations may have a reaction time shorter than that. In order to cope with that without loosing radio capacity, the network needs to perform the TBF reassignment taking different reaction times into account.

One approach is shown in figure 4. The mobile station listens to the USF in only one RX slot, the position corresponding to the full allocation of TX slots. The network may use the USF to switch the transmission on and off in the mobile station, but not to change the number of TX slots.

If the network needs to reduce the number of TX slots (e.g., to increase the number of RX slots for a DL TBF), the network sends an uplink assignment (PACKET UPLINK ASSIGNMENT or PACKET TIMESLOT RECONFIGURE message) to the mobile station, changing the timeslot allocation of the UL TBF.

When the mobile station receives the uplink assignment message, it prepares to change the channel configuration. The network continues to send the USF in the old position to allow the mobile station to continue transmitting using the old configuration up to the maximum reaction time (late reaction). The network also starts sending the USF in the new position. That allows the mobile station to change the channel configuration before the maximum reaction time (early reaction). When the mobile station changes the channel configuration, it stops transmitting using the old configuration and starts listening for the USF in the new position. When the USF is detected in the new position, the mobile station resumes the transmission using the new configuration.

The same procedure may be used for both increasing and decreasing the number of TX slots allocated for the UL TBF, as illustrated in figure 4.

If there is a simultaneous DL TBF ongoing, the network should use the PACKET TIMESLOT RECONFIGURE message in this procedure, in order to keep the DL and UL TBFs aligned. If there is no DL TBF, the network should use the PACKET UPLINK ASSIGNMENT message.

2.3.3 Block erasure at packet assignment

The network should extend the procedure shown in figure 4 (normal case) to cope also with the events of a mobile station not receiving the uplink assignment correctly. In that case, the mobile station continues to use the old channel configuration and the network has to repeat the uplink assignment until it takes effect. An example of a procedure where the network is able to handle potential block erasures at packet uplink assignment is shown in figure 5 (block erasure at packet assignment, see below).

The repetition of the packet assignment could be performed unconditionally, to increase the reliability of the basic procedure. Given that the mobile station receives the uplink assignment, either the first or the second time it is sent, the mobile station would then be able to change into the new configuration with a minimum of interruption.

If the mobile station does not receive the uplink assignment even the second time, it will stop transmitting when the network stops sending the USF in the old position. The network is able to detect that the mobile station stops transmitting, and thus, that it does not detect the USF in the new position. The network may use that as a trigger for additional repetitions of the uplink assignment. 

Eventually, the mobile station should receive the uplink assignment and start sending using the new configuration. If not, the network has to determine that an abnormal condition has occurred and should perform an abnormal release of the UL TBF.

2.3.4 Simultaneous DL and UL TBFs using simplified EDA operation

The requirements for the configuration of simultaneous DL and UL TBFs when using the simplified EDA operation should be slightly different from those used in the original EDA operation. 

There is no need for the background configuration of the UL TBF, as discussed earlier in this paper for the original EDA operation. This is because the simplified EDA operation does not allow a dynamic split of RX and TX slot on the block-by-block basis, as in the original case. Instead, the mobile station will always have exactly one RX slot associated with the UL TBF.

This RX slot should also be included in the timeslot allocation of a simultaneous DL TBF, in order to keep them aligned. In certain cases, this will be the only timeslot where the mobile station is able to both receive and transmit. Depending on the restrictions imposed by the multislot class, in some cases one additional RX slot may be allocated to the DL TBF to the right of the common RX slot for the DL and UL TBFs. Additional RX slots may be allocated to the DL TBF to the left of the common RX slot, if the restrictions imposed by the multislot class allow.

2.3.5 Specification status

The simplified EDA operation has currently no real support in the specifications. It could perhaps be introduced as a small Rel-6 technical enhancement and improvement (TEI6). It is foreseen that, as a minimum, some procedure text need to be added in TS 44.060. A capability indication (e.g., EDA_1) would be needed in the MS Radio Access Capability IE (TS 24.008). Clarifications about the channel configuration options and how the various multislot classes may be applied in combination with this feature are needed in TS 45.002. An entry might also be required in TS 43.064.
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Figure 5: Simplified EDA operation (block erasure at packet assignment)

2.4 Multislot class 12

There is an emerging commercial interest of allowing UL TBF operation on up to four timeslots. In principle, this would be possible with a mobile station of multislot class 12, if the network could assume that the mobile station uses the parameter Tta and not Tra in this configuration. Currently, it is assumed that all multislot classes 1 to 12 shall operate using Tra, which implies that operation on four TX slots with extended dynamic allocation is not possible.

The simplest solution would be to treat this problem as an error and correct the specification, at least from R99 onwards. Certain concerns has however been raised whether this is possible, considering potential backward compatibility problems that may arise due to a correction like that. The crucial point seems to be whether there exist mobile stations today, or if there are any plans for such, which declare both a multislot class of 12 and the support for the extended dynamic allocation in their radio access capabilities. If there were, those mobile stations would not operate properly if this correction would be introduced.

However, since this correction would be linked not only to the multislot class 12, but also to the capability of supporting EDA, this might not be a very likely problem. Mobile stations in general, supporting the multislot class 12, would not be impacted, only those that also support the EDA. Quite possibly, there are none.

If this is not an acceptable way forward, the recommended solution in this paper would be to define a new EDA capability (e.g., EDA_2) that indicates that the multislot class 12 shall be operated with Tta instead of Tra in certain EDA configurations.

A decision on the way forward at the GERAN #14 meeting would be highly appreciated. That would allow CRs to be produced with the target of approval at the GERAN #15 meeting in June.

2.5 EDA operation with multiple TBFs

The EDA operation in combination with multiple TBFs has not been studied in very much detail in this paper. However, a few observations could be noted:

(1)
The requirements for how a multitude of UL TBFs may be multiplexed in configurations where EDA is used for one or more of the UL TBFs have not been defined. It has simply been assumed that the existing requirements for the multiplexing using single TBF operation are sufficient to cover also this scenario. That is likely not the case (!).

(2)
A mobile station of a multislot class type 1 is able to detect one, or in the best case two USFs (depending on the Tta or Ttb parameter applied) per block period. This means that only one, or in the best case two UL TBFs may be scheduled for transmission during the frame of one block period. Only one UL TBF operating with EDA should be scheduled within the time frame of one block period. 


This could impose some difficulties in the scheduling of UL TBFs in case there are many active simultaneously. This could serve as an argument for allowing a certain degree of TBF sharing and/or USF stealing in the uplink direction when multiple TBFs are in use.

(3)
In this paper it is assumed that it is allowed to mix UL TBFs using both dynamic allocation and EDA. However, this is an assumption and is not specified anywhere. In fact, the current restriction for shifting the MAC mode during packet transfer mode and dual transfer mode points in the completely opposite direction.

(4)
Assuming that a multitude of UL TBFs are operated with a mixture of dynamic allocation and EDA is allowed, care must be taken so that the inherent shifting of the USF position associated with the EDA does not prevent the mobile station from monitoring the RX slots where the USF for other UL TBFs are sent. The behaviour of the mobile station may need to be clarified in those situations, where the mobile station is unable to monitor the RX slots where the USFs for other UL TBFs could be expected.

This is clearly a field that may require some further study.

2.6 EDA operation in combination with dedicated radio resources

During DTM operation (and potentially also in GERAN Iu Mode), it is possible to combine a dedicated channel and one or more PDCHs towards the mobile station. Due to the fixed position of a dedicated channel and the inherent shifting of RX and TX slots associated with EDA (depending on USF position), it seems unclear how, for instance, DTM and EDA operation can be combined. 

It may also need to be clarified if the EDA operation allows a gap in the timeslot allocation of the UL TBF, so that for instance timeslot number 1 and 3 are used for the UL TBF, whereas timeslot number 2 is used for the dedicated channel. There are certain statements in TS 43.064 that indicates that this is possible. The requirements in TS 44.060 need to be verified.

If these combinations shall be possible, some clarification is likely needed. If these combinations are not intended, also that should be clarified. Further study seems to be required.

3 Conclusions

It is noted that the current restriction for changing the MAC mode between dynamic allocation and EDA in packet transfer mode and in dual transfer mode need to be removed, in order to facilitate EDA operation in cases where the EDA capability of the mobile station is not known in the BSS when a TBF is established. (A set of CRs to TS 04.60/44.060 has been provided to the GERAN #14 meeting for that purpose in documents number GP‑030688 to 0691.)

The basic operation using extended dynamic allocation has been reviewed, with reference to requirements that can be found in TS 43.064 and TS 44.060. It has been found that the concept of a background configuration could be useful in the description and the understanding of the operation using the extended dynamic allocation. A question has been raised, regarding the possibility of using USF detection the timeslot position following the current USF position to gradually reduce the TX allocation, in those cases where the mobile station shall apply a Tta or Ttb = 1.

The simultaneous operation of DL and UL TBFs using EDA has been considered. The requirements for the alignment of the timeslot allocations for the DL and UL TBFs have been investigated. The interactions between the USF position of the UL TBF and the requirements for which timeslots in the allocation of the DL TBF that need to be monitored by the mobile station has been looked at. An assumption was reached that these requirements should be possible to deduce from the specification of multislot configurations for packet switched connections that can be found in TS 45.002. However, this assumption needs to be verified. Further study may be required.

A simplified mode of EDA operation has been outlined, where reallocation of RX and TX resources are restricted to be performed on an assignment basis. It is suggested that the simplified EDA operation is considered as a technical enhancement and improvement within the Rel-6 time frame of the 3GPP specifications. It is suggested that this could be done within the TEI6 work item. A decision to go forward with this task is needed.

It should be noted that if a decision is taken to introduce the simplified EDA operation, the recommendation in this paper is anyhow to keep the original EDA operation as the basic option in the standard. The original EDA operation is clearly more efficient in terms of the signalling load and rapidity when it comes to the reallocation of radio resources between downlink and uplink. It should be kept for future use.

The possibility of using the multislot class 12 for operation on up to four TX slots has been reviewed. A change of the requirements in TS 45.002 is needed, i.e., to use the parameter Tta instead of Tra in this configuration. It has been discussed whether this could be done as a correction, preferably in R99 or earlier, or if this option needs to be defined as a new mobile capability to be introduced within the Rel-6 time frame of the 3GPP specifications. A decision about the way forward at the GERAN #14 meeting would be highly appreciated.

The EDA operation together with multiple TBFs and/or in combination with dedicated radio resources has been briefly discussed. Further study seems to be required.
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