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1 Background

Extended dynamic allocation was introduced in the standards in the late 1997 in order to allow transmission by relatively simple half-duplex terminals on more than two timeslots in the uplink direction whilst keeping the basic principle of dynamic allocation via USFs. At that time, fixed allocation was already existing and allowed for transmission on a high number of timeslots in the uplink direction for half-duplex terminals, but the drawback of fixed allocation was that it lacked dynamicity. Therefore, extended dynamic allocation was (and still is) considered as an excellent solution. This has become even more true since fixed allocation has been removed from the standards: extended dynamic allocation remains the sole means enabling transmission on more than two uplink timeslots for half-duplex mobiles.

However, in recent months, a number of issues  have been raised related to extended dynamic allocation (see e.g. Tdoc GP-022528 by Ericsson). Issues are due to ambiguities in the standards and complexity of implementation both in the mobile station and on the network side. GP-022528 has highlighted the ambiguities in the standards and proposed solutions to solve them. It is the purpose of this contribution to show what are the advantages and drawbacks of these different solutions, both in terms of performances and complexity of implementation in the terminal and in the network.

2 Problems with the utilisation of extended dynamic allocation

2.1 The allocation of four TX slots effectively forbidden

According to Tdoc GP-022528, it is obvious that the allocation of four Tx timeslots is forbidden by the standards. In fact, as mentioned in [05.02 § 6.4.2.2], the parameter Tra shall be applied for a multislot class 1 to 12 for a packet switched connection. However [05.02 Annex B1] specifies Tra = 2 for multislot class 12, which is not compatible with the following multislot configuration : Rx=1; Tx= 4.
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As suggested in Tdoc GP-022528, the solution will consist in using the parameters Tta and Trb (i.e. perform adjacent cell power measurement between Rx and Tx slots of the same TDMA) instead of the parameter Tra.


1+4 multislot configuration (Rx=1;Tx=4;Sum=5) using extended dynamic allocation

2.2 Handling DL and UL allocations

As far as we understood, there are 2 possible interpretations of the mechanism of extended dynamic allocation. Each one depends on the way of dealing with network assignments:

· On a block-by-block basis, i.e. the network is allowed to switch radio resources between downlink and uplink dynamically, as described in GP-022528 §2.2.

· On an assignment basis, i.e. MS multislot configuration remains the same for each radio block of the TBF, until next reconfiguration.

Let’s examine both solutions in details.

2.2.1 Allocation on a block-by-block basis
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According to the explanations of § 2.1, the parameter Tta should be applied for a multislot class 12 MS in 1+4 configuration (i.e. Rx=1; Tx=4; Sum=5). But as mentioned in the standards, such a MS must support all intermediate configurations like 4+1 or 2+3. Unfortunately, for these configurations Tta can’t be used (there is not enough space between the Rx and Tx timeslots of a same frame). Therefore, if a multislot class 12 MS has to switch dynamically between multislot configurations 1+4 and 2+3, it also will have to swap the use of Tta and Tra parameters.


2+3 multislot configuration (Rx=2;Tx=3;Sum=5) using extended dynamic allocation

Altogether, this means that the MS will have to be able not only to determine the number of Rx and Tx timeslots dynamically (depending on the position of the USF in the previous radio block), but also to switch the position of the adjacent cell power measurement window (i.e. Tra <-> Tta) on a block-by-block basis.

 This involves another mobile-side real-time constraint coming from USF decoding. The problem here is that many parameters of a TDMA frame (number of Rx and Tx slots, position of adjacent cell power measurement) are determined by the position of the USF of the previous TDMA frame. 

These real-time constraints involve many practical problems to handle the extended dynamic allocation within the MS.

On the network side, block-by-block allocation implies that, for an MS using extended dynamic allocation with concurrent downlink and uplink TBFs, there must exist a tight coupling between the uplink and downlink schedulers: the timeslots on which RLC blocks can be sent in the downlink direction to such an MS depend on the timeslots that have been granted to the MS for transmission in the uplink direction; these timeslots can vary on a block-by-block basis.

Multiplexing on the same timeslots of several MSs, some using extended dynamic allocation and some not, will lead to complex scheduling problems and possible waste of radio resources.

Of course the advantage of block-by-block allocation is that it is fully dynamic; in case there are concurrent TBFs, the downlink throughput is reduced only when there are needs for timeslots in the uplink direction. There is no doubt that it was the intended mode of operation when extended dynamic allocation was originally introduced in the standards late 1997; however at the time the above mentioned complexities were not fully appreciated.

2.2.2 Allocation on an assignment basis

This solution considers that the MS multislot configuration remains the same for each radio block of the TBF until the next reconfiguration 

Let us assume that:

· MS is allocated N PDCHs for the uplink TBF, and thus N USFs 

· MS multislot class is compatible with the previous assignment (i.e MS supports N Tx)

· There is no concurrent downlink TBF established.

According to the MS multislot class requirements, the MS can perform PACCH operations on M downlink timeslots, where N+M=Sum and the first downlink timeslot is the lowest numbered PDCH in the assignment. Therefore the mobile station can monitor the first M USFs on the first M downlink timeslots.

The only requirement for this solution is that the network shall not use the (N-M) downlink timeslots that the MS can not monitor for PACCH operation (i.e. USF broadcast, polling, or packet control ack) when N > M. This means that the network has to take into account the MS multislot class to determine which timeslot(s) of the uplink assignment can be used as a PACCH.

Actually, this is consistent with [04.60 § 8.1.1.2.2] (second paragraph) which suggests that “the network shall transmit all PACCH messages on the lowest numbered timeslot in the allocation”. Nevertheless, it seems quite contradictory with [04.60 § 8.1.1.2.2] first paragraph.

The main problem of this solution is that for 1+4 configuration, the MS only monitors one Rx timeslot. This involves that the MS can only be assigned 0 or 4 Tx timeslots, which is a bit restrictive. In order to reduce the number of uplink timeslots (for example from 1+4 to 2+2), the network will have to send a Packet Timeslot Reconfigure message to the MS.

Actually, the block-by-block solution also has drawbacks in the way of reducing the number of uplink timeslots. In fact, if a MS is assigned 4Tx for the radio block N, it can only monitor 1 Rx timeslot (problem described in the previous paragraph). If the network wants to switch the MS from multislot configuration 1+4 to 2+2, it must wait one entire radio block (N+1) during which the MS can perform up to 4 Rx (and thus receive up to 4 USFs) and 0 Tx, and then downgrade the MS in multislot configuration 2+2 (for RB N+2).
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Transition 1+4 -> 2+2 for a MS using extended dynamic allocation on a block-by-block basis

On the network side, the allocation of timeslots on an assignment basis removes the needs for a tight coupling between uplink and downlink schedulers in case there are concurrent TBFs for an MS using extended dynamic allocation. The drawback is that the allocation is less dynamic and that in case of concurrent TBFs the downlink throughput is significantly decreased if the uplink allocation is favoured.

The multiplexing of several MSs on the same timeslots will probably be as complex as in the block-by-block allocation case, and the waste of radio resources is likely to be higher due to the reduced flexibility.

Conclusion

In order to solve the current ambiguity in the standards, two solutions have been considered: one (allocation on a block-by-block basis) leads to superior performance but is complex to implement on both mobile and network sides and might therefore lead to a longer time to market. The other (allocation on an assignment basis) is less flexible, has poorer performances but is easier to implement on mobile and network sides; it could allow mobile manufacturers to ensure a better time to market for multislot class 11 or 12 MSs.

TSG GERAN is therefore kindly invited to consider the above mentioned issues and to assess what is the best trade-off between complexity and performance. Whatever the chosen solution, a correction is needed in the standards: multislot class 12 MS should be allowed to use the parameters Tta and Trb when (and only when) the multislot configuration is Rx=1; Tx=4; Sum=5. Moreover, it will be interesting to clarify the first two paragraphs of [04.60 § 8.1.1.2.2], in order to decide which timeslot(s) have to be considered as a PACCH by the mobile station when extended dynamic allocation is used.
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