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1
Background

The multislot classes 1 to 12 (type 1) have been designed with consideration of conserving the basic semi-duplex operation of the mobile station; for each TDMA frame the mobile station runs through a basic sequence of one or more RX slots, one or more TX slots and RF monitoring. The maximum numbers of RX and TX slots, as well as the minimum spacing between RX and TX slots depend on the multislot class of the mobile station. A table given in 3GPP TS 45.002, Annex B.1, specifies the capabilities of the different multislot classes. Further requirements are given in clause 6.4.2.2 of the same 3GPP TS.

In order to enable large allocations of TX slots for a mobile station in packet transfer mode, a number of different medium access modes have been developed:

The basic dynamic allocation has the limitation that it allows at most two TX slots for a mobile station of a type 1 multislot class. 

The fixed allocation was introduced mainly with the purpose of extending the possible uplink capability of the mobile station. In half-duplex mode, the fixed allocation allowed the allocation of up to eight TX slots (a full TDMA frame) if frequency hopping is not used.

The extended dynamic allocation was introduced mainly as an alternative to the fixed allocation. It is less capable than the fixed allocation, but considered as less complex and more similar to the basic dynamic allocation. It was therefore considered as justified, since it allowed up to four TX slots in a very similar manner to the basic dynamic allocation. (Fixed allocation was not considered as mandatory for multislot classes 1 to 12 at that point in time, i.e., during the second half of 1997.)

Recently, the fixed allocation has been deleted from the REL‑5 of the specification. Effectively, the fixed allocation will not be possible to use in future networks. This means that in order to fully utilise the multislot capabilities of the multislot classes 7, 11 and 12 (i.e., those allowing more than two TX slots), the only option is to use the extended dynamic allocation.

2
Problems with the utilisation of extended dynamic allocation

Unfortunately, the definition of the multislot classes has been done in such a way that it is impossible to take the full benefit of the potential capability of the extended dynamic allocation. Two problems have been identified.

2.1
The allocation of four TX slots effectively forbidden

According to 3GPP TS 45.002, clause 6.4.2.2 (multislot configurations for packet switched connections), the parameter Tra (3GPP TS  45.002, Annex B.1) shall be applied for multislot class 1 to 12 for packet switched connections. The multislot class 12 has been defined to allow up to four TX slots. However, the parameter Tra = 2 for multislot class 12. It means that there shall be (at least) two slots between the last TX slot and the next RX slot (in the next TDMA frame).

The definition of the extended dynamic allocation requires two slots also between the last RX slot and the next TX slot. That is due to the offset between downlink and uplink TDMA frames and the fact that the RX slot where the USF is detected and the first TX slot shall have the same timeslot number. Altogether, it means that there remain only three slots to be used as TX slots. (The TDMA frame consists of eight slots; minus the two slots from TX to RX; minus one RX slot; minus the two slots from RX to TX; makes three remaining slots for TX.) Therefore, it is impossible to utilise the maximum number of TX slot allowed for a mobile station of multislot class 12.
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Configuration using extended dynamic allocation and three TX slots
(multislot class 7, 11 or 12)

2.2
Shifting between DL and UL biased allocations

The actual number of TX slots to be used by the mobile station with extended dynamic allocation in a particular block may vary from no TX slots (USF not received in the preceding block) up to the number of PDCH/Us assigned to the mobile station. The timeslot number where the USF was received in the preceding block determines the actual number of TX slots to be used by the mobile station on a block-by-block basis.

Also the actual number of RX slots needed for USF detection in a particular block is indirectly determined by the position of the USF in the preceding block. For instance, assume that the mobile station is assigned 3 PDCH/Us (e.g., TN = 1 to 3). Depending on the position of the USF in the preceding block, the following three cases may occur:

Actual number of RX and TX slots depending on USF position 
(multislot class 7, 11 or 12)
	USF position in the preceding block (TN)
	RX slots (TN)
	TX slots (TN)
	Total number of RX + TX slots

	1
	1
	1, 2, 3
	4

	2
	1, 2
	2, 3
	4

	3
	1, 2, 3
	3
	4

	–
	1, 2, 3
	–
	3


As indicated in the table, the number of RX + TX slots is constant (except for the case where USF was not detected in the preceding block and therefore no TX slot occurs). 

If the RX slots needed for USF detection could be used also for receiving a PDCH/D, it would mean that for a mobile station deploying the extended dynamic allocation, it would be possible to handle a PDCH allocation of (in this case) 3 PDCH/Ds + 3 PDCH/Us, where the actual number of RX and TX slots to be used in each block is determined by the USF position in the preceding block.

The problem here, except for any practical problem to handle this within the mobile station, is that dynamically shifting between RX and TX slots for data transfer seems not to be allowed by the standards. Again, the problem can be found in 3GPP TS 45.002, clause 6.4.2.2, and the implications of that clause on the interpretation of the parameters defined in the table in 3GPP TS 45.002, Annex B.1. It is stated that:

In A/Gb mode, an MS may be allocated several PDTCH/Us or PDTCH/Ds for one mobile originated or one mobile terminated communication respectively. In this context allocation refers to the list of PDCH that may dynamically carry the PDTCHs for that specific MS. …

The implication of the second sentence in the extract from 3GPP TS 45.002 is that the parameters Rx, Tx and Sum in the table given in 3GPP TS 45.002, Annex B.1 shall be satisfied on an assignment basis and not on a block-by-block basis. With a PDCH allocation of 3 PDCH/Ds + 3 PDCH/Us, like the example given above, the parameter Sum would be equal to 6, which is not allowed for any of the multislot classes 7, 11 or 12. (Sum ( 5 for the multislot classes 11 and 12; Sum ( 4 for the multislot class 7.)

The limitation does not prevent that resources are shifted between downlink and uplink while using the extended dynamic allocation. However, it requires that the network send a PACKET TIMESLOT RECONFIGURE message to the mobile station each time allocation shall be changed. The procedure would be time consuming and unreliable. If the mobile station does not receive the PACKET TIMESLOT RECONFIGURE message as expected, protocol errors may occur. As a consequence, the data throughput would temporarily drop significantly. Counter actions would be needed from the network side to recover.

3
Possible solutions

The solution that is recommended for the problem mentioned in section 2.1 above is to replace the mandated use of the parameter Tra by the use of the parameters Tta and Trb, also defined in the table given in 3GPP TS 45.002, Annex B.1. That could be done in general, whenever the extended dynamic allocation is applied, or specifically when the extended dynamic allocation is applied to a mobile station of multislot class 12.

The problem mentioned in section 2.2 above could be solved by a requirement that the parameter Sum shall be applied on a block-by-block basis, not on an assignment basis, when the extended dynamic allocation is used.

In both cases, the suggested solutions would impact on the MS requirements associated with the extended dynamic allocation in a way that is not backward compatible with the current standards. An indication to the network would be needed to declare compatibility with the modified requirements. It is suggested that one bit is allocated as a REL‑6 extension of the MS Radio Access Capability IE (3GPP TS 24.008) for that purpose.

4
Actions

GERAN is kindly asked to consider the problems associated with the utilisation of the extended dynamic allocation described above. If the problems are acknowledged, GERAN is kindly asked to give an opinion of the solutions suggested in this document.

If an agreement about suitable enhancements of the standard can be found, Ericsson would be happy to continue studying the issue with the target to propose detailed changes of the specification to the next GERAN meeting (the GERAN meeting #12, November 2002), according to the agreement.
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