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1. Statement of Problem

The current DTM specifications allow the mobile station to support the following multi-slot classes: 1, 5, 6, 9, 10 and 11 (Ref [1]

 REF _Ref86814946 \r \h 
[3]). At present the DTM specifications do not support multi-slot classes higher than 11. With the advent of higher multi-slot classes including class 12 and higher, it is desirable to ensure that the transmit and receive capabilities of these classes (see Ref [2]), and especially their ability to transmit up to ‘Tx’ slots and receive up to ‘Rx’ slots (subject to limitations on the ‘Sum’ of Tx and Rx as defined in Ref [2]) can be fully exploited within DTM to minimize latency and maximize throughput. This discussion paper examines some limitations in the operation of dynamic resource allocation in DTM and proposes some enhancements.

At present there are two dynamic allocation schemes defined; “dynamic allocation” (DA) and “extended dynamic allocation” (EDA). EDA is very flexible, and allows the GPRS mobile to vary the allocation of uplink slots and downlink slots smoothly between two extremes: the maximum number of downlink slots can be allocated, or the maximum number of uplink slots can be allocated, or any other allowable combination in between. 

EDA at present achieves this same flexibility for DTM up to multislot class 11. However were higher multislot classes to be defined for DTM, this would not be the case. Specifically, were class 12 included in DTM (4Tx, 4Rx, sum 5), EDA cannot be used to allocate 4Tx (i.e. 3 PS+ 1CS), despite the fact that the mobile is capable of 4Tx.

It is desirable to allow a dynamic allocation scheme, similar to the EDA scheme, in which the network can smoothly exploit full range of the mobile’s radio capabilities from the maximum receive to the maximum transmit. 

This paper outlines an enhancement to EDA, provisionally called “Special Extended Dynamic Allocation” (SEDA) to enable a mobile station to use more uplink resources while still keeping the flexibility of EDA.

At present in DTM, EDA can be used to allocate packet uplink resources. However, due to the constraint that the circuit-switched slot must occupy the same timeslot number in both the uplink and downlink direction, and the way in which EDA works, the amount of uplink resource that can be allocated is restricted. The result is that for multi-slot class 12 and higher the amount of uplink resource that can be allocated is less than the number of slots that the mobile is actually capable of transmitting. One reason for this is that the USF cannot be transmitted on the same downlink timeslot as the CS channel, so two downlink slots are required. Therefore this discussion paper outlines a method of sharing the timeslot of the CS and the USF, when the CS resource is a half rate channel.

A second problem that applies for higher multislot classes is that the fixed position of the CS resource limits the use of EDA. In Extended Dynamic allocation, a USF on timeslot n on the downlink allocates uplink resources for a mobile on timeslot n and all higher numbered uplink slots assigned to that mobile (see Ref [4]). Therefore the downlink timeslot number on which the USF appears is always equal to the timeslot number of the first uplink slot to be used. This paper proposes to redefine the relationship between the timeslot number on which the USF is received and the timeslot number of the uplink resources it allocates, for the purposes of SEDA.

The method outlined also provides advantages for higher multislot classes even when the CS resource is a full rate channel, and lower multislot classes when the CS resource is half rate.

2. Description of Possible Solution

An essential requirement is that the mobile and network can both construct the same mapping between uplink resources and the downlink timeslot on which the enabling USF appears. This will take into account the multi-slot class of the mobile and the uplink assignment given to the mobile. At the same time it is desirable that such a mapping should allow mobiles to transmit the maximum number of uplink PDCHs according to the capability of their multislot class.

This proposed solution permits mobiles of higher multi-slot classes to transmit up to Tx-1 uplink PDCHs when CS resource is half rate. Note DTM currently permits mobiles to transmit on either a half-rate PDCH or up to two full rate PDCHs, depending on the capabilities of the mobile, but half-rate and full rate uplink PDCHs cannot be mixed. This restriction on mixing half rate and full rate on the uplink is retained in the outlined solution. The Figure 1 below shows how the proposed solution would permit usage of downlink, uplink and USF for class 12 for a half rate CS resource. The allocation of uplink PDCHs can be varied from zero to three dynamically, and in conjunction with the uplink CS slot this fully utilizes the capability of the mobile to transmit 4 slots:-
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Figure 1 Operation of new allocation scheme for multi-slot classes 10, 11 & 12

The notation used in this and the following figures is shown below. The circled numbers are explained in further detail in the Appendix.
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Figure 2 Key to figures

A mapping can be defined that allows both the mobile and the network to map the uplink timeslots to the downlink slot on which the enabling USF appears, without any extra signalling required to indicate this mapping. An example mapping is outlined in the appendix and illustrated in the figures.

For higher multi-slot classes, the advantages are even greater. Consider a class 34 or 39 mobile (5 DL, 5 UL, Sum 6). With the proposed enhancements, the full capabilities of these classes become available, as shown in Figure 3 and Figure 4.
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Figure 3 Operation of new allocation scheme for multi-slot classes 32-34 & 37-39 (half rate)

Using the same rule, flexibility is increased when the CS resource is full rate; to maximise uplink resource the network uses one downlink timeslot for the CS channel, one downlink slot for the enabling USF and is then able to dynamically allocate the maximum uplink resource subject to receiving two downlink slots. Also any combination in between is supported:
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Figure 4 Operation of new allocation scheme for multi-slot classes 32-34 & 37-39 (full rate)

Note that SEDA also provides advantages for lower numbered multi-slot classes, specifically class 7, in the case of a half rate CS channel, since it allows more uplink resources to be allocated. This is illustrated in the following figure:
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Figure 5 Operation of new allocation scheme for multi-slot classes 6 & 7

This proposed scheme operates according to the following working principle:

· To increase the number of packet channels that can be dynamically allocated by a mobile of class 12 or higher operating in DTM while retaining the flexibility of EDA.

· The multi-slot class, the slot number allocated for the circuit switched call, and a set of rules allow both the network and the mobile to construct the same mapping between the enabling USF and the enabled uplink resources.

· SEDA capability will have to be indicated by the mobile to the network. This could be implicit – i.e. a mobile declares support for a DTM multi-slot class not fully supported by the existing allocation system. 

Other issues to address:

· Polling on the half rate.

In this case a rule needs to be defined to specify the poll response timeslot.

· USF on half-rate channel controlling a full-rate uplink.

In this case the granularity has to be either 2 radio blocks or 4 radio blocks as the MS can only get the USF every 8 TDMA.

· Code points to indicate extra DTM multi-slot classes.

Possible Impact on GERAN and other specifications

It is expected that a number of 3GPP specification will require updating. Here is a brief list of these specifications:

· The DTM stage 2 specification (3GPP TS 43.055) will need to be updated to specify support for higher multi-slot classes and when to use the new MAC mode (SEDA).

· The RLC/MAC specification (3GPP TS 44.060) will need to be updated to include description of SEDA as well as including information on granularity and polling.

· The GSM/EDGE multiplexing and multiple access specification (3GPP TS 45.002) will need to be updated to include information of SEDA.

· The MS Radio Access Capability  (3GPP TS 24.008) will require to be updated so that MS can indicate support for higher multi-slot classes.

3. Proposal


Panasonic proposes that, with the advent of higher multi-slot class capabilities and the need to minimize latency and data transfer time, the group considers the enhancements outlined in this document for possible future incorporation in the GERAN standards.

This enhancement is believed to impact mainly GERAN specifications with some impact on documents under the control of other standardisation groups. The impact of not implementing this enhancement is that, for a hypothetical multi-slot class 12 mobile, a maximum only 2 uplink PDCHs could be dynamically allocated, 30% less compared to what this proposal allows.

4. References
[1] 3GPP TS 43.055, “3rd Generation Partnership Project; Technical Specification Group GERAN; Dual Transfer Mode; Stage 2 (Release 6)” 

[2] 3GPP TS 45.002, “3rd Generation Partnership Project; Technical Specification Group GSM/EDGE Radio Access Network; Digital cellular telecommunications system (Phase 2+); Multiplexing and multiple access on the radio path (Release 6)”.

[3] 3GPP TS 24.008, “3rd Generation Partnership Project; Technical Specification Group Core Network; Mobile radio interface layer 3 specification; Core Network Protocols - Stage 3 (Release 6)”.

[4] 3GPP TS 44.060, “3rd Generation Partnership Project; Technical Specification Group GSM EDGE Radio Access Network; General Packet Radio Service (GPRS); Mobile Station (MS) - Base Station System (BSS) interface; Radio Link Control/ Medium Access Control (RLC/MAC) protocol (Release 6)”.

Appendix: Outline of a Possible Mapping

The following is an outline of a possible mapping which can be used to relate USF to uplink resources.

Assuming the CS slot is a half rate resource, with timeslot number NCS , the mapping is defined as follows.

A list of timeslots is defined for the uplink: 

Uplink list:
[NCS+1, …., Ncs+j]

Where j is the largest number of uplink PDCH slots that could be transmitted for the given multi-slot class, subject one downlink slot being monitored.

A corresponding list of timeslots is defined for the downlink, of equal length

Downlink list:
[Ncs-j-2, …, Ncs-1, Ncs+1, Ncs]. 

These are the downlink slots in which the USF may be found.

In the figures above, the numbers in circles relate to the positions in these respective lists.

The MS searches for a matching USF on the PDCHs in the downlink list, and if it finds a matching USF at position i in the downlink list, then it is able to transmit on all assigned PDCH’s that have a position lower than or equal to i  in the uplink list. Also it continues to monitor downlink PDCH’s at position i or higher in the downlink list but need not monitor positions lower than i.

If the CS slot is a full rate resource the lists of timeslots above are identical except that the final entry in each list is omitted.
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