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Discussion Paper for DTM using Half Rate USF 

1 Introduction

Mobile stations supporting DTM feature are able to support a number of multislot classes ranging from class 5 to class 44 [1]. With the exception of exclusive allocation, all other DTM allocations require at least one full rate downlink packet channel that the mobile is required to monitor for USF. This means the mobile station can, at maximum, transmit on N-3 timeslots where N is sum of transmit and receive timeslots defined by the mobile station multislot class [2]. Exclusive allocation is used when half rate uplink packet channel is assigned to the mobile.

The current specification of dynamic and extended dynamic allocation prevents single slot downlink assignment to mobile stations while operating in dual transfer mode, in particular multislot class 12 operation is not possible in DTM. In the case of a mobile station supporting multislot class 12, it is limited to at maximum operating as it were multislot class 11 in dual transfer mode. This restriction is imposed by the protocol rather than by the hardware, preventing usage of maximum hardware capability. In fact, this restriction prevents mobiles from operating in 1 downlink and N-1 uplink configuration while in DTM mode (shown in Table 1 below). This proposal has the possibility of allowing the configurations shown in Table 1 below.

	Multislot Class
	Configuration and Sum

	3
	1D + 2U = 3

	7
	1D + 3U = 4

	12
	1D + 4U = 5

	34
	1D + 5U = 6

	39
	1D + 5U = 6

	45
	1D + 6U = 7


Table 1 Configurations that are not possible in DTM
2 Proposal

The possible solutions are: (a) use exclusive allocation, (b) use half rate TCH and PDCH on the downlink.

2.1 Exclusive Allocation – Full rate TCH and PDCH

With this approach one full rate TCH is assigned for speech and N-2 PDCHs are assigned for uplink packet channels. There are some disadvantages with this approach namely:

·  the allocation is not dynamic hence the packet channels could not be used for other mobile stations without changing the assignments. 

· there is no downlink packet channel for transfer of RLC/MAC messages from network to mobile.

This approach requires minimal changes to specifications to allow use of full rate PDCH in Exclusive Allocation mode.

2.2  Exclusive Allocation – Half rate TCH and PDCH

With this approach a mobile is assigned half rate TCH in both directions, half rate PDCH on the downlink and N-1 full rate PDCHs on the uplink. This approach overcomes the second problem associated with the solution in section 2.1, in that there is a downlink PDCH/H for transfer of RLC/MAC information from network to mobile. This approach still suffers from the fact the allocation is not dynamic hence the uplink packet channels cannot be shared with other mobiles.

This approach requires minimal changes to specifications to allow use of full rate PDCH in Exclusive Allocation mode together with half rate downlink PDCH.

2.3 Extended Dynamic Allocation – DTM half rate USF

With this approach the mobile is assigned half-rate TCH in both directions, half-rate PDCH on the downlink and N-2 full rate PDCHs on the uplink (same allocation as in 2.2). The downlink half rate PDCH can be used for 

· USF allocation to mobile – dynamically control uplink allocations

· Send RLC/MAC control messages to mobile

· Send RLC data blocks to mobile, provided the downlink half-rate PDCH was assigned for downlink TBF.

Note that the current specification allows half rate downlink PDCH for downlink TBF therefore this proposal does not introduce this change specifically.

Implications of this proposal are:

· USF monitored on half rate PDCH but controls allocation on full rate PDCHs. To fully utilise the uplink capacity, the number of radio blocks the mobile station transmits on needs to be changed for this kind of allocation – the granularity needs to be multiple of 2 radio blocks.

· USF monitored on a PDCH that is not used for uplink TBF. This may complicate scheduling on the network side but it would not prevent multiplexing of mobiles onto the same packet channels. The downlink timeslot used for half rate TCH and half rate PDCH would be exclusively assigned to one mobile only. 

· Procedure for poll response needs to be defined for this kind of allocation. There are two possibilities in this case:

1. send the poll response on the same uplink timeslot (using it as a half rate uplink PDCH). In this case some restriction is needed on the RRBP because it takes twice as long to receive the block containing the poll request and it also takes twice as long to transmit the block containing the  poll response. There is a benefit of using the uplink halfrate PDCH for poll response in that resources from data channels is not consumed for poll response hence the overall benefit would be greater throughput on the uplink. 

2. the poll response sent on the full rate uplink PDCH but on a different timeslot. In this case the timeslot for the poll response will need to be specified and some restriction on the RRBP may be needed as it takes twice as long to receive the block containing the poll request.

2.3.1 Example 1 – Multislot Class 12 configuration

This example shows how a multislot class 12 configuration would work.

It is assumed the following assignments:

· CS – Timeslot 1, half-rate bi-directional

· PS Downlink - timeslot 1 half-rate. This can be for control only or for control and data.

· PS Uplink – timeslots 0, 2 and 3 full-rate. 
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To make maximum use of packet resources, USF granularity while operating in half-rate DTM has to be a multiple of 2 radio blocks. The existing granularity of 4 can be used during this kind of allocation hence no changes are needed for this purpose on the MS or the network side. In addition to this the meaning of USF granularity of 1 could be redefined for this configuration to mean 2 radio blocks. Again, no signalling is needed for this purpose but network operation will need some modification.

2.3.2 Compatibility

The key change is that the USF detection takes 2 radio blocks (8 TDMA). The half-rate CS and PS timeslot should not cause inter-working problem with other mobile stations as this timeslot should not be assigned to any other mobile station. The uplink packet timeslots can be shared with other mobiles as usual. 

2.4 3GPP specifications affected by this proposal

It is anticipated that the following specifications are impacted by this proposed change.

3GPP TS 43.055 – DTM multislot class list and chart will require to be updated to include new multislot classes.

3GPP TS 45.005 – Need to include information for halfrate PDCH and USF. 

3GPP TS 44.060 – Need to include procedures for

· monitoring of USF on halfrate PDCH

· transmission of poll responses
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MS does transmit on assigned PDCH during B(x+1) and B(x+2) as assigned USF detected in B(x-1) & B(x). This assumes granularity of 2.
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