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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 multi-slot 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 multi-slot 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 multi-slot class 12 operation is not possible in DTM. In the case of a mobile station supporting multi-slot class 12, it is limited to at maximum operating as if it were multi-slot 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-2 uplink configuration while in DTM mode (shown in Table 1 below). This proposal uses a technique of sharing a single slot between a half rate CS channel and a half rate PS channel, which has the possibility of allowing the configurations shown in Table 1 below, which increase the uplink capacity compared with what is currently possible from N-3 to N-2 uplink packet timeslots.

	Multi-slot 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 with current definition of DTM
2 Analysis of User data in uplink and downlink

This proposal is aimed at increasing uplink capacity compared with what is currently possible. To show that this proposal is beneficial in an realistic use case scenario, this section provides measured data to show that a half rate downlink PS channel is sufficient to service acknowledgements for up to N-2 uplink packet timeslots, for all multi-slot classes. In fact, we show that a ½ rate downlink channel is sufficient to acknowledge data transfer on at least 4 uplink (full rate) packet channels, which corresponds to the case of multi-slot class 39. In the appendix a fuller theoretical analysis is given, which provides a similar conclusion.

Data traffic analysis was performed for FTP upload using 2.75 network simulator to determine the uplink and downlink data channels to identify any bottlenecks in the EGPRS transport system.

The analysis was performed on a 1Mb of FTP upload and the results are shown in Table 2 below. A typical use cases this applies to would be e-mail upload.

	
	Uplink
	Downlink
	Ratio

	TCP Data (bytes)
	1086687
	20739
	52.4

	TCP Packets
	734
	398
	1.84

	RLC Data Blocks 
	7487
	336
	22.28

	MAC Control Blocks
	1557
	699
	2.23

	RLC+MAC Blocks
	9044
	1035
	8.74


Table 2 Configurations that are not possible in DTM
The analysis shows that at the user data (application) level (above SNDCP), the ratio of uplink to downlink is around 52 to 1. But when RLC/MAC signalling is taken into consideration, the ratio of uplink to downlink traffic drops to around 8 to 1. This means that a single slot downlink channel can serve up to 8 slots on the uplink without leading to a bottleneck at the RLC/MAC level. This means a half rate downlink packet slot can serve up to 4 packet slots on the uplink; therefore this proposal is beneficial for all classes up to “sum of 6”, i.e. class 39.. The observed uplink/downlink traffic ratios are in reasonable agreement with the theoretical values shown in Appendix (see section 6), and on a real network with better optimization of radio resource usage than the simulator, rather better performance would be expected as shown in the Appendix

3 Proposal

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

3.1 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.

3.2  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-2 full rate PDCHs on the uplink. This approach overcomes the second problem associated with the solution in section 3.1, 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.

3.3 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 3.2). 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. poll response sent 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 poll response. There is a benefit of using the uplink half-rate 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. 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.

3.3.1 Example 1 – Multi-slot Class 12 configuration

This example shows how a multi-slot 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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Figure 1 Example configuration for multislot class 12 configuration

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.

3.3.2 Possible configurations for single slot downlink

This section provides example timeslot assignments for the remaining multi-slot classes given in Table 1.

3.3.2.1 Multislot Class 3

For multi-slot class 3, only Ttb and Tra can be respected.
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Figure 2 Example time slot assigment for multislot class 3 configuration
3.3.2.2 Multislot Class 7

For multi-slot class 7, only Ttb and Tra can be respected.
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Figure 3 Example time slot assigment for multislot class 3 configuration

3.3.2.3 Multislot Classes 34 and 39

For multi-slot class 34 & 39, Ttb and Tra are respected.
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Figure 4 Example time slot assigment for multislot classes 34 & 39 configuration

3.3.2.4 Multislot Class 45

For multi-slot class 45, Tta and Trb are respected.
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Figure 5 Example time slot assigment for multislot classe 45 configuration

3.3.3 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. 

3.4 3GPP specifications affected by this proposal

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

3GPP TS 43.055: DTM multi-slot class list and chart will require to be updated to include new multi-slot classes.

3GPP TS 45.002: Include information for half-rate PDCH and USF. 

3GPP TS 44.060: Define procedures for:

· monitoring of USF on half-rate PDCH

· transmission of poll responses

· USF Granularity

3GPP TS 44.018: Align definition of uplink assignment messages with 3GPP TS 44.060, where necessary.

4 Conclusion

This paper shows that using half rate packet channel for USF provides increased packet capacity on the uplink when mobile is operating in Dual Transfer Mode.  It is also shown that a half rate downlink packet channel can provide sufficient capacity for GPRS signalling and TCP/IP acknowledgements for upto 4 timeslots on the uplink direction. Therefore, Panasonic propose that half rate USF solution is accepted for 3GPP Release 7 of the specifications.

Appendix – Analysis of TCP data rates in uplink and downlink direction
To illustrate the benefits of this proposal a specific use case that has demand for high data rate on the uplink compared to downlink, such as e-mail or file upload running over TCP, is considered. The object transfer size is assumed to be large enough so the TCP session reaches a steady state, i.e. uplink rate is not constrained by slow start considerations. Key assumptions are shown in Table 3. 

	Parameter
	Assumption

	Coding Scheme
	GPRS

	TCP ACK size
	51 bytes

	TCP MDU size
	512 bytes


	TCP/IP header compression
	OFF


	RLC mode
	Acknowledged

	LLC mode
	Unacknowledged

	RLC window size
	64 RLC blocks


	RLC acknowledgement polling interval
	16 RLC blocks


Table 3 TCP use case assumptions

The data rate requirement is the sum of the TCP session requirement plus lower layer protocol overhead. In this case, the TCP session requirements are (per MDU period):

Uplink:
576 bytes  (default) – 1500 bytes (typical)

Downlink:
 51 bytes  (typical)

This represents a user data uplink/downlink ratio of 11:1 to 29:1

Note that if TCP retransmissions are required this ratio is unchanged. However as found in Ref [3], TCP retransmissions are rarely required, even in degraded radio channel conditions.

The lower level protocol overhead requires, per RLC acknowledgement period:

Uplink:
16 RLC blocks

Downlink:
1 RLC radio block (RLC acknowledgement)

Therefore, lower layer protocol demands a ratio of 16:1 for reliably transferring TCP/IP packets on the uplink.  In the downlink direction there will be other RLC/MAC signalling messages, in particular packet assignments, hence this ratio is likely to be lower. Note that if link errors occur, the traffic requirement per RLC acknowledgement period increases but in equal proportion on downlink and uplink.

Taking the lower of the two ratios (11:1), this shows that each ½ rate downlink PDCH is sufficient to support the protocol acknowledgement overhead corresponding to at least 5 uplink PDCHs, which would correspond to class 45 operation. 

With large TCP/IP packet sizes, RLC/MAC will limit the number of uplink slots that can be supported by a single downlink timeslot. With larger uplink TCP/IP packet sizes implies a lower number of TCP/IP acknowledgements in the downlink direction hence allowing more downlink resources for downlink RLC/MAC control messages.

 In conclusion, in GPRS and EGPRS mode this technique provides benefits for all configurations in Table 1 above. Class 45 operation of 1D+6U corresponds to this limiting case.
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� This is conservative assumption. In fact, typical TCP MDU sizes are as large as 1500 bytes, in which case the ½ rate downlink could support an even higher uplink capacity.


� This is a conservative assumption which maximises the need for acknowledgement channel bandwidth


� This is conservative assumption which applies to GPRS. In fact for EDGE the RLC window size can be considerably larger, which allows a larger RLC acknowledgement polling interval.
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