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Enhanced Uplink Configurations for Downlink Dual Carrier MS

1 Preface

In legacy GPRS the length of a radio block is inflexible: each radio block comprises 4 bursts, one per TDMA period. However there are circumstances where it is advantageous to have radio blocks which have more than 4 bursts. This situation arises in the case of “Turbo coding” which has been proposed for GSM in ref [1]. It is shown there that Turbo code performance improves with the length of the coded block up to at least 8 bursts. Therefore it would be desirable to increase the number of bursts comprising a radio block above the value of 4.

In Ref [1] the value of 8 bursts is considered, and this will be used in all following examples.  For convenience following performance information is taken from Ref [1].

The successive rows in the table below have the following meaning, for example:

· MCS-5 means 8PSK coded MCS-5 coding as defined in 3GPP TS 45.003.

· MCS-5-T4 means turbo coded 8PSK with same coding rate, interleaved over 4 bursts.

· MCS-5-T8 means turbo coded 8PSK with same coding rate, interleaved over 8 bursts:

In the following C/Ico stands for carrier to interference ratio, BLER stands for block error rate, TU3iFH is the TU3 ideal frequency hopping channel defined  in 3GPP TS 45.003.

Table 1: Performance Improvement of Turbo Coding with 8-PSK only vs. EGPRS Logical Channels in TU3iFH Co-Channel Scenario

	
	Co-Channel

	Modulation and Coding Scheme
	C/Ico (dB) @ 10% BLER
	Gain (dB) v MCS    @ 10% BLER

	MCS-5
	9.5
	-

	MCS-5-T4
	8
	1.5

	MCS-5-T8
	7
	2.5

	MCS-6
	12
	-

	MCS-6-T4
	10.5
	1.5

	MCS-6-T8
	9.5
	2.5

	MCS-7
	18
	-

	MCS-7-T4
	17
	1.0

	MCS-7-T8
	16
	2.0

	MCS-8
	24
	-

	MCS-8-T4
	23
	1.0

	MCS-8-T8
	22.5
	1.5


It is seen that the benefit from Turbo coding is larger for interleaving over 8 bursts rather than 4 bursts, in the case of ideal frequency hopping.

Thus it is more efficacious to send a single radio block interleaved over 8 bursts rather than 2 radio blocks, containing exactly the same total amount of data, each interleaved over 4 bursts, provided that the 8 bursts are on independent hopping frequencies.

At the same time there are three conditions that should be satisfied.

(A) It is desirable not to lengthen the transmission time of a radio block, i.e. to keep it at an average of 4 TDMA frame lengths (i.e. 20 ms), since doing so would have an adverse impact on latency. Therefore it is necessary for each TDMA frame to contain two bursts belonging to the radio block.

(B) To maintain ideal frequency hopping every burst comprising a radio block must be transmitted on a different hopping frequency.

(C) It is desirable for the mobile station to be able to use all possible uplink blocks for transmission, i.e. to change uplink frequency without leaving unused transmission slots to allow retuning of the transmitter frequency.

2 System Overview

The following outlines a solution which allows 8-burst radio frames to be transmitted while satisfying conditions (A), (B) and (C). It exploits the capabilities introduced by the dual downlink carrier architecture which permits instant frequency switching on the uplink carrier. It is shown how mobile handset having the resources to perform dual carrier receive on the downlink can also use these resources to achieve transmission on successive slots at different frequencies on the uplink, without needing a specific time gap provision for retuning of the transmitter.

In order to receive on dual carriers, a practical radio transceiver architecture (as shown in following figure) would contain two separate radio frequency modulator/ demodulator sections each containing a frequency synthesizer. The synthesizer are shared for transmitter and receiver functions and since only one carrier is transmitted at a time, only one synthesizer needs to be used at a particular time. Therefore the other synthesizer is available for other uses, in particular it can be tuning to a new frequency. Therefore the following figure illustrates a practical radio transceiver architecture, where one synthesizer can re-tune while another is active. 
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Figure 1 Dual Carrier receiver architecture (single antenna)

Using this architecture, the mobile can switch in microseconds between transmit frequencies. For example, while the first modem is active at frequency f1, the second modem can re-tune its synthesizer to new frequency f2. At the beginning of the next timeslot, the output of the first modem is switched off and the combining network uses the output of the second modem.

This lends itself naturally to the efficient support for radio frames comprising 8 bursts on both the uplink and downlink. The following figure illustrates a technique of transmitting radio blocks interleaved over 8 bursts at different hopping frequencies in both the downlink and the uplink. In the case of the downlink, the radio block is transmitted on two carriers and transmitted over 4 TDMA frames using legacy interleaving over 4 bursts. In the case of the uplink the radio block is transmitted on each uplink carrier in successive timeslots.
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Figure 2: Multiframe Structure

An analogous configuration can also be used for the transmission of two radio blocks, each having diversity over 8 frequencies, on the uplink and downlink. In the case of the downlink, two bursts belonging to each radio block (labelled B1 and B2) are transmitted during each TDMA frame, each on different carriers. 
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Figure 3: Multiframe Structure

Note that in this example, monitoring can be performed in timeslots 2 or 7.

The amount of data in the uplink and downlink direction need not be the same. The following illustration shows how up to 3 frames each interleaved over 8 bursts (24 bursts in all) could be sent on the uplink. Meanwhile, if not much data needs to be sent on the downlink, only 1 frame using the legacy interleaving over 4 bursts could be sent on the downlink.
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Figure 4: Multiframe Structure- asymmetric uplink/downlink

Note that in this example, monitoring can be performed in timeslot 2.

2.1 Advantages for Legacy Frame Structures

The ability to retune between uplink frequencies can also be beneficial with legacy 4 slot frames, by allowing load balancing between uplink carriers. An example of a balanced uplink and downlink configuration that this would make possible is shown in figure below, where two downlink and two uplink carriers are used. In each TDMA frame, 4 slots are received on the downlink and transmitted on the uplink, balanced over two carriers.
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Figure 5 Balanced uplink/ downlink configuration

3 Conclusion

It has been shown that

(1) it is beneficial to use radio frames with length increased to 8 bursts (from legacy 4 bursts) in conjunction with turbo coding.

(2) For a dual downlink carrier receiver, it is possible to transmit such frames on the uplink at the rate of two bursts per TDMA frame, while achieving 8-fold frequency diversity, without needing to devote slots to retuning.

4 Proposal

Standardisation work should proceed on the detailed definition of 8 burst turbo coded frames, based on a working assumption that a mobile equipped for dual carrier downlink can achieve instantaneous switching of uplink carrier frequency.

As an additional benefit the standards should permit legacy interleaved 4 burst uplink frames to be transmitted on different carriers in adjacent timeslots.

It is proposed that this material is added to the report on GERAN Evolution.

5 References

Ref [1]: 3GPP temporary document file GP-062722.zip, GERAN28 Brussels
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