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Downlink Dual Carrier MS Multislot Capabilities
1 Preface

Recently there have been proposals for evolving the GSM/GPRS system in which the mobile handset supports two receive paths on the downlink, i.e. simultaneous reception by the mobile handset on two different carriers during the same slot. This is referred to as “downlink dual carrier”. Receive and transmit operations are mutually exclusive; while transmission is active, reception cannot be performed by either path (although operations in preparation for reception can). Therefore one receive path can share tuning resources with the transmit path. The other receive path uses independent tuning resources.

The operations of the receive path that does not share tuning resources with the transmit path are not constrained by the requirements of participating in the transmit operation. To reflect this freedom it is useful to define new strategies for performing measurements and line turnaround.

2 System Overview

The following diagram is an illustrative block diagram of a possible implementation of a dual downlink carrier mobile station. Since the system as illustrated uses standard modem components it actually contains two transmit paths, only one of which would normally be used. As a result, the receive path which uses the modem not used by the transmit path would be able to perform tuning actions  independently of the transmit path. 
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Figure 2 Dual Carrier Transmit and Receive Paths

3 Proposed Measurement and Turnaround Strategy

The mobile station informs the network of the capabilities of its receiver and transmitter path by declaring a multislot class, which is characterised by parameters as follows:-

(a) The parameters Tta, Ttb, Tra, Tta are called ‘turnaround parameters’ in what follows. Typically these parameters are related to the performance of the radio frequency components, for example the synthesizer, which requires time to achieve stabilization. 

(b) The parameters Rx, Tx, Sum are typically constrained by baseband performance, for example signal processor speed, and will be called the ‘throughput capability parameters’ in what follows

There are two downlink timeslots that cannot be used for transmission of data on the downlink with a legacy mobile. These are 

(1) The downlink slot immediately before the first transmit slot. Due to timing advance, the downlink slot immediately before a transmit slot overlaps the transmit slot by up to the maximum timing advance (64 bits), so it cannot be used to receive data on the downlink timeslot.

(2) The downlink slot immediately after the last transmit slot. For if the timing advance were zero, it would require instant retuning from the transmit frequency to the receive frequency. [Note: to overcome this constraint, the standards do allow the base station to introduce an ‘artificial’ minimum timing offset of 31 symbol periods, i.e. 20% of a timeslot. Then provided the mobile can switch from transmit to receive in 31 symbol periods, it can use this slot for receive. However this method has the drawback that the usable timing offset range is reduced, leading to possible planning issues with legacy networks, and is not further considered].
Although these timeslots cannot be used for downlink data transfer, in order not to waste resources they can be used for performing neighbour cell measurements. The legacy situation is illustrated in the following diagram. This illustrates two cases, for a tuner capable of class 12 operation and a tuner capable of class 30-34 operation.  The relevant parameter values are:-

	Class
	Tta
	Ttb
	Tar
	Trb

	12
	2 
	1
	2
	1

	30-34
	2
	1
	1
	1


A turnaround and measurement method normally used by legacy mobiles is illustrated in the figure below. As illustrated, it is necessary to perform a retune operation in order to prepare to receive data on a given frequency channel, perform a measurement on a given frequency channel or transmit data on a given frequency channel.

[image: image2.emf]tune tune tune

Legacy Measurement and Turnaround operation

rx

t

ra

=2

Class 12 Turnaround and measurement

tx

mon rx

t

tb 

=1-t

o

1 2 1 2

T

rb

T

ra

T

tb

T

ta

tune tune tune

rx

tx

rx mon rx

t

tb 

=1-t

o

t

ra

=1

Class 30-34 Turnaround and measurement

timing advance

1 1 1 2

T

rb

T

ra

T

tb

T

ta

tune

Key:  =retune =measurement

mon rx

=rx =tx

tx

timing advance


Figure 3 Legacy turnaround and monitoring 

The requirement to reserve time for measurement and turnaround means that the number of slots that can be used to receive downlink data is restricted. For a legacy terminal which has class 12 turnaround parameters, given that 1 slot must be transmitted on the uplink, at most 4 slots can be received. For a legacy terminal which has class 30-34 turnaround parameters at most 5 slots can be received. This restriction exists regardless of the throughput capability parameters i.e. Rx, Tx, Sum.

We now show that by defining suitable strategies during the measurement and turnaround operation, it is possible to more than double the peak downlink data rate. It might be expected that dual carrier terminal with class 12 turnaround parameters could only double its downlink capability, i.e. from 4 to 8 slots. In fact it can achieve 11 slots. Also a dual carrier terminal with class 30-34 turnaround parameters can more than double its receive capability from 5 to 11 slots. This is achieved as follows. 

A. For a dual carrier mobile station with class 12 turnaround or class 30-34 turnaround, the timeslot immediately after the tx operation is used for reception by the receive path that does not share tuning resources with the transmit path.

B. Also, measurement can be performed by the receive path that does not share tuning resources with the transmit path, by using the receive timeslot just before the first tx timeslot. 

In the following diagram the proposed turnaround and measurement strategy is illustrated for a dual downlink carrier mobile with class 12 turnaround capability. The measurement action is performed by the receive path that does not share tuning resources with the transmit path, during the receive timeslot preceding the first transmit timeslot. For convenience this time is denoted Tmon , the time required to perform a measurement operation. Tmon can be calculated as the difference between Tta and Ttb  (which is 1 for these classes) since this difference represents the additional time needed to perform measurement over and above the time needed to retune to a new receive frequency. In practice Tmon may be reduced by an amount equal to the timing advance.

In addition the receive path that does not share tuning resources wit the transmit path has enough time to retune during timeslot during which the transmitter is active (since  Trb =1). Therefore this receive path can perform a receive operation on the first timeslot following the transmit timeslot.
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Figure 4 Dual receive path turnaround and monitoring 

Maximum downlink allocation is shown in the following figure assuming class 12 measurement and turnaround capability, which compares legacy single carrier operation and for proposed dual downlink carrier operation.
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Figure 5 Peak Rx Slot allocation, for single/dual downlink, class 12

The maximum number of downlink timeslots that can be allocated is increased from 4 slots per TDMA frame to 11 slots per TDMA frame, more than doubling the peak downlink data rate.

The same turnaround and measurement strategy can be used by mobile stations with class 30-34 turnaround parameters. In this case the peak downlink data rate is also more than doubled, from 5 slots to 11 slots per TDMA frame. This is illustrated below.
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Figure 6 Peak Rx Slot allocation, for single/dual downlink, class 30-34

In this case the parameters Tra, Tta Trb, Ttb  are generalized with the following meaning (italics show changes to legacy definitions). With these changes, it is not necessary to introduce new parameters to deal with the dual receiver case:

	Parameter
	meaning

	Tta:
	Tta relates to the time needed for the MS to perform adjacent cell signal level measurement and get ready to transmit.

It is the minimum number of timeslots that will be allowed between the end of the previous transmit or receive TS and the next transmit TS when measurement is to be performed between and the receive path for measurement shares tuning resources with the transmit path. It should be noted that, in practice, the minimum time allowed may be reduced by amount of timing advance.



	Ttb:
	Ttb relates to the time needed for the MS to get ready to transmit. 

It is the minimum number of timeslots that will be allowed between the end of the last previous receive TS and the first next transmit TS where the receive path shares tuning resources with the transmit path or between the previous transmit TS and the next transmit TS when the frequency is changed in between. It should be noted that, in practice, the minimum time allowed may be reduced by the amount of the timing advance.

	Tra:
	Tra relates to the time needed for the MS to perform adjacent cell signal level measurement and get ready to receive.

It is the minimum number of timeslots that will be allowed between the previous transmit TS, where the receive path shares tuning resources with the transmit path , or the previous receive TS on that receive path,  and the next receive TS when measurement is to be performed between.

	Trb
	Trb relates to the time needed for the MS to get ready to receive. It is the minimum number of timeslots that will be allowed between the previous transmit TS and the next receive TS of a shared receive path or between the previous receive TS and the next receive TS of a given receive path when the frequency is changed in between.


In addition to the values of the turnaround parameters, it is necessary to allow the mobile station to inform the network of its throughput capability parameters. Since downlink data can be received by more than one receive path, it is necessary to generalize the definition of these parameters from those used for legacy mobile stations. Specifically, it is not sufficient just to limit the number of timeslot that can be used for reception. Rather, it is necessary to limit the number of timeslots totalled over each receive path. Suitably generalized definitions are as follows:-

	Parameter
	meaning

	Rx
	Rx describes the maximum number of receive timeslots (TS) that the MS can use per TDMA frame counting timeslots on different receive paths separately. The MS must be able to support all integer values of receive TS from 0 to Rx. The receive TS need not be contiguous. The receive TS shall be allocated within window of size Rx, and no transmit TS shall occur between receive TS within a TDMA frame.

	Tx
	(no changes from legacy definition)

	Sum:
	Sum is the total number of uplink and downlink TS that can actually be used by the MS per TDMA frame counting timeslots on different receive paths separately. The MS must be able to support all combinations of integer values of Rx and Tx TS where 1 <= Rx + Tx <= Sum.


The restriction that reception cannot take place on any receive path, at the same time the mobile station is transmitting, still applies. 

In principle this concept can be extended to more than two downlink receivers, but at present this is not proposed within GERAN standardization.

4 Conclusion

It has been shown that by using appropriate measurement and turnaround strategies, data rate gains of over 100% can be achieved by dual downlink carrier mobile stations. However in order to allow this the definitions of the turnaround parameters (Tta, Ttb, Tra, Tta ) and the throughput capability parameters (Rx, Tx, Sum) need to be generalized.

5 Proposal

It is proposed that

(1) The generalized definitions above of the parameters (Tta, Ttb, Tra, Tta Rx, Tx, Sum) are adopted

(2) The measurement and turnaround strategies illustrated above are taken into account when defining multislot classes for dual receiver mobiles.

(3) That the above description is incorporated in the feasibility study for GERAN Evolution.

[END OF DOCUMENT]
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