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Signalling for TFC selection in the uplink for the Flexible Layer One

1 Introduction

At GERAN#14, Siemens presented a proposal for an algorithm for the selection of the TFC to be used in the uplink [1]. At GERAN#15, the Change Request [2] to introduce the description of the algorithm in the FLO TR was agreed. However, some aspects of the algorithm are not defined yet; in the present contribution, some proposals to resolve the outstanding issues are made.

2 Summary of the algorithm for the GERAN

For FLO, it has been agreed that the TFC to be used in the uplink is selected by the MS. However, in order to select the best TFC during every TTI, the MS should have an estimate of the radio channel conditions (e.g. C/I). The problem is that the channel conditions in the UL are not known to the MS, but only to the network. Therefore, in the algorithm that has been agreed for the GERAN, the MS relies on assistance provided by the network to perform a selection.

A basic description of the algorithm is the following (see TR 45.902 [3]):

1. When defining the TFCS, the TFCs are ranked according to the radio conditions or signal quality required to achieved a specified quality of service
 (e.g. the higher the TFCI, the better the quality of the radio link required); this could be characterised, for example, in terms of RXLEV, BEP, the BLER on the different transport channels, or other parameters.

2. The ranking is communicated to the MS at call set-up by means of the order in which they are signalled in the assignment message: the TFCs are signalled in the assignment message in increasing order of quality of the link required
.

3. Based on the measurement performed by the BSS, the network determines periodically within a call the “highest TFC” that, with the current radio conditions, would meet the quality of service criteria.

4. The network sends in the downlink (e.g. on the SACCH) the indication of such TFC, signalling its associated TFCI.

5. The MS will be allowed to use only TFCs whose TFCI is lower than the TFCI indicated by the network
. The MS then selects the particular TFC to be used for transmission in the uplink, for example according to the priority of the data available to be transmitted and other scheduling criteria.

In practice, the network signals to the MS which TFCs are suitable based on the current radio channel conditions and signal quality; the MS then selects the actual TFC to be used for transmission in the next radio packet, for example according to the data available to be sent and its priority. In order to have consistent behaviour from all mobiles, the rules for uplink scheduling should be standardised. This is the approach taken in the UTRAN, and should be followed in the GERAN as well. The fact that the rules are standardised will also help during the testing phase, because in the same scenario it can be expected that the behaviour of different terminals (from different manufacturers) will be the same.

The TFCS should be defined in such a way that, whatever the radio conditions, a TFC exists in the valid set that allows the transmission of any TBF that could be active. It could also be possible to define a “minimum set” in the GERAN, similarly to what is done in the UTRAN.

As an example, let’s consider the case in which 10 TFCs are defined in the TFCS, and the network signals that TFC#6 is the highest TFC that the MS is allowed to use. Then the MS is allowed to select only TFC#1 to TFC#6 (the set highlighted in green in Figure 1). The selection of the TFC to be used in the uplink will be made by the MAC layer in the MS, according to rules and criteria that will be standardised.
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Figure 1
3 Signalling the “highest TFC”

One of the issues that are still open is how the “highest TFC” can be signalled to the MS. This is studied in this section. 

In order to keep the solution simple, Siemens propose that when signalling the “highest TFCI”, the sequence that is used in the downlink always corresponds to the 5-bit TFCI, regardless of the number of bits used to signal the TFCI corresponding to the TFC of the radio packet sent in the downlink.

3.1 GMSK full-rate channels

In order to illustrate the different possible alternatives, in this section we will restrict the analysis to the case of GMSK modulated full-rate channels; in section 3.2 the concepts will be extended to the case of 8-PSK modulated full-rate channels, whereas in sections 3.3 and 3.4 the case of half-rate channels will be discussed.

3.1.1 Signalling an absolute value

There are three possible methods for the network to signal the “highest TFC” to the MS:

· inband signalling

· using bits from the SACCH channel associated with the dedicated traffic channel

· use the SACCH/TP and associate with it a new signalling channel instead of the EPCCH. 

“Inband signalling” means that the TFCI corresponding to the “highest TFC” is included in every downlink radio packet
. This has the advantage that a new value of the “highest TFC” could be signalled to the MS every 20 ms, and therefore the adaptation to the channel conditions is very fast. The disadvantage is that signalling it in each radio packet will consume radio resources and will lead to a degradation of performance (e.g. a higher C/I will be required in order for the transport blocks carried in the radio packet to achieve the same BLER). In fact, for certain applications, fast adaptation may not be required, and in that case inband signalling may lead to a waste of resources.

A possible compromise could be to spread the bits of the “highest TFCI” over several radio packets. Assuming that an encoded TFCI sequence is made up of N bits, and that n of those bits are transmitted in each radio packet, then the adaptation period (i.e. the time required to transmit a new value of the TFCI) is:
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In the document we will assume that N is always equal to the number of encoded bits corresponding to the 5-bit TFCI (e.g. 36 bits in the case of GMSK full-rate channels); however, it could also be decided that N should be equal to the size of the TFCI used in the downlink. Concerning the value of n, one possible arrangement is such that only two bits are “stolen” from each radio packet (n = 2). This means that 18 radio packets are needed to send a 36-bit TFCI, which corresponds to 360 ms. Alternatively, 8 bits every radio packet could be “stolen” to send the encoded TFCI (n = 8) 
. This would make the signalling even faster, as one new value of the TFCI can be signalled every 100 ms.

As already indicated, inband signalling has the disadvantage that fewer bits in a radio packet are used to carry useful information, and therefore the physical layer performance will be somewhat degraded. However, if the number of bits stolen to signal the “highest TFC” is small, then the degradation will be limited.

Figure 2 shows the current format of radio packet for the Flexible Layer One (before the operation of interleaving), whereas Figure 3 shows the new format according to the proposal above, detailing a possible position of the inband bits. The user data is the bit string that results from the rate matching algorithm and the transport channel multiplexing (i.e the CCTrCH).
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Figure 2 – Current format of a radio packet for the Flexible Layer One
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Figure 3 – Possible new format of a radio packet

The second alternative is to signal using the SACCH. In a SACCH message, 2 spare bits are currently available; they are contained in the SACCH header, as shown in subclause 7.1.1 (for A/Gb mode) and 7.1.2 (for Iu mode) of TS 44.004. Signalling a TFCI would require 5 bits (in this case the TFCI can be sent uncoded, as the bits will be protected by the channel coding of the SACCH block); therefore it is not possible to signal the “highest TFC” in a single SACCH message, but it is necessary to spread the 5 bits over 3 SACCH messages. In this case the update period  is 3 · 480 ms = 1440 ms = 1.44 seconds.

A third alternative would be to use the SACCH/TP, similarly to what is done for Enhanced Power Control (EPC), but instead of having the EPCCH associated with it, send in parallel a new channel, which is used to signal the TFCI. Since 12 bits are available in each SACCH/TP burst, and the transmission of a TFCI requires 36 bits (when coded), it would take three SACCH bursts to signal a TFCI. There are two alternatives:

1) a new value of the TFCI is sent every three SACCH bursts, i.e. every 360 ms

2) a new value of the TFCI is sent every four SACCH bursts (480 ms), in order to align with a SACCH block period

The disadvantage of this approach is that EPC could not be used with FLO, and this represents a major drawback.

In all the three schemes, the major problem is the delay for the BTS to perform the measurements and for the network to signal the “highest TFC” to the MS (this will depend on the particular scheme used to signal it); if the channel conditions vary rapidly and the adaptation rate is too slow, the performance of this procedure may not be very good.

3.1.2 Signalling of a relative value

In the previous cases, it has been assumed that, during each period, the “highest TFC” that the MS can use (i.e. an absolute value) is signalled. One alternative arrangement would be, rather than signalling the “highest TFC”, to signal whether the “highest TFC” should shift up or down with respect to the current value held by the MS (i.e. a relative value), similarly to what is done for the codec mode adaptation for the AMR. The initial value of the “highest TFC” could be signalled in the assignment message, together with the TFCS configuration.

In case the two spare bits in the SACCH header are used, a command could be encoded using two bits as follows:

00
HOLD

keep current value

01
DOWN
move one position down

10
UP

move one position up

11
FAST
move two positions in the same direction as the preceding

command [UP/DOWN]

One command can therefore be sent once every 480 ms using the spare bits.

In the case of the use of a channel in parallel with the SACCH/TP (alternative to the EPCCH channel), an uncoded message of 2 bits could be encoded using the 12 bits available in each SACCH burst (i.e. the 12 bits that are not used by the SACCH/TP). By doing so, a new message can be sent every 120 ms. This option would also be more suitable for inband signalling. Again, if two bits are stolen from each radio packet and an encoded message is made up of 12 bits, then one command can be sent every 120 ms. But if 6 bits are stolen from every radio packet, then a 12-bit message can be sent in two TTIs, i.e. 40 ms.

The advantage of a relative addressing is that the adaptation to the channel is faster, however the “highest TFC” can be varied in smaller steps.

3.1.3 Summary

A summary of the alternatives described in this section is given in Table 1. In the table, the update period is given for each alternative scheme.

	How

to signal
What 

to signal
	SACCH Header

(2 uncoded bits every 480ms)
	Channel associated with SACCH/TP

(12 coded bits every 120ms)
	“In band”

(2 coded bits every radio packet)
	“In band”

(6 coded bits every radio packet)
	“In band”

(8 coded bits every radio packet)

	Absolute value
	3×480ms = 1440ms

(5-bit uncoded TFCI)
	360ms

(36-bit coded TFCI)
	360ms

(36-bit coded TFCI)
	120ms

(36-bit coded TFCI)
	100ms

(36-bit coded TFCI)

	Relative value
	480ms

(2-bit uncoded command)
	120ms

(12-bit coded command)
	120ms

(12-bit coded command)
	40ms

(12-bit coded command)
	40ms

(12-bit coded command)


Table 1 - Possible alternatives for signalling the “highest TFC” (GMSK full-rate channels)

3.2 8-PSK full-rate channels

As explained in subclause 7.5 of TR 45.902, for 8-PSK modulated basic physical subchannels the number of bits in an encoded TFCI sequence is twice as those of GMSK channels. Therefore, the values given in Table 1 need to be revised as shown in Table 2. However, the SACCH is always transmitted using GMSK; therefore it is only the inband solutions that will be different: the two solutions that use either the SACCH header or a new channel sent in parallel to the SACCH/TP are not affected (it is assumed that in these two cases, the TFCI sequences defined for GMSK full-rate channels would be used).

It has been assumed that in order to signal a relative value inband, a 24-bit sequence is used, which corresponds to twice the length as in the case of GMSK full-rate channels. By doing so, the adaptation rate is the same.

	How

to signal
What 

to signal
	SACCH Header

(2 uncoded bits every 480ms)
	Channel associated with SACCH/TP

(12 coded bits every 120ms)
	“In band”

(4 coded bits every radio packet)
	“In band”

(12 coded bits every radio packet)
	“In band”

(16 coded bits every radio packet)

	Absolute value
	3×480ms = 1440ms

(5-bit uncoded TFCI)
	360ms

(36-bit coded TFCI)
	360ms

(72-bit coded TFCI)
	120ms

(72-bit coded TFCI)
	100ms

(72-bit coded TFCI)

	Relative value
	480ms

(2-bit uncoded command)
	120ms

(12-bit coded command)
	120ms

(24-bit coded command)
	40ms

(24-bit coded command)
	40ms

(24-bit coded command)


Table 2 - Possible alternatives for signalling the “highest TFC” (8-PSK full-rate channels)

Note that in the case of the inband solutions, in order to keep the signalling rate the same as for GMSK full-rate channels, 4 coded bits are “stolen” either from a radio packet, rather than 2 symbols (6 bits) as in the cases described in section 3.1.

3.3 GMSK half-rate channels

In the case of GMSK half-rate channels, the coding of the TFCI is obtained by using only the middle segment of the coding defined for GMSK full rate channels (see subclause 7.5 of TR 45.902 [3]). This means that the TFCI sequences contain only half the number of bits as in the case of full-rate channels. Given that also half the number of bits is available in a radio packet, it is proposed that, for inband solutions, only half the number of bits than in the corresponding cases for GMSK full-rate channels are “stolen” from each radio packet. By doing so, the signalling rate does not vary with respect to the case of full-rate channels, as shown in Table 3.

When signalling a relative value inband, it has been assumed that a 6-bit sequence is used. This would allow maintaining the same adaptation rate as in the case of full-rate channels; however, the error rate for the commands may be higher than in the case of GMSK full-rate channels, and this is an aspect that needs to be investigated through simulation.

	How

to signal
What 

to signal
	SACCH Header

(2 uncoded bits every 480ms)
	Channel associated with SACCH/TP

(12 coded bits every 120ms)
	“In band”

(1 coded bits every radio packet)
	“In band”

(3 coded bits every radio packet)
	“In band”

(4 coded bits every radio packet)

	Absolute value
	3×480ms = 1440ms

(5-bit uncoded TFCI)
	360ms

(36-bit coded TFCI)
	360ms

(18-bit coded TFCI)
	120ms

(18-bit coded TFCI)
	100ms

(18-bit coded TFCI)

	Relative value
	480ms

(2-bit uncoded command)
	120ms

(12-bit coded command)
	120ms

(6-bit coded command)
	40ms

(6-bit coded command)
	40ms

(6-bit coded command)


Table 3 - Possible alternatives for signalling the “highest TFC” (GMSK half-rate channels)

3.4 8-PSK half-rate channels

In the case of 8-PSK half-rate channels, the coding of the TFCI is obtained by using only the middle segment of the coding defined for 8-PSK full rate channels (the number of bits is the same as in the case of GMSK full-rate channels). The update times for this case are given in Table 4.

	How

to signal
What 

to signal
	SACCH Header

(2 uncoded bits every 480ms)
	Channel associated with SACCH/TP

(12 coded bits every 120ms)
	“In band”

(2 coded bits every radio packet)
	“In band”

(6 coded bits every radio packet)
	“In band”

(8 coded bits every radio packet)

	Absolute value
	3×480ms = 1440ms

(5-bit uncoded TFCI)
	360ms

(36-bit coded TFCI)
	360ms

(36-bit coded TFCI)
	120ms

(36-bit coded TFCI)
	100ms

(36-bit coded TFCI)

	Relative value
	480ms

(2-bit uncoded command)
	120ms

(12-bit coded command)
	120ms

(12-bit coded command)
	40ms

(12-bit coded command)
	40ms

(12-bit coded command)


Table 4 - Possible alternatives for signalling the “highest TFC” (8-PSK half-rate channels)

4 Conclusions and further work

With FLO, the TFC to be used in the uplink is selected by the MS with the assistance of the network. In this contribution, Siemens has presented several proposals for how the information can be provided by the network to the MS. All the schemes are applicable both to A/Gb mode and to Iu mode.

It is recommended that these proposals are discussed and one solution is agreed. Siemens has provided in a companion document [5] simulation results showing the performance of the proposed schemes in one particular scenario. Tdoc [6] contains a Change Request to the FLO TR, with a text proposal describing the algorithm that Siemens believe should be included in the GERAN specifications.

There are still some aspects of the procedure that that are not yet clarified. One of them is how priorities between different TBFs are defined; another one is the criteria used by the MS to choose the TFC within the set of valid TFCs. Their definition will require further investigation.
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� For example, the requirement could be that, with the current radio conditions, the transport blocks sent on all the TrCHs included in the TFC are received with a BLER lower than a specified value (e.g. 1%).


� It has been agreed to use in the GERAN the same mechanism that is used in the UTRAN, whereby the TFCIs are not signalled explicitly in the configuration messages, but are associated to the TFCs in the order in which they are received by the UE in a Layer 3 message. For example, the first TFC to be signalled will be assigned a TFCI=0, the second TFC will be assigned a TFCI=1, etc. (in case of full rate channels, TFCI = 0 is assigned to the signalling TFC). With this mechanism, if the TFCs are signalled in increasing order of required link quality, the TFCs that require better channel conditions will be associated with higher TFCIs.


� Some of those TFCs may be restricted for use by higher layer signalling. In that case, the MAC Layer will not consider them as possible candidates for selection.


� One radio packet is sent every 20 ms.


� In the case of GMSK full-rate channels, the case of n = 8 could also be achieved by stealing two bits from each radio burst. These two bits could be – for example – the bits adjacent to the TSC (i.e. the stealing flags). However, this would require some changes to the existing interleaving algorithm for FLO.
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