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Signalling for TFC selection in the uplink for the Flexible Layer One: Further Simulation results

1 Introduction

At GERAN#19, simulation results for comparing different update periods for Transport Format Combination selection in the uplink were presented [1]. The example was based on a possible VoIP FLO configuration using RLC unacknowledged mode. The conclusion from that document was that an update period of 120ms should be used with “absolute signalling” of the TFC. An accompanying CR to TR 45.902 was also presented in [2].

The present document compares the performance of the 120ms update period with a 20ms update period, to assess whether or not there is any benefit to signalling the TFC faster. Two examples are considered, one for unacknowledged mode carrying AMR (with GMSK modulation) and one with acknowledged mode optimised for maximum throughput (with 8PSK modulation).

2 Simulations

The alternatives to signal the highest TFC to be used in the uplink are shown in Table 1. 

	How

to signal
What 

to signal
	“In band”

(6 [GMSK] or 12 [8PSK] coded bits every radio packet)
	“In band”

(24 [GMSK] or 48 [8PSK] coded bits every radio packet)
	“In band”

(36 [GMSK] or 72 [8PSK] coded bits every radio packet)

	Absolute value

 (GMSK)
	120ms

(36-bit coded TFCI)
	20ms

(24-bit coded TFCI)
	20ms

(36-bit coded TFCI)

	Absolute value

(8PSK)
	120ms

(72-bit coded TFCI)
	20ms

(48-bit coded TFCI)
	20ms

(72-bit coded TFCI)


Table 1: Simulated alternatives for TFC signalling (full-rate channels).

The following two scenarios were simulated with different TFC update periods:

· Unacknowledged mode with AMR: A Transport Format Combinations (with GMSK modulation) with AMR payload using RLC unacknowledged mode optimised for a target FER of 1%.

· Acknowledged mode: A Transport Format Combinations (8PSK modulation) using RLC acknowledged mode optimised for maximum throughput.

Link level simulations were carried out to determine the performance of each TFC for both of the signalling alternatives, either 6 bits per radio packet were stolen, 24 bits per radio packet were stolen, or 36 bits per radio packet were stolen for the GMSK AMR simulations. For the RLC acknowledged mode simulations with 8PSK modulation, two alternatives were considered, either with 12 inband signalling bits per radio packet (120ms update period), or 48 inband signalling bits per radio packet (20ms update period; these 48 bits are used to signal an encoded 3-bit TFCI). BLER curves for each of the TFCSs can be found in the Annex A.

Table 2 and Table 3 show the required CIR to reach 1% FER for AMR TFCs and 10% BLER for RLC acknowledged mode, respectively, for 6, 12, 36 and 48 TFC signalling bits per radio packet. As can be observed, the differences in performance between the different schemes are relatively small. For TFC/AMR modes with high coding rates the differences are in the region of 0.2dB. As the coding rate of each TFC/AMR mode is reduced the differences increase, up to a maximum of approximately 0.5dB (for example, AMR10.2 with 6 TFC signalling bits compared to AMR10.2 with 36 TFC signalling bits).

	AMR mode
	Performance with 6 inband signalling bits per radio packet (dB)
	Performance with 24 inband signalling bits per radio packet (dB)
	Performance with 36 inband signalling bits per radio packet (dB)

	AMR4.75
	8.9 
	9.0
	9.1

	AMR 5.15
	9.3
	9.4
	9.5

	AMR 5.9
	10.1
	10.2
	10.2

	AMR 6.7
	11.0
	11.0
	11.0

	AMR 7.4
	11.4
	11.5
	11.6

	AMR 7.95
	11.9
	12.0
	12.3

	AMR 10.2
	14.3
	14.8
	14.8

	AMR 12.2
	19.0
	19.5
	19.6


Table 2: Performance of speech with no signalling, 6 and 24 inband signalling bits per radio packet.

	TFC
	Performance with 12 inband signalling bits per radio packet

at 10% BLER (dB)
	Performance with 48 inband signalling bits per radio packet

at 10% BLER (dB)

	TFC1
	5.1
	5.2

	TFC2
	7.2
	7.6

	TFC3
	9.0
	9.2

	TFC4
	12.0
	12.2

	TFC5
	15.0
	15.1

	TFC6
	17.4
	17.5


Table 3: TFC performance with 12 and 48 inband bits per radio packet (8PSK modulated).

The results summarized in the tables above demonstrate that it is feasible to signal the uplink TFC up to every 20ms without incurring too much performance loss (a maximum of 0.5dB and in some cases less that 0.1 dB) for the payload.

The performance of the inband signalling channel with 6 bits per radio packet (120ms update period), and 24 bits per radio packet (20ms update period) can be found in Annex A (see Figure 12).

2.1 RLC unacknowledged mode with AMR

The simulator used for these simulations is identical to the one used in the investigations described in [1]. Table 4 summarises the parameters used for the simulated scenarios using RLC unacknowledged mode.

	No. of RLC/MAC blocks simulated
	50000

	Traffic profile
	Voice over IP with AMR. See details in Table 5.

	Radio Channel Profile
	TU3 and TU50 with ideal frequency hopping. Log-Normal Fading, correlation distance: 20m, standard deviation: 7 dB.

	Physical channels
	Dedicated full rate channel (DBPSCH/F) with block interleaving. Uplink data transmission. GMSK modulation only.

	Power control
	No.

	Inter-cell/Intra-cell handover
	No.

	Radio link failure
	No.

	Multislot traffic channel
	1 timeslot.

	Error Protection
	Equal Error Protection (EEP).

	Link Adaptation
	Variable depending upon scheme.

	ROHC
	Header compression. 4 bytes compressed RTP/IP/UDP header.

	SNDCP functionality
	Unacknowledged mode. SNDCP header: 4 bytes.

	LLC functionality
	LLC is operated in unacknowledged mode. LLC header size: 3 bytes. FCS: 3 bytes. 


Table 4 - Simulation parameters.

Table 5 indicates the Transport Format Combinations used
. All TFCs are GMSK modulated. All the formats employ EEP. The size of the (uncoded) TFCI has been set to 3 bits. In each radio packet, a certain number of bits (as indicated in Table 1) have been used to signal the subset of the TFCS to be used in the uplink. 

	Transport format combination
	AMR mode
	ROHC compressed RTP/IP/UDP header
 (octets)
	SNDCP and LLC overhead
 (octets)
	RLC/MAC overhead
 (octets)
	AMR payload size (bits)
	Total payload size (bits)

	1
	5.15
	4
	10
	0
	103
	215

	2
	7.4
	4
	10
	0
	148
	260

	3
	10.2
	4
	10
	0
	204
	316

	4
	12.2
	4
	10
	0
	244
	356


Table 5: Transport Format Combinations.

For each simulation the update period of the link adaptation algorithm and the averaging period for the channel measurements is summarised in Table 6.

	Mechanism
	Link adaptation TFC update period
	Measurement averaging period

	Inband, Absolute
	20 ms
	120 ms

	Inband, Absolute
	120ms
	240ms


Table 6: Link adaptation TFC update period and measurement averaging period for each alternative.

2.2 RLC acknowledged mode

Table 7 summarises the parameters used for the simulated scenarios with RLC acknowledged mode.

	No. of RLC/MAC blocks simulated
	50000

	Radio Channel Profile
	TU3 with ideal frequency hopping. Log-Normal Fading, correlation distance: 20m, standard deviation: 7 dB. Interference, Rx power, fast and slow fading on each timeslot are assumed to be highly correlated.

	Physical channels
	Dedicated full rate channel (DBPSCH/F) with block interleaving. Uplink data transmission. Acknowledgments sent on the downlink channel
.

8PSK modulation only.

	Multislot traffic channel
	Two timeslots. High fading correlation between slots. The same interference is assumed for both timeslots.

	Error Protection
	Equal Error Protection (EEP).

	Link Adaptation
	Variable depending upon scheme.

	ROHC
	No header compression. 40 byte RTP/IP/UDP header.

	SNDCP functionality
	Unacknowledged mode. SNDCP header: 4 bytes.

	LLC functionality
	LLC is operated in unacknowledged mode. LLC header size: 3 bytes. FCS: 3 bytes. 

LLC frame concatenation. Frames discarded after an LLC discard time of 3 seconds. Frames which are in the process of being transmitted are not discarded even if their lifetime exceeds the LLC discard time. Buffer size = 4 LLC frames.


Table 7 - Simulation parameters.

Table 8 indicates the Transport Format Combination Set used. All TFC are 8PSK modulated.

	TFC
	Block size (octets)

	0
	22

	1
	44

	2
	66

	3
	88

	4
	110

	5
	132


Table 8: Transport Format Combination Set.

For each simulation the update period of the link adaptation algorithm and the averaging period for the channel measurements is summarised in Table 6.

	Mechanism
	Link adaptation TFC update period
	Measurement averaging period

	Inband, Absolute
	20 ms
	120 ms 

	Inband, Absolute
	120 ms
	240 ms


Table 9 – Link adaptation TFC update period and measurement averaging period for each alternative.

3 Simulation results

3.3 Unacknowledged mode with AMR

Figure 1 and Figure 2 show the SDU FER performance with an update period of 120ms and 20ms for TU3iFH and TU50iFH. With an update period of 20ms the case with 24 inband bits and 36 inband bits every radio packet are presented.
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Figure 1: SDU FER with RLC in un-acknowledged mode for TU3iFH.
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Figure 2: SDU FER with RLC in un-acknowledged mode for TU50iFH.

In general the performance for 120ms and 20ms TFC update periods is similar. For TU3iFH, 120ms update period performs marginally better. For TU50iFH, the performance of 120ms and 20ms update periods is approximately the same for CIR below 15dB. Above 15dB a difference of up to 1dB can be observed.

3.4 RLC Acknowledged mode

Figure 3 and Figure 4 show the throughput and SDU FER for RLC acknowledged mode for TU3iFH for TFC update periods of 120ms and 20ms. Similar results for TU50iFH are presented in Figure 5 and Figure 6. 
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Figure 3: Throughput with RLC in acknowledged mode for TU3iFH.
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Figure 4: SDU FER with RLC in acknowledged mode for TU3iFH
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Figure 5: Throughput with RLC in acknowledged mode for TU50iFH.
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Figure 6: SDU FER with RLC in acknowledged mode for TU50iFH.

For TU3iFH it can be seen that the performance is similar with 20ms or 120ms TFC update periods. The SDU FER with 120ms is marginally better than 20ms update period. For TU50iFH there is approximately 1dB gain in using an update of 20ms compared to 120ms. The gain for the SDU FER is around 0.5dB.

4 Further considerations 

An alternative proposal to signal the TFC to use in the uplink on an additional Transport Channel (TrCH) was presented in [3]. Unless the Transport channel using for signalling the TFC is predefined then there will be an extra signalling overhead at call setup compared to simply have a fixed number of bits allocated to the signalling channel. In Annex B, the additional signalling overhead required to signal the TFC signalling TrCH is assessed for a typical TFCS for AMR. The configuration contains both TFC combinations with and without the TFC signalling transport channel
. Table 10 shows the total number of bits required to signal the TFCS in the two cases.

	Uplink TFC signalling method
	Total number of bits required to signal

	Fixed number of bits
	250

	Additional TrCH
	327


Table 10: Number of bits required to signal the TFCS.

As can be observed, in this example, an additional 77 bits are required to signal the additional Transport Channel and the additional Transport Format Combinations in the case that a Transport Channel is used compared to reserving a fixed number of bits.

One additional point to raise is that since the signalling mechanism for the uplink has not yet been taken into account in the definition of the reference TFCs in TS 45.005. Once the mechanism is agreed, and in particular the number of inband bits, new simulations to derive the reference performance may be required. It is worth noting that this will affect only the performance in the downlink.

5 Conclusions

The present document demonstrates that in the cases considered here the performance of the example FLO configurations with 120ms and 20ms are similar. For TU3iFH the performance of the two schemes is very similar. For TU50iFH there is a gain of up to approximately 1dB when using an update period of 20ms compared to 120ms. Although the differences between 120ms and 20ms are small, there are some gains in using faster update periods up to every 20ms. It has also been demonstrated that the performance loss in stealing between 6 and 36 bits in every radio packet for GMSK and between 12 and 48 bits for 8PSK, is less than 0.6dB even for TFCs with low coding rates. Hence, one possible alternative to signalling the TFC every 120ms is to allow the signalling of the TFC every 20ms and steal 36 or 72 bits in every radio packet. An optimisation to the link layer performance can be obtained by using a “relative” TFC signalling mechanism and stealing fewer bits.

One drawback with using a Transport Channel to signal the TFC to use in the uplink is that more bits are required to signal the TFCS at call setup
. In view of this, it is preferred to reserve an inband channel for uplink TFC signalling.

Accompanying CRs to TR 45.902 and TS 45.003 to introduce an inband signalling channel with an update period of 120ms can be found in [4] and [5]. In view of the results contained in this contribution the CRs could possibly be revised to change the update period to 20ms.
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7 Annex A
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Figure 7: AMR performance curves with 6 Inband signalling bits per radio packet.
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Figure 8: AMR performance curves with 24 Inband signalling bits per radio packet.
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Figure 9: AMR performance curves with 36 Inband signalling bits per radio packet.
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Figure 10: TFC (RLC AM) performance curves with 12 Inband signalling bits per radio packet.
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Figure 11: TFC (RLC AM) performance curves with 48 Inband signalling bits per radio packet.
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Figure 12: Performance of the 36 bit TFC signalling channel with 6 inband bits per radio packet (120ms update period),and the performance of the 24 bit TFC signalling channel with 24 inband bits per radio packet (20ms update period)

8 Annex B

In this section the number of bits required to signal the TFCS for the following two cases is assesses:

· With a fixed number of bits is used to signal the TFC to use in the uplink.

· With an additional TrCH to signal the TFC to use in the uplink.

Table B-1 summarises the semi-static parameters that need to be signalled for each TrCH.

	Parameter
	Range/Value
	No of bits

	CRC size
	0,6, 12 or 18
	2

	Rate matching attribute
	1...256
	8


Table B-1: Semi-static  attributes indicated by Layer 3 for each TrCH

For each transport channel, 10 bits are needed to define the semi-static parameters. 

Figure B-1 depicts the TFCS used in this example as can be found in 45.902.
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Figure B-1: AMR Transport Format Combination Set.

· With a fixed number of bits for the TFC signalling channel:

With 3 transport channels 30 bits are needed to signal the semi-static parameters.

The Transport Channels are defined as:

TrCH#1: {0, 41, 57, 77 ,83}; L1 = 5  

TrCH#2: {0, 56, 63, 84, 163}; L2 = 5  

TrCH#3: {0,184}; L3 = 2  

The Pi values can then be calculated for each transport format:


 P1 = L0 = 1;


P2 = L0 ( L1  = 1 ( 5 = 5; 


P3 = L0 ( L1 ( L2  = 1 ( 5 ( 5 = 25.

And for the CTFCs the values are:


 CTFC(0, 0, 1) = (0(1) + (0(5) + (1(25) = 25. 
-- TFC1 for Signalling


 CTFC(1, 0, 0) = (1(1) + (0(5) + (0(25) = 1; 
-- TFC2 for SID_UPDATE and SID_FIRST


 CTFC(1, 1, 0) = (1(1) + (1(5) + (0(25) = 6;
-- TFC3 for AMR 4.75 kbit/s


 CTFC(2, 2, 0) = (2(1) + (2(5) + (0(25) = 12;
-- TFC4 for AMR 5.90 kbit/s


 CTFC(3, 3, 0) = (3(1) + (3(5) + (0(25) = 18;
-- TFC5 for AMR 7.95 kbit/s


 CTFC(4, 4, 0) = (4(1) + (4(5) + (0(25) = 24;
-- TFC6 for AMR 12.2 kbit/s

The largest value of the CTFC is 25 requiring 6 bits. The total number of bits required to signal the TFCs is 6·6 = 36 bits.

For the dynamic parameters the total number of bits required is:

	
	Bits needed to signal the number of TFs
	Bits needed to signal the block size for all TFs
	

	TrCH#1
	5 bits
	5 (13 = 65 bits
	

	TrCH#2
	5 bits
	4 (13 = 52 bits
	

	TrCH#3
	5 bits
	4 (13 = 52 bits
	

	Total
	15 bits
	169 bits
	Grandtotal: 184 bits


The total number of bits required to signal the TFCS is:

Semi-static parameters


  
30 bits

Dynamic parameters



184 bits

Transport Format Combination information
36 bits


Total





250 bits

· With an additional TrCH for the TFC signalling channel  the TFCS becomes

With 4 transport channels 40 bits are needed to signal the semi-static parameters.

The Transport Channels are defined as:

TrCH#1: {0, 3}; L1 = 2  

TrCH#2: {0, 41, 57, 77 ,83};  L2 = 5

TrCH#3: {0, 56, 63, 84, 163}; L3 = 5

TrCH#4: {0,184}; L4 = 2

The Pi values can then be calculated for each transport format:


 P1 = L0 = 1;


P2 = L0 ( L1  = 1 ( 2 = 2; 


P3 = L0 ( L1 ( L2  = 1 ( 2 ( 5 = 10.


P4 = L0 ( L1 ( L2 ( L3  = 1 ( 2 ( 5 ( 5 = 50.

And for the CTFCs the values are:

 CTFC(1, 0, 0, 1) = (1(1) + (0(2) + (0(10) + (1(50) = 51. 
-- TFC1 for Signalling with Uplink TFC signalling(UTS)

 CTFC(1, 1, 0, 0) = (1(1) + (1(2) + (0(10) + (0(50) = 3; 
-- TFC2 for SID_UPDATE and SID_FIRST with UTS

 CTFC(1, 1, 1, 0) = (1(1) + (1(2) + (1(10) + (0(50) = 13;
-- TFC3 for AMR 4.75 kbit/s with UTS

 CTFC(1, 2, 2, 0) = (1(1) + (2(2) + (2(10) + (0(50) = 25;
-- TFC4 for AMR 5.90 kbit/s with UTS

 CTFC(1, 3, 3, 0) = (1(1) + (3(2) + (3(10) + (0(50) = 37;
-- TFC5 for AMR 7.95 kbit/s with UTS

 CTFC(1, 4, 4, 0) = (1(1) + (4(2) + (4(10) + (0(50) = 49;
-- TFC6 for AMR 12.2 kbit/s with UTS

 CTFC(0, 0, 0, 1) = (0(1) + (0(2) + (0(10) + (1(50) = 50.
-- TFC1 for Signalling without UTS.

 CTFC(0, 1, 0, 0) = (0(1) + (1(2) + (0(10) + (0(50) = 2; 
-- TFC2 for SID_UPDATE, SID_FIRST without UTS

 CTFC(0, 1, 1, 0) = (0(1) + (1(2) + (1(10) + (0(50) = 12;
-- TFC3 for AMR 4.75 kbit/s without UTS

 CTFC(0, 2, 2, 0) = (0(1) + (2(2) + (2(10) + (0(50) = 24;
-- TFC4 for AMR 5.90 kbit/s without UTS

 CTFC(0, 3, 3, 0) = (0(1) + (3(2) + (3(10) + (0(50) = 36;
-- TFC5 for AMR 7.95 kbit/s without UTS

 CTFC(0, 4, 4, 0) = (0(1) + (4(2) + (4(10) + (0(50) = 48;
-- TFC6 for AMR 12.2 kbit/s without UTS

The largest value of the CTFC is 51 requiring 6 bits. The total number of bits required to signal the TFCs is 12·6 = 72 bits.

For the dynamic parameters the total number of bits required is:

	
	Bits needed to signal the number of TFs
	Bits needed to signal the block size for all TFs
	

	TrCH#1
	5 bits
	5 (13 = 65 bits
	

	TrCH#2
	5 bits
	4 (13 = 52 bits
	

	TrCH#3
	5 bits
	4 (13 = 52 bits
	

	TrCH#4
	5 bits
	2 (13 = 26 bits
	

	Total
	20 bits
	195 bits
	Grandtotal: 215 bits


The total number of bits required to signal the TFCS is:

Semi-static parameters


  
40 bits

Dynamic parameters



215 bits

Transport Format Combination information
72 bits


Total





327 bits






















































































































� Note that the Transport Format Combination Set will also include the signalling TFC, which corresponds to TFCI=0; this TFC is not listed in � REF _Ref62294193 \h ��Table 5�.


� ROHC header, see GP-022195.


� The SNDCP header, LLC header and FCS are 10 octets. SNDCP header = 4 octets (*). LLC address field = 1 octet. LLC control field = 2 octets (**). LLC FCS = 3 octet.


(*) This is the header size for SN-UNITDATA PDUs (see TS 44.065, subclause 7.2, Figure 19). This means that if we assume N-PDUs of up to 500 octets, then in the LLC layer N201 should be set to 504.


(**) In the LLC, for unacknowledged mode, Layer-3 information is transmitted in numbered Unconfirmed Information (UI) frames; see TS 44.064, subclause 6.3, Figure 8.


� In this example the RLC/MAC has been configured in transparent mode, see TR 45.902 section 8.3.3.2.3.


� For FLO, multislot configurations can be symmetric or asymmetric. As specified in subclause 8.3.5.1 of TS 45.002, the symmetric case consists of only bi-directional channels, whereas the asymmetric case consists of both bi-directional and unidirectional downlink channels. Therefore, if two timeslots are used in the uplink, the downlink part of the two timeslots needs also to be allocated to the MS. In the present document, we make no assumptions on how these resources are used.


� This means that if the BTS does not need to instruct the MS to allow the use of a higher TFC, there is no need to send the signalling bits. The benefit is improved TFC FER performance when there is no need to change the highest TFC.





� Furthermore, since the additional TFC signalling TrCH is only required in the downlink, an asymmetric FLO configuration would be required doubling the number of TFC that need to be signalled.
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