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

1 Introduction

At GERAN#18, possible methods to signal the Transport Format Combinations to be used in the uplink for the Flexible Layer One were discussed [1]. Simulation results were presented in [2] for RLC acknowledged mode only. In this contribution a possible VoIP configuration (RLC un-acknowledged mode) using FLO is presented and simulation results shown. Based on these results, the best performing and most suitable scheme is selected. An accompanying CR to TR 45.902 is presented in [3]. 

2 Algorithm for the GERAN

In [1], a summary of the possible alternatives for signalling the highest TFC to be used in the uplink is given. Of the possibilities discussed in [1], only those given in Table 1 have been simulated (in particular, the method using a channel transmitted in parallel to the SACCH/TP has not been simulated). In the simulations, only the case of a GMSK full-rate channel has been considered.

	How

to signal
What 

to signal
	SACCH Header

(2 uncoded bits every 480ms)
	“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)
	120ms

(36-bit coded TFCI)
	100ms

(36-bit coded TFCI)

	Relative value
	480ms

(2-bit uncoded command)
	120ms

(12-bit coded command)
	40ms

(12-bit coded command)
	40ms

(12-bit coded command)


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

The simulator used for these simulations is similar to the one used in the investigations described in 

[2], assuming only one Transport Block per Transport Channel per TTI. Table 2 summarises the parameters used for the simulated scenarios.

	No. of RLC/MAC blocks simulated
	50000

	Traffic profile
	Voice over IP with AMR. See details in Table 3.

	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 2 - Simulation parameters.

Table 3 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. Link layer simulation results showing FER vs. CIR can be found in Annex A for the case of 6 bits.

	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 3: 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 4.

	Mechanism
	Link adaptation TFC update period
	Measurement averaging period

	SACCH Header, Relative
	480 ms
	960 ms

	SACCH Header, Absolute
	1440 ms
	2880 ms

	Inband, Relative
	120 ms
	240 ms

	Inband, Relative
	40 ms
	160 ms

	Inband, Absolute
	360 ms
	720 ms 

	Inband, Absolute
	100 ms
	200 ms

	Inband, Absolute
	120ms
	240ms


Table 4: Link adaptation TFC update period and measurement averaging period for each alternative.

It is worth noting that this example may not be realistic, because it is not clear yet how to provide rate adaptation for VoIP (in particular how to change the rate of the codec), and it is used only to evaluate the alternative schemes for TFC selection.

3 Results

Figure 1 and Figure 2 show the SDU FER against CIR for TU3iFH and TU50iFH, respectively. It is important to note that the results shown do not indicate the expected performance from FLO, but are merely used to compare the performance of the different TFC selection mechanisms
. As can be observed, for TU3iFH there is little different between the different signalling methods.
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Figure 1: SDU FER with RLC in un-acknowledged mode for TU3iFH.

However, in the case of TU50iFH, where the slow fading profile varies more rapidly, it can be seen that a faster TFC update period results in superior performance. Absolute signalling with an update period of 1440ms and 360ms, and relative signalling with a TFC update period of 480ms are approximately 3dB worse than the other schemes. Absolute and relative signalling with a 120ms update period have very similar performance. Reducing the update period to 100ms does not significantly increase the SDU FER performance compared to 120ms update, and would require more bits to be used from each radio packet and in turn each burst, thus reducing the link level performance (albeit marginally).
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Figure 2: SDU FER with RLC in un-acknowledged mode for TU50iFH.

Based on the results presented in the present document and the acknowledged mode results from [2], it is possible to conclude that the signalling mechanism with the best performance (in terms of SDU FER, throughput and low impact on the link layer BLER/FER performance) is absolute signalling with a 120ms update period.

In the simulations, the size of the field used to signal the TFCI of the highest TFC that the MS is allowed to select was fixed to 36 bits. As a possible enhancement, the number of in-band bits stolen from each radio block could be made variable depending on the size of the encoded TFCI in the uplink; the number of bits stolen from each radio packet would be as shown in the following table (assuming a 120 ms update period):

	TFCI size
	Encoded TFCI size
	Bits stolen from each of the 6 radio packets

	1 bit
	8 bits
	2

	2 bits
	16 bits
	3

	3 bits
	24 bits
	4

	4 bits
	28 bits
	5

	5 bits
	36 bits
	6


However, the improvement in link layer performance will be limited, and therefore may not be worth the additional complexity.

4 Signalling channel performance

The robustness of the signalling channel is also of interest. Figure 3 shows the performance of the 36-bit signalling channel (120ms TFC uplink selection) using 6 bits in each radio packet.
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Figure 3: Performance of the 36-bit TFC signalling channel for GMKS full rate channels for TU3iFH.

It can be seen that, for example in this case, the performance of the channel is about 7dB better than the performance of the TFC carrying AMR5.15. For example at around the 1% FER point for this TFC, corresponding to approximately 9dB, the error rate of the TFC signalling channel is well below 0.01% (the result is extrapolated) and its effect on link adaptation algorithms will be minimal.

5 Conclusions

The results in the present document demonstrate that, for unacknowledged bearers, none of the schemes tested is significantly better that the others in TU3iFH. For TU50iFH there is a clear benefit to using an update period of 120ms. Furthermore, for the particular scenario considered in the simulations, there is no significant difference in performance between absolute or relative signalling. Results for acknowledged mode (see Annex B) also demonstrate that an update period of 120ms is beneficial. Therefore it is proposed to adopt the 120ms absolute TFC signalling scheme. The reason for choosing absolute signalling is that is more general than relative signalling, and the latter could be realised as a particular case of the former. The absolute scheme is also more robust against signalling errors compared to the relative signalling method. The 120ms based signalling has also the advantage that it aligns with the existing multi-frame structures and SACCH reporting periods. As described in [1] the signalling requires the following number of bits to be allocated from each radio packet:

· 6 bits in every radio packet for GMSK full rate and 8PSK half rate channels.

· 12 bits in every radio packet for 8PSK full rate channels.

· 3 bit in every radio packet for GMSK half rate channels.

In each case a total of 6 radio blocks are required to signal the highest TFC that the MS can select in the uplink. Since the number of bits stolen from each radio packet is relatively small, the impact on the BLER performance of each TFC will be negligible.

A CR to TR 45.902 introducing the 120ms based TFC selection mechanism for both full-rate and half-rate GMSK/8PSK channels can be found in [3].

6 References

[1] GP-040359, “Signalling for TFC selection in the uplink for Flexible Layer One”, Siemens, GERAN#18, Reykjavik (Iceland), 2-6 February 2004.

[2] GP-040360, “Signalling for TFC selection in the uplink for the Flexible Layer One: Simulation results”, Siemens, GERAN#18, Reykjavik (Iceland), 2-6 February 2004.

[3] GP-040711, “CR 45.902-018 rev 1 Signalling for Uplink TFC selection (Rel-6)”, Siemens, GERAN#19, Cancun (Mexico), 19-23 April 2004.

7 Annex A
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Figure 4: BLER performance curves for AMR12.2, AMR 10.2, AMR 7.95, AMR7.4, AMR6.7, AMR5.9, AMR 5.15 and AMR 4.75 with EEP, 40ms interleaving and GMSK modulation.

8 Annex B

In this Annex, the results for acknowledged mode operation presented in [2] are repeated. Also, additional results for absolute signalling with an update period of 120 ms (which were not provided in [2]) are given.

[image: image5.emf]0.001

0.01

0.1

1

4 9 14 19 24 29

CIR (dB)

SDU FER

Absolute - 1440ms

Relative - 480ms

Absolute - 360ms

Relative - 120ms

Absolute - 120ms

Absolute - 100ms

Relative - 40ms


Figure 5: SDU FER with RLC acknowledged mode.
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Figure 6: Throughput with RLC acknowledged mode (aggregate over 2 TS).

As can be seen from the figures, the difference in performance between adaptation rates of 120 ms and 100 ms is minimal.







� 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 3�.


� 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 example, power control, radio link failures and intra-cell handovers are neglected. Furthermore, in a cell planning scenario an additional slow fading margin of approximately 7dB (assuming a slow fading standard deviation of 7dB and path loss factor of 3.5dB) will be required in order to guarantee a minimum CIR. Additionally, the reduced performance of the link layer results for FLO in comparison to circuit-switched AMR is due to the use of EEP and the increased payload sizes due to the addition of RTP/UDP/IP packet headers and SNDCP/LLC frame headers.
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