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Enhanced Speech Services with FLO

1. Introduction

FLO has been shown to significantly improve the provision of RT IMS services in GERAN [1] [2]. But FLO could also improve the link level performance of non-IMS speech services. This contribution takes AMR as an example and investigates some enhancements that could be used to improve the link level performance and overall capacity.

2. Link Level Improvements

Thanks to the flexible channel coding offered by FLO, improvements can easily be introduced without the burden of defining new coding schemes and puncturing tables
 in specifications (45.003). Possible improvements at link level include:

· 80ms diagonal interleaving;

· 8PSK modulation.

An 80ms diagonal interleaving increases the one-way MS-to-MS delay by 80ms: 40ms in UL + 40ms in DL (see Figure 1).
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Figure 1: Delay increase with 80ms interleaving
Requirements are set on the end-to-end delay [3] [4]: typically 200ms is considered as acceptable and 400ms is seen as an upper limit. The increase of interleaving depth is therefore acceptable if the one-way MS-to-MS delay remains below 400ms. If the maximum delay in GSM/EDGE is 300ms, an 80ms interleaving depth is possible.

In order to assess the link level performance these two could provide on full rate channels, simulations were run over 20000 frames in TU3iFH and TU3nFH at 900MHz. Typical MS impairments were included. A 3 bits TFCI was assumed and two transport channels were set-up (see Table 1): 

· one for the class 1a bits + inband signalling;

· one for the class 1b bits.

Table 1: Transport Channels for AMR
	Transport Channel
	CRC
	RMA
	TB Size

	
	
	
	12.2
	7.95
	5.9
	4.75

	A (class A + inband)
	6
	6
	83
	77
	57
	41

	B (class B)
	0
	5
	163
	84
	63
	56


In order to get a realistic picture of the link level performance across the different AMR codec modes, four different modes were simulated: 12.2 kbit/s, 7.95kbit/s, 5.9kbit/s and 4.75kbit/s. For reference the performance of TCH/AFS is also given. Simulation results are available in Annex A and summarized in Table 2 and Table 3 below:

Table 2: Link Level Performance in Tu3iFH
	AMR Mode
	Interleaving / Modulation
	C/Ico @ 1% FER
	Compared to TCH/AFS

	12.2kbit/s
	80ms / GMSK
	7.6 dB
	-1.3 dB

	
	40ms / 8PSK
	6.3 dB
	-2.6 dB

	
	80ms / 8PSK
	4.9 dB
	-4.0 dB

	7.95kbit/s
	80ms / GMSK
	4.8 dB
	-1.2 dB

	
	40ms / 8PSK
	4.7 dB
	-1.3 dB

	
	80ms / 8PSK
	3.1 dB
	-2.9 dB

	5.90kbit/s
	80ms / GMSK
	3.3 dB
	-1.3 dB

	
	40ms / 8PSK
	3.7 dB
	-0.9 dB

	
	80ms / 8PSK
	2.1 dB
	-2.5 dB

	4.75kbit/s
	80ms / GMSK
	2.3 dB
	-1.5 dB

	
	40ms / 8PSK
	2.9 dB
	-0.9 dB

	
	80ms / 8PSK
	1.4 dB
	-2.4 dB


Table 3: Link Level Performance in Tu3nFH
	AMR Mode
	Interleaving / Modulation
	C/Ico @ 1% FER
	Compared to TCH/AFS

	12.2kbit/s
	80ms / GMSK
	16.5 dB
	-0.7 dB

	
	40ms / 8PSK
	16.2 dB
	-1.0 dB

	
	80ms / 8PSK
	15.2 dB
	-2.0 dB

	7.95kbit/s
	80ms / GMSK
	14.3 dB
	-1.0 dB

	
	40ms / 8PSK
	14.4 dB
	-0.9 dB

	
	80ms / 8PSK
	13.5 dB
	-1.8 dB

	5.90kbit/s
	80ms / GMSK
	13.2 dB
	-1.0 dB

	
	40ms / 8PSK
	13.4 dB
	-0.8 dB

	
	80ms / 8PSK
	12.4 dB
	-1.8 dB

	4.75kbit/s
	80ms / GMSK
	12.4 dB
	-1.0 dB

	
	40ms / 8PSK
	12.6 dB
	-0.8 dB

	
	80ms / 8PSK
	11.6 dB
	-1.8 dB


In TU3iFH, when the interleaving depth is increased to 80ms on GMSK channels the gain ranges from 1.2 to 1.5 dB depending on the AMR mode. When 8PSK modulation is used, the gain ranges from 2.6 to 0.9 dB. Finally when both 8PSK and 80ms interleaving are used, the gain ranges from 2.4 to 4.0 dB. 

In TU3nFH, when the interleaving depth is increased to 80ms on GMSK channels the gain ranges from 0.7 to 1.0 dB depending on the AMR mode. When 8PSK modulation is used, the gain ranges from 0.8 to 1.0 dB. Finally when both 8PSK and 80ms interleaving are used, the gain ranges from 1.8 to 2.0 dB.

3. Other Improvements

In this section some possible improvements are listed. The overall gain they provide is left for further study.

3.1 Active Codec Set

In AMR the active codec set (ACS) is limited to 4 modes because only 2 inband bits are sent. With FLO, there is not limit for inband signalling allowing all 8 AMR modes to be included in the ACS. Or in other words, the ACS would not be required anymore.

3.2 Link Adaptation

In AMR codec modes are constrained to change only every second speech frame. Codec Mode Commands/Requests (CMC/CMR) and Codec Mode Indications (CMI) are sub-sampled such that they occur only every second frame or 40ms. CMI and CMC/CMR are transmitted every 40ms alternating within consecutive speech frames [5]. With FLO there is no need to alternate CMI/CMC in downlink and CMI/CMR in uplink since the TFCI acts as the CMI:

· Every 20ms, the Codec Mode is told by the TFCI;

· Every 20ms, the CMC and CMR can be carried as inband signalling together with the class 1a bits in one transport channel.

As a result the link adaptation cycle is decreased from 40 to 20ms and this could possibly improve the performance.

3.3 AMR Wideband

In Release 5 of GERAN, the number of standardized codec modes for AMR-WB was limited to reduce the complexity (especially the memory requirements of MS implementations). Because FLO does not require puncturing tables to be specified, tested and implemented, all the AMR-WB modes can be supported. Consequently the performance of AMR-WB could possibly improve.

4. Conclusion

This contribution has shown how FLO could improve the support of AMR and AMR-WB. It was shown that the use of 8PSK and 80ms interleaving could significantly improve the link level performance. Several other improvements were also listed.
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One-way transmission time
from ITU-T G.114

“In consideration of the above points, the ITU-T recommends the following limits for one-way transmission time for connections with echo adequately controlled (see Note 1) according to ITU-T Recommendation G.131 [4]:

· 0 to 150 ms: Acceptable for most user applications (see Note 2).

· 150 to 400 ms: Acceptable provided that Administrations are aware of the transmission time impact on the transmission quality of user applications (see Note 3).

· above 400 ms: Unacceptable for general network planning purposes; however, it is recognized that in some exceptional cases (see Note 4) this limit will be exceeded.

NOTE 1 – The use of echo control equipment that introduces other impairments, such as speech clipping and noise contrast, may have to be controlled in order to achieve acceptable transmission quality.

NOTE 2 – Some highly interactive voice and data applications may experience degradation for values below 150 ms. Therefore, increases in processing delay on connections with transmission times even well below 150 ms should be discouraged unless there are clear service and application benefits.

NOTE 3 – For example, international connections with satellite hops that have transmission times below 400 ms are considered acceptable.”

NOTE 4 – Examples of such exceptions are unavoidable double satellite hops, satellites used to restore terrestrial routes, fixed satellite and digital cellular interconnections, video telephony over satellite circuits, and very long international connections with two digital cellular systems connected by long terrestrial facilities.
Link Level Results
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� In Release 5 of GSM/EDGE, 58 new pages of coding schemes were added in 45.003 for the support of AMR-WB and AMR on 8PSK half rate channels.
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