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About the Flexible Layer One Proposal

1. Introduction

A Flexible Layer One Concept (FLOC) has been proposed for the release 5 of GERAN [1]. FLOC is a UTRAN alike configurable physical layer, which would be capable of supporting new and future services in a flexible manner. With such a configurable physical layer, changes on equipment could be avoided for each new service. In addition the configurable physical layer could support VoIP with similar solution as for UMTS, which would further align GERAN with UTRAN.

The purpose of this contribution is to discuss several issues that are raised when such a configurable flexible layer 1 is considered.

2. New coding schemes

With FLOC, the physical layer can be configured at will to accommodate any type of payload. Unequal error protection or equal error protection can equally be achieved for a wide range of payload sizes. The details of the coding scheme to be applied (UEP/EEP, coding rate, puncturing…) are automatically chosen according to the QoS requirements and the operator’s preferences. The optimisation of the coding scheme is therefore done on a case per case basis instead of being standardised once for all and for a limited set of predefined cases only. The addition of new coding schemes is consequently much easier.

3. VoIP & Header Removal

FLOC allows header compression to be used with a tailored coding scheme. “Optimised” support of transparent IP services is thus possible. When transferred over the air interface,  RTP/UDP/IP headers, even when compressed, add overhead and thus decrease the channel performance. In case of basic speech, which needs not to be synchronized with other media streams, the information in these headers is not needed in the terminal and thus need not be transferred over the air interface.

Further, whenever a non-typical header size occurs in VoIP with ROHC, FLOC decreases the code rate so as to allow the additional payload to be transmitted. Whenever the channel conditions are not good enough for the new code rate, it can lead to low speech quality and/or compressed header loss.

Consequently, with FLOC it is not possible to reach the same link performance for a VoIP call that can be reached with header removal. Header removal is still the only way to reuse existing channel coding schemes and provide speech service that is as spectral efficient as GSM voice.

4. shared channels

If MS were to use FLOC on shared channels, they should be able to share the same resources, as pre-Rel5 MS. The USF should be coded the same way in both cases so that the USF could be understood irrespective of the DL mode. As a result UL resources could be allocated to a FLOC user as well as to a R99 user on a block-by-block basis.

5. performance requirements & network planning

FLOC introduces flexibility but also uncertainty. The great flexibility of FLOC makes the network planning more difficult as coding schemes are not fixed. Only a few test cases can be included in 45.005. The optimisation of the channel coding is moved from 3GPP to operators.

6. complexity

FLOC increases the complexity undoubtedly. Existing coding schemes are still to be implemented for legacy support since FLOC cannot re-produce an exact copy of existing coding schemes.

7. TFCI protection

During the decoding process of every packet encoded by FLOC, a successful decoding of the TFCI is the very first required and necessarily step. Any error in the TFCI will trigger the loss of the packet. Hence particular attention should be paid to the design of its channel coding so as not to limit the performance of the lowest AMR modes. The TFCI could be compared to the stealing bits, to the USF or even to the inband signalling in AMR for instance. Very low coding rate for the TFCI might lead to an unacceptable overhead.

8. link adaptation

If the physical layer can freely adjust the channel coding, it will have some effects on the AMR link adaptation. With FLOC, the channel coding (code rate) partly depends on the compressed header that must be sent. But it is the network, which is in charge of which codec mode is applied in both uplink and downlink. So in case of FLOC, MS can only puncture bits of the codec mode being applied in the uplink, therefore the MS cannot decide to go for example from 12.2 to 7.4 just to accommodate for a larger compressed header. Instead it has to work with 12.2 and puncture those bits. 

With FLOC, the larger the compressed header, the larger the puncturing, hence the higher the code rate regardless of the channel conditions. The channel coding is today selected based on local channel conditions and can be adjusted in time thanks to link adaptation. The resulting unexpected channel coding change might disturb the link adaptation mechanism as described in the following example. A larger compressed header needs to be sent. FLOC decreases the coding rate of the speech in order to transmit the header. As a result, the speech FER increases. At this point what should the link adaptation do? Decrease the codec mode or ignore the performance loss knowing that it is temporary? 

Thus specifying Link Adaptation mechanisms and associated accuracy requirements for FLOC in 45 series may prove to lead to a significant amount of work. Link Adaptation mechanisms already defined in 45.008 are applicable to non-FLOC Rel5.

9. speech quality

With FLOC, puncturing patterns are produced by the rate-matching algorithm [2] and cannot be finely tuned according to subjective tests. The effects on speech quality need to be assessed.

10. Signalling

With FLOC, the network is responsible for configuring the physical layer of both the MS and the BTS. The Transport Format Combinations used on a physical subchannel are configured at channel set up through signalling between the MS and the BSS. Signalling is also required whenever a reconfiguration is needed. The increase in signalling load must be studied. For instance, what would be the effects on handover command?

11. Performance consideration

FLOC can be used to provide transparent IP services. An alternative way, although unoptimised, is to use EGPRS channels. Let us consider the example of AMR 7.4 kbit/s. With header removal the optimised channel coding TCH/AFS7.4 can be used (non-transparent).  Without header removal a more generic channel coding has to be used (with equal error protection). The most appropriate one appears to be MCS-1, which can fit 150 bits of payload (148 bits of speech + 2 bits of inband signalling), and up to 26bit (3.25 bytes) of compressed header (with padding if necessary). Link level simulations (see Figure 1) show that to reach 1% FER MCS1 requires 6.6 dB more than TCH/AFS7.4. With 8 bursts interleaving, MCS1 requires 4.3 dB more.
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Figure 1. MCS1 vs. TCH/AFS7.4
In general, the performance difference between the EGPRS coding schemes and the optimised TCH/AFS coding schemes can be summarized as in Table 1 [3] [4]. It can be seen that compared to EGPRS channels an optimised channel provides much better performance. 

	
	TCH/AFS
	EGPRS
	Loss

	channel coding
	UEP
	EEP
	1 ~ 2 dB

	interleaving
	8 bursts
	4 bursts
	2 dB

	overhead
	none
	RLC/MAC header
	1.5 ~ 2.5 dB

	
	
	ROHC header (1 - 3 bytes)
	0.5 ~ 1 dB


Table 1. Link Level Performance Difference 
(rough values / TU3iFH - 900MHz)
The performance could be improved by 1) using UEP instead of EEP, 2) increasing the interleaving depth to 8 bursts, and 3) reducing the overhead. This would enhance the performance by approximately 4-6 dB. However if FLOC were used, a new header called TFCI would be introduced. In addition, the overhead caused by the ROHC header would still remain. Consequently, optimised speech channel would still have performance advantage over VoIP over FLOC case. In fact, if EGPRS coding schemes were allowed to be interleaved over 8 bursts on full rate channels, and the header optimised for non-acknowledged RT services, the only significant advantage of FLOC would be to allow UEP. 

Unfortunately due the flexibility offered by FLOC, assessing the overall performance is not as straightforward as previously described and as shown in [1]. For example, one important parameter that influences the link level performance is the compressed header size. Best, typical and worst cases for the compressed header should be studied together when assessing the link level performance. Also different speech codec modes should be analysed, since it is expected that the degradation will be more important for high codec modes than for low ones. 

In order to fully understand the overall performance impact (combined effects of variable header size, AMR link adaptation, fast power control etc.), radio network level evaluation is also needed in addition to link level evaluation.

12. conclusionS

This contribution has discussed several issues related to the FLOC proposal made in [1]. The flexibility of FLOC is attractive since it theoretically allows smooth introduction of new coding schemes, and “optimised” support of transparent IP services. However there are drawbacks, costs and issues that must be considered and evaluated before it can be concluded whether potential benefits of the concept outweighs the added complexity and overhead. At least the following issues should be addressed:

· performance loss compared to “optimised voice” still need to be assessed 

· complexity increase

· network planning

· link adaptation

· performance of TFCI

· speech quality

· signalling

· improvement compared to an optimised EGPRS

· network level simulations

It should be also emphasized that regardless of FLOC concept, the benefits of having header removal still remain, because FLOC cannot remove the cost of transmitting compressed headers.  Thus Header removal is still the only way to reuse existing channel coding schemes and provide speech service that is as spectral efficient as GSM voice.

Regarding the schedule Nokia does not see any realistic possibilities to specify FLOC for GERAN Release 5 by November 2001. To understand the implications of FLOC, Nokia suggests that a feasibility study be conducted first.
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