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Flexible Layer One for PDTCH

1. Introduction

FLO is currently being discussed in GERAN. Of interest, in this paper, is the application of FLO to services over different GERAN interfaces and its use with dedicated and shared channels. So far, FLO has considered for dedicated channels for the support of IMS services such as conversational and streaming classes.

The diagram in Figure 1 shows the GERAN architecture. The mapping from GERAN interface to logical channels is also depicted. For eGb, two possible proposals exist for dedicated channels, one PDTCH based (PDTCH + SACCH) and the other TCH based (TCH+SACCH+FACCH) [1]. 
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Figure 1: GERAN architecture with Iu, A/Gb and eGb interfaces.

Table 1 summarises the possible GERAN interface and logical channel scenarios in which FLO could be used. For the A interface there is little or no advantage in supporting FLO, since the channel is optimised for CS speech/data and is unlikely to transport other traffic in the future. For Iu-cs interface it seems appropriate to support a TCH with FLO, in order to introduce new service with minimal effort from standardisation. FLO has clear benefits for PS services and in particular the support of IMS. Most, if not all, of the benefits (UEP, new service introduction, service multiplexing) of FLO are applicable to Iu, Gb, and eGb modes. However, the question remains on the best way to introduce FLO for shared channels on Gb, eGb and Iu interfaces.

	Interface
	Traffic channel type/combination
	FLO Supported?

	A
	TCH
	No ?

	Gb
	PDTCH
	?

	Enhanced Gb
	PDTCH + SACCH (dedicated)
	Should be supported.

	
	PDTCH (shared)
	Should be supported.

	Iu-cs
	TCH (DBPSCH)
	Yes.

	Iu-ps
	PDTCH + SACCH (DBPSCH)
	Should be supported.

	
	PDTCH (SBPSCH)
	Should be supported.


Table 1: Interface, traffic channels and FLO scenarios.

In the following sections we discuss why we believe that FLO could be used on PDTCH and offer two technical solutions. It should be noted that the purpose of this paper is mainly to stimulate discussion rather than provide definitive answers.

2. Why FLO for PDTCH?

The existing Gb interface is designed for the transport of non real-time data such as web browsing, downloading and email services. These services are supported well by EEP, thus it is unlikely that FLO will be of benefit. For eGb and Iu-ps modes, however, support of streaming and conversational services is a requirement. One advantage would be increased granularity for services where the packet size varies. With FLO, it is possible to optimise the channel coding for a particular service, and in doing so, improve the overall service quality due to fewer retransmissions. Also, for services utilising RTP/IP/UDP transport a more robust coding scheme could be applied to the header. This may be useful for services aspects, which can tolerate payload losses, but benefits from correct reception of the header, e.g. ROHC. Alternatively, the payload may be more important than the header. Furthermore, if a particular service is asymmetric (e.g. streaming video/audio content) then a shared channel with FLO offers the possibility of allocating reserved resources in the downlink with UEP, and minimal resource in the uplink (where only ACK/NACK messages and SIP signalling may be transmitted).  It may be useful to be able to multiplex user data streams and signalling, although these may be handle by different logical channels and TBFs. The following points should be considered:

· Increased granularity for services where the packet sizes varies.

· UEP support for packet services on shared and dedicated channels.

· Different coding for RTP/IP/UDP header and payload.

· Improved service quality due to fewer retransmissions.

· Support for streaming services. 

· Multiplexing of signalling and user data. e.g. SIP and video.

In addition to this, it is also feasible to include incremental redundancy with FLO for services with flexible or unconstrained delay requirements [4].

3. Technical realisation for FLO over PDTCH

Two possible solutions exist, with either segregation of non-FLO and FLO mobiles or alternatively multiplexing both types of MS together. The schemes are valid for both dedicated and shared basic physical subchannels, since the RLC/MAC header is present when the RLC is in acknowledged or unacknowledged mode. Only when the RLC operates in transparent mode, which can only be used on a TCH TBF (as specified in 44.160 [5]), the RLC/MAC header is not present.

3.1 Without segregation of FLO capable MSs

This option is more significant for shared channels than dedicated channels, as it potentially allows the multiplexing of non-FLO and FLO mobiles. When the RLC is in acknowledged or unacknowledged modes, the USF and TFI RLC/MAC header fields are used to multiplex mobiles and to which MS the packet is intended [2]. Thus, it is essential that these bits can be decoded by all mobiles multiplexed on the same basic physical subchannel. If it is required that it is possible to multiplex mobiles that support FLO and standard (E)GPRS mobiles, then the RLC/MAC header needs to be in the same position as it currently is. Thus all mobiles can read the header regardless of whether they support FLO or not.
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Figure 3: Block structure for shared channels without segregation of FLO and non-FLO MS.
As shown in Figure 3, the TFCI would be included after the RLC/MAC header. The TFCI indicates the transport format combination for the payload. For transparent mode, the TFCI will be placed at the start of the radio block as in [3]. For RLC/MAC acknowledged/unacknowledged modes it will be placed after the RLC/MAC header. A number of disadvantages exist with this solution:

· Stealing bits still need to be signalled in order to indicate the header type (either MCS5/6 or MCS7/8/9).

· The flexibility of FLO is limited to different payload formats only.

· The payload length is reduced compared to the existing (E)GPRS coding schemes.

· Different formats are used according to the RLC mode.

. 

3.2
With segregation of FLO capable MSs

Another possibility is to accept the principle of the segregation of FLO capable MSs on shared channels. The full benefit of this solution will grow with the proportion of FLO capable MSs operating in the network, and more precisely in a given cell. Since, for backwards compatibility reasons every FLO capable MS has to support also the current EGPRS channel coding schemes, FLO shared channels may be introduced in a smooth way and dynamically allocated in each cell depending of the traffic situation. A transition (HO or cell reselection) has to be specified from FLO to non-FLO channels, in order to ensure the backwards compatibility of the system. 

The main advantage of this solution is that the RLC/MAC headers may be redefined and optimised in order to eliminate any redundancy with the TFC, and therefore the extra bits saved in the header means more bits to be available for the payload.


[image: image3.wmf] 

USF

 

 

Subflow 1

 

Subflow 2

 

Subflow 3

 

TFCI

 

TrCh 1

 

TrCh 2

 

TrCh 3.....TrCh N

 

Reduced RLC/MAC 

header

 


Figure 4. Block structure for shared channels with FLO MSs only.

As with the existing EGPRS protocols blind detection would be required to determine the modulation prior to decoding the TFCI. In order to offset the loss of payload bits due to the TFCI, the following savings can be be:

· The payload type indicator could be replaced by using different TFCs to multiplex control signalling and user data.

· The MCS indicator within the header is effectively redundant due to the TFCI.

· The stealing bits, indicating the header type, are also redundant due to the TFCI.

4. Conclusions

In this document we provide a short discussion on the benefits on introducing FLO on the PDTCH both for shared and dedicated channels. These benefits include increased granularity, flexible coding of header/data and UEP. Three key points are:

· Benefits for streaming services over PDTCH with FLO have been identified.

· Two possible options have been presented for supporting FLO with dedicated and shared channels when RLC acknowledged/unacknowledged modes are used.

· Based on the un-segregated option, a scheme has been presented which offers the possibility to multiplex non-FLO and FLO mobiles on the same BPSCH.

It is also clear that system performance evaluations are need in order to identify the full benefit of using FLO over the existing EGPRS coding schemes.

The choice between the different solutions may also depend upon whether it is possible to have a single MAC entity in the BSS serving both FLO and non-FLO mobiles. If that is not possible, then only the segregation option (described in section 3.2) may be feasible. This is left for further investigation.
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