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Support for FLO in RRC
1. Introduction

A new type of configurable physical layer is proposed for the GSM/EDGE Radio Access Network (GERAN): the Flexible Layer One (FLO). The advantage of FLO is that the configuration of the physical layer (e.g. channel coding, interleaving) is specified at call setup. This means that support of new services such as IP Multimedia Subsystem (IMS) Services can be handled smoothly without having to specify new coding schemes in each release. 

The proposals in this document have been made so as to limit the amount of changes to REL 5 specifications, and to re-use as much as possible from Rel5 GERAN Iu mode –Layer 3 specification. In this document, FLO is only considered for GERAN Iu mode, on dedicated channels.
2. Background

A presentation of the FLO is given in [1].

In GERAN Iu mode today, the MAC Layer is responsible for the mapping between the logical channels (traffic or control channels) and the basic physical subchannels (Dedicated Basic Physical SubCHannel or Shared Basic Physical SubCHannel). The logical channels are the channels the physical layer offers to the MAC layer. Until now these logical channels and the mapping to the basic physical subchannels have been fully specified in GSM/EDGE standards. 

A different approach has been taken in UTRAN, where instead of providing logical channels the physical layer offers Transport Channels (TrCH), which can be used by the MAC layer. Basically a transport channel can be used to transmit one flow over the air interface. A number of transport channels can be active at the same time and multiplexed at the physical layer. The transport channels are configured at call setup by the network.

The concept of transport channels used in UTRAN is proposed to be used in GERAN i.e. the physical layer offers one or several transport channels to the MAC layer.  Each of these transport channels can carry one flow having a certain Quality of Service (QoS). A number of transport channels can be multiplexed and sent on the same dedicated physical subchannel thereby making it possible to have different protection on different classes of bits for instance. 

3. Parameters to be provided by RRC

RRC GERAN Iu mode signals  the CRC size to the lower layers. Error detection is ensured on each transport block through a CRC. The size of the CRC to be used is fixed on each TrCH and configured by RRC (semi static attribute of the transport format). The entire transport block is used to calculate the parity bits. Code blocks are output from the CRC attachment, see [1] and [4].

The channel coding to be used is chosen by higher layer (RRC) and can only be changed through layer 3 signalling (semi-static attribute of the transport format). In practise it is fixed for each TrCH. This means that for example for AMR, the same channel coding is used for all the modes, and rate matching simply adjusts the code rate by puncturing or repetition, see [1] and [4].

The rate matching is the core of the flexible layer. It means that bits of a radio segment on a transport channel are repeated or punctured. Layer 3 assigns a rate matching attribute for each transport channel. This attribute is semi-static and can only be changed through higher layer signalling. See [1], [4] and [5].


To configure FLO RRC needs to indicate to lower layers 

· The transport formats for each transport channel

· The transport format combination set (TFCS)

· Paramters for the basic physical subchannel (see Table 1).

	Parameter
	Range/Value
	Explanation

	Mode
	FR or HR
	Two channel models: full rate or half rate

	Modulation
	GMSK or 8PSK
	Two modulation types

	Interleaving
	20, 40, 80 ms diagonal

20, 40 ms rectangular
	

	TrCHs
	1..8
	The maximum number of TrCH set is 8


Table 1. Basic physical Channel parameters indicated by RRC

RRC is providing two types of attributes for transport formats:

· Semi-static (see Table 2)

· Dynamic (see Table 3)

	Parameter
	Range/Value
	Explanation

	CRC size
	0,6, 12 or 24
	4 CRC

	Coding
	Convolutional code
	This is the same as in EGPRS. No other code used.

	Rate
	1/3
	Fix rate.

	RMA
	0..256
	The same as in UTRAN

	TTI
	20 ms
	Only one TTI is used in GERAN Iu mode


Table 2. Semi-static attributes indicated by RRC

	Parameter
	Range/Value
	Explanation

	TB size
	1…1362
	Maximum obtained with 8PSK FR channel


Table 3. Dynamic attributes indicated by RRC

CTFC is used is used to indicate the Transport Format combination set (see 25.331)

Predefined configuration for the SRBs are used by RRC  in order to ensure good link performance. It is proposed that semi-static and dynamic attributes are as follows:

· Transport block size: 23 bytes/12 bytes;

· Fixed CRC 18/24 bits.

 In UTRAN the predefined configuration are broadcasted in SI type 16. In GERAN Iu mode the predefined configuration for the SRBs will not be broadcasted..

Other RRC-TrCHs parameters which are given within the RRC messages in case of setup, reconfiguration or release of the TrCh (s), for uplink and downlink case, are:

· TrCH id;

· TFCI, which is considered maximum size as 5 bits for GERAN Iu mode;
· Minimum allowed Transport format combination;.

· Allowed transport format combination list; 

· The RAB mapping information is going to be added to the RB parameter. This information element is indicating a multiplexing option for each possible transport channel this RB can be multiplexed on.
In UTRAN the transport format combination control procedure is used to control the allowed uplink transport format combinations within the transport format combination set. To change the sub-set of allowed transport format combinations, the UTRAN is setting the allowed TFCs in the IE "TFC subset". The network is specifying the duration on which the new configuration is allowed. In order to remove this restriction then the network is setting the full transport format combination to TFC subset. In GERAN Iu mode is FFS if we would like to allow the same flexibility as in UTRAN.
4. Messages impacted by the introduction of TrCH(s)
The RRC layer can setup, reconfigure and release the TrCh(s) for dedicated channels. The TrCh(s) can be configured, reconfigured or release by:

· Radio Bearer Control Procedures: RADIO BEARER SETUP, RADIO BEARER RECONFIGURATION, RADIO BEARER RELEASE messages

· RRC connection mobility procedures: CELL UPDATE CONFIRM message.

At the RRC level only TrChs can be reconfigured using new procedures as: 

· Transport Channel Reconfiguration: TRANSPORT CHANNEL RECONFIGURATION messages

· It is FFS if the Transport Format Combination Control procedures will be applicable to GERAN Iu mode. The transport format combination control procedure is used to control the allowed uplink transport format combinations within the transport format combination set.
Also at the RRC level it is FFS that the PHYSCAL CHANNEL RECONFIGURATION messages would be introduced.

In case when SBSS Relocation is performed the Source RNC to Target RNC container will transfer the TrCh(s) parameters (see [2]).

5. Conclusions

The document highlights the changes needed for setup, reconfiguration and release of the radio resources when the FLO concept is introduced to the RRC level. In general, the effects of FLO on the GERAN RRC layer will be fairly minimal. New information elements should be added for the TrCh to Radio Bearer messages , CELL UPDATE CONFIRM message and also to the Source RNC to Target RNC container. New procedures for reconfiguration of the TrCHs only will be introduced. The procedures of setup, reconfiguration and release of the transport channels will be defined in 3GPP TS 44.118.

Proposed text for TR:

The RRC layer is responsible for the set-up, reconfiguration and release of the TrCH(s). The RRC procedures affected by the introduction of FLO are RB control procedures and RRC Connection Mobility procedures. 

The following RRC messages are impacted by the introduction of FLO: RADIO BEARER SETUP, RADIO BEARER RECONFIGURATION, RADIO BEARER RELEASE and CELL UPDATE CONFIRM. New procedures to reconfigure only the transport channels are considred to be introduced in GERAN Iu mode: Transport Channel Reconfiguration procedures. In Rel-6 Radio Bearer Reconfiguration procedures could reconfigure either RB parameters or Transport Channels or Physical parameters or all, if needed. If only TrCh(s) need to be reconfigured then Transport Channel Reconfiguration procedures are introduced as a subset of the Reconfiguration procedures. Transport Channel Reconfiguration procedures cannot be used for modifying the physical parameters.

The parameters that RRC has to transfer to the lower layers in order to configure (setup, reconfigure or release) the TrCH(s) are: 

· TrCH id;

· Transport Format Combination Set information: Minimum allowed Transport format combination set, Allowed transport format combination list, Restricted combinations

To configure FLO RRC also needs to indicate to lower layers 

· The transport formats for each transport channel

· The transport format combination set (TFCS) through CTFC

· Semi-static paramters for the configuration of the basic physical subchannel: channel mode (HR or FR), modulation (GMSK or 8PSK), interleaving (20,40 or 80 ms) and number of the TrCHs (maximum number being 8)

To configure the transport format(s) the RRC provides to lower layers the following:

· For each transport channel, the semi-static attributes: CRC size (0, 6, 12, or 24 bits) and the RMA (0 to 256). Semi-static attributes are fixed among all transport formats for one transport channel.

· For each transport format, the dynamic attributes: TB size (1 to 1362).

Semi-static attributes can only be changed through RRC signalling while dynamic attributes can change every TTI.

Each RRC message which can configure TrCH(s) (setup/reconfigure/release) has to provide the mentioned information to the lower layers.
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