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LAPDm/MAC versus RLC/MAC for the Signalling Channels

1. Introduction

The contribution deals with a comparison between the both layer 2 protocols, LAPDm/MAC and RLC/MAC, for the signalling channels in Iu-mode.

2. General services provided to layer 3

In existing GSM the purpose of LAPDm is to convey control signalling on the BCCH, PCH, AGCH and the DCCH.

The DCCH between a network and a MS may be distorted on several control channels, i.e. SACCH, SDCCH or FACCH during a connection. The selection and activation of these channels is under control of layer 3.

LAPDm offers two kinds of information transfer services to layer 3, unacknowledged information transfer and acknowledged information. The both information transfer services may co‑exist on the same data link. 

In acknowledged mode, LAPDm offers segmentation at the transmitter of layer 3 message units, if the message unit is longer than the information field of the data layer frames. At the receiver the segmented layer 3 message units are concatenated such that the integrity of the layer 3 message unit is restored. For unacknowledged operation the data link layer does not offer segmentation.

In acknowledged mode, LAPDm provides sequence control to maintain the sequential order of frames across a data link connection. In case of unrecoverable errors LAPDm notifies layer 3. LAPDm provides an suspend/resume mechanism.

If an access request has been made on the RACH, LAPDm provides functions for resolving any ambiguity that may arise as a result of this access method (contention resolution). 

In existing GPRS the RLC/MAC offers the transfer of upper layer PDUs (i.e. LLC PDUs) using a shared medium between multiple mobile stations and the network. The RLC/MAC protocol defines procedures that enable multiple mobile stations to share a common transmission medium, which may consist of several physical channels.

The RLC/MAC protocol operates on packet data physical channels only. Onto these physical channels several packet logical channels (PBCCH, PCCCH, PACCH and PDTCH) are multiplexed in a per radio block basis.

The RLC function within the RLC/MAC protocol offers to layer 3 acknowledged and unacknowledged transfer  and defines procedures for segmentation and reassemble of upper layer PDUs into RLC/MAC blocks. In RLC acknowledged mode, the RLC function preserves the order of higher layer PDUs provided to it. In case of unrecoverable errors it is currently not clearly how the layer 3 is informed. Moreover, the definition of primitives between RLC/MAC and layer 3 are not defined within an official specification. RLC/MAC does not provide any suspend/resume mechanism. A co-existence of acknowledged mode and non acknowledged mode within the same data link is not possible (Is it needed?). The RLC/MAC provides link adaptation functionality.

Additionally, if an access request has been made on a random access channel, the MAC provides contention resolution mechanisms based on the TLLI (the TLLI has to be replaced, e.g. by the G-RNTI).

3. Provision and Identification of a data link connection

The LAPDm data link layer provides its services by help of Service Access Points (SAP) to layer 3. One or more data link connection endpoints can be associated with each data link layer SAP.

The data link endpoints are identified by two elements:

· the Service Access Point Identifier (SAPI) which is carried in the address field of each frame, and

· the type of control channel on which the data link connection is established. This information is not carried in frames between data link layer peer entities but is managed locally in each end system and is carried in primitives between the layers.

Within RLC/MAC a data link connection is provided by two RLC endpoints, one in each peer entity, which are connected by a TBF/TFI. Each RLC endpoint has a receiver and a transmitter that receives and transmits RLC/MAC blocks.

If the UTRAN bearer concept would be adopted for GERAN, four data link connections would be reserved for signalling purposes and therefore a proper addressing mechanism between the data link layer and layer 3 has to be developed. Another requirement to these signalling radio bearers (SRB) is the independence from the used logical channel type, because otherwise the layer 2 protocol machine, at least in acknowledged mode, would have to be re-initialised each time a logical channel changes (e.g. after a radio bearer reconfiguration).

These signalling radio bearers shall be mapped on dedicated or shared physical channels.

4. Sending of frames in accordance with a given priority

Within existing GSM the priority between data links in LAPDm is organised as follows:

On SDCCH: Highest priority: SAPI = 0 and Lowest priority : SAPI = 3.

On SACCH: The priority arrangement on the SACCH must ensure that if a SAPI = 3 frame is awaiting transmission, two SAPI = 0 frames are not sent in consecutive SACCH frames. In addition, for the mobile to network direction it must also be ensured that any SAPI = 3 frame is followed by at least one SAPI = 0 frame.

One reason for introducing the signalling bearer concept in UTRAN was to provide different priorities for the signalling. Again assuming that GERAN adopts this concept, 4 signalling radio bearers (RB 1 with the highest and RB 4 the lowest priority) would have to be pre-defined within LAPDm/MAC and RLC/MAC. But this causes a severe problem how to introduce the different RB into both layer 2 protocols.

For RLC/MAC it could be possible to put an identity somewhere into the RLC/MAC header, but on shared channels this has to be done backward compatible.

Looking at the existing SAPI mechanism in LAPDm/MAC, maybe a definition of some new SAPI values are the best solution.  
5. Simplex or duplex data link layer

The LAPDm protocol is a duplex protocol, that means that data can be transmitted in both directions, whereas the acknowledgements of incoming data frames can be piggybacked onto the outgoing data frames.

To get an full-duplex data link with the RLC/MAC protocol, two separate TBFs have to be allocated, each of the both TBFs with its own forward DATA block stream and in the reverse direction its own acknowledgement ACK/NACK block stream. No piggybacking is defined.

The question is whether piggybacking is really working, because data packets and ack/nack messages have to be available at the same time in the transmitter. Moreover, how realistic is the situation that data packets shall be transferred in both directions at once? Also the possibility of delaying the ack/nack messages, until the next data block arrives in the transmitter for transmission, does not look as a good solution for signalling bearers.

6. Window size and ARQ

In current GSM the LAPDm protocol operating in acknowledged mode is restricted to a window size of 1 (for SAPI = 0 and 3), that means it operates as a one bit sliding window protocol. Currently unused, but in principle possible, are window sizes up to 4, because the of a 3 bits send sequence number and a 2 bits receive sequence number in the LAPDm frame header. LAPDm would then operate as 3bit sliding window protocol with a Go Back n ARQ. 

The RLC/MAC protocol in GPRS operates with a sequence number space (SNS) of 128 and an according window size (WS) of 64. Beside the possibility of having a greater than one window size in LAPDm, the RLC/MAC protocol supports an much more efficient selective ARQ mechanism. Both facts enable a much higher data throughput in acknowledged mode by using RLC/MAC, especially when looking at the up to 4kByte long NAS messages.

A total different question is how much the RR layer was adopted to its under laying LAPDm with the mentioned restrictions. For example most of the RR messages are small enough to fit just into one LAPDm frame and hopefully this is still the case when adding the 16 Bits integrity protection key. Or on the other hand, what happens if the situation occur that one RR message is overtaken by another RR message due to fact of having a larger window size and frames are damaged or lost completely (perhaps this could be avoided by enforcing an acknowledgements).       

Another obvious problem is when looking to the FACCH block stealing mechanism. The current window size 1 prevents from stealing more than one speech frame in a row, because before the sender is allowed to send the next FACCH block, it has to wait for an acknowledgement. This keeps speech quality above an unacceptable level. To overcome this situation, the MAC , below the LAPDm or RLC, has to distribute the FACCH blocks in a way that the speech quality is still acceptable. 

7. CONCLUSION

The paper tried to point out some pros and cons of the ongoing discussion which of the both layer 2 protocols LAPDm/MAC or RLC/MAC should be preferred for the signalling bearers in Iu-mode. Beside the fact that there are still some open points, e.g. the relationship between the RR layer the LAPDm protocol, we believe that a RLC/MAC based solution is more efficient than using LAPDm/MAC. Currently we are not aware of a killer argument which does not allow such a solution. 
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