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Abstract:  A DLC/MAC PDU format is proposed for the GERAN in dedicated MAC-mode to support both control protocols over the FACCH and PACCH channels. As a result, the new format makes it possible for PACCH to carry FACCH/SACCH message, as well as for  SACCH/FACCH to convey PACCH message. Correspondingly, the GERAN protocol architecture is refined. 

1. Introduction

To support the dedicated channel in GERAN, particularly for provisioning of dedicated optimized voice service, there is a need for the data link control signaling, which should be designed under the following constraints: 

(1) It should target at a GERAN protocol architecture with optimized relation between layers. 

(2) It should not cost more development than affordable by the given GERAN time schedule. 

(3) Its spectrum efficiency and performance should not be worse than existing DLC.  

For dedicated control, the GERAN physical layer (L1) provides logical channels FACCH, PACCH and SACCH.  On the next higher layer (L2), the link control for dedicated MAC-channel can be designed based on different principles, e.g. based on the existing RLC/MAC protocol [3] or on DLC protocol [2]. Independent of the approach, the feasibility of the design should be assessed by the above constraints.  With these constraints considered, this paper focuses on an approach that takes advantage of both RLC/MAC and DLC protocols.  It uses logical FACCH, PACCH and SACCH to carry RLC/MAC and LAPDm protocols on dedicated physical sub-channels, assuming no support of SMSCB service on DLC is required.   

2. Existing DLC PDU Format

In physical layer (L1) the channel block for SACCH, FACCH, PACCH and PDTCH (CS-1) all have the same size: 23 octets. FACCH/PACCH/PDTCH (CS-1) have no L1 header, while SACCH has 2 octets of header for power control and timing advance information.  In the data link layer (L2) the LAPDm uses 5 different channel block formats, where only 4 are relevant for our discussion.  Figure 1 shows a L2 format used by SACCH (L1  header not shown) and FACCH  [1][2].
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Format A: Fill bits (N201 [=18 octets for SACCH ; =20 octets for FACCH/SDCCH ])

Format B: Information fields + Fill bits (N201[=18 octets for SACCH; =20 octets for FACCH/SDCCH])

Figure.1: L2 format for SACCH and FACCH in up-link (down -link), where EA= address field extension bit, C/R= command/response bit, LPD = link protocol discriminator, SAPI = service access point identifier. Only format A and B are shown, which are also representative for L2 Format B4 (applies to UI on SACCH) and Bter (applies to UI for SAPI 0). 

 3. Existing RLC/MAC PDU Format 
For GPRS layer L2, the link control is accomplished by the RLC/MAC protocol using the following formats:
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Figure 2: PACCH up-link format (above) and PACCH down-link format (lower)  

For the transportation of the upper layer data, PDTCH (CS-1) uses the following formats:
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Figure 3: PDTCH(CS-1) up-link format (upper) , PDTCH(CS-1) down-link format(lower).

4. Proposed DLC/MAC PDU Format
In the following we will use the example of format B of LAPDm.  Application of the results to other LAPDm formats mentioned above is trivial.  According to 04.06, the header information LPD can only take value LPD=0(data link control) or 1(SMSCB).  Under the assumption that SMSCB will not be supported by data link control in GERAN, a transmitting MAC can use the LPD field to transport DLC messages by means of the following procedure:

· The transmitting DLC will set  bits  (8, 7, 6)  to value  [0, 0, 0], before delivering the PDU to MAC  

· The transmitting MAC will set bits  (8, 7, 6) to value  [1, 1, 0], where the spare bit is coded 0, and send the PDU to the lower layer PHY for transmission.

· The receiving MAC recognises by the value of bits (8, 7, 6) that the PDU has a DLC payload and replaces the values of bits (8, 7, 6) with [0, 0, 0], and deliver the payload to the upper layer DLC.

On the receiving side,  the peer  MAC can differentiate RLC  PDU and DLC PDU by the following procedure: 

· If the value of bit (8, 7) in the first received MAC octet is others than [1, 1], the MAC will proceed according to 04.60 and deliver the payload to RLC.  Otherwise, the PDU is delivered to DLC and interpreted according to 04.06.

This approach is feasible, because the current valid values for the parameter “Payload Type ” of PACCH format are 00, 01, 10, while the value 11 is reserved. According to 04.60, whenever Payload Type=11 is received, the legacy receiver will ignore all fields except the USF.  Since USF is useless for a dedicated channel, the field be filled with parameters C/R and EA of LAPDm. This turns a PACCH format into a LAPDm format. To summarise our approach, the new format is a hybrid of DLC and MAC/RLC formats, and as such can be referred to as DLC/MAC format. It is shown explicitly in Fig.4: 
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Figure 4: DLC/MAC block format. The black printed parts are for MAC, the red for DLC.

The DLC/MAC format can be viewed as a  RLC/MAC format as well as a  DLC format. It is not difficult to see that this duality in perception has further consequence in its application:  The proposed format in Fig.4 allows sending PACCH and CS1 data over logical FACCH or SACCH, it also allows sending FACCH and SACCH data over logical PACCH or  CS1. This aspect will be further elaborated in the sequel.

5. Proposed Change to GERAN Protocol Architecture

Since the “Payload Type” parameter of GPRS RLC/MAC protocol is common to both PACCH and PDTCH (CS-1), in up-link as well as in down -link, the proposal applies to all GPRS RLC/MAC blocks. Thus, in order to achieve link control for dedicated  MAC channel,  a GERAN receiver’s MAC layer is required

1. To treat all data  from SACCH, PACCH and FACCH as GPRS RLC/MAC  block

2. If bits (8,7) of the first octet(corresponding  to “Payload Type” of GPRS) is set [1,1], it will interpret the rest of the block according to 04.06 except the bits (6) of the first octet.

3. Otherwise, it will interpret the rest of the block according to 04.60

This approach makes it possible for GERAN MAC to switch between DLC and RLC, in order to control dedicated channels in both DLC (LAPDm) protocol and RLC protocol. This ability can be better illustrated by Fig. 5, which shows a section of  the GERAN protocol architecture with this proposal incorporated.  In Fig.5,  the DLC is seen at the same layer as RLC, being placed above the MAC layer. This is the addition to the current protocol architecture as a result of the present proposal. 



Figure 5: Proposed Change to GERAN Protocol Architecture

7. Discussion

By allowing RLC/MAC and LAPDm protocols to be multiplexed over FACCH, PACCH and SACCH channels, the proposed approach provides great flexibility to support certain channel configurations unique to GERAN R4.  Specifically, this architecture supports the following options:

· Speech traffic channels on legacy transceivers, quarter rate speech traffic channels, and TCH data channels using ECSD and CSD channel coding options will not be able to support PDTCH and PACCH channels, which are usually required to support radio bearers using RLC/MAC.  This architecture allows a modest level of support for RLC/MAC radio bearers on a FACCH with CS-1 coding.  This is required to support signalling bearers using RLC/MAC, and to support critical user data radio bearers such as those used for SIP call control.

· Dedicated channels supporting only radio bearers using PDTCH do not support FACCH.  In these cases it is desirable to have a method of supporting existing FACCH messages on a PACCH channel.  This scheme allows for this. 

Besides the flexibility it provides, the other apparent advantage of the proposed approach is the fact that it  requires no change to 04.60 and negligible change to 04.06.

Obviously,  the scheme applies to any DCCH, BCCH and CCCH,  where LAPDm  applies.
8.  Conclusion
LAPDm is a proven reliable protocol for supporting data link control signalling in GSM. By embedding LAPDm protocol into GERAN protocol architecture, a MAC design can be achieved with minimum development efforts.  The proposed approach merges RLC/MAC block and LAPDm block, while minimising the redundant header information inherent to RLC/MAC protocol. As result, the approach enables the transportation of both RLC PDU and DLC PDU via logical FACCH, PACCH and SACCH. 

Recommendation:    Adopt the proposed procedures (Section 4, Fig.4) and the change to the protocol architecture  (Fig.5), which places DLC (LAPDm) above the MAC so that the MAC can multiplex DLC (LAPDm) and RLC. If this proposal is adopted, Lucent is willing to prepare detailed CRs to the Stage 2 document.
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