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1 Introduction

The MAC architecture to support E-DCH is currently being defined. Architectural agreements are captured in the stage 2 specification [1]. Whereas principal agreement on a basic multiplexing scheme largely exists, stage 3 details such as the header structure for the multiplexed data units are still undefined. This paper addresses this and proposes a MAC header design to support E-DCH.

The design is based on [2] but is adapted to recently agreed working assumptions. The most relevant working assumptions for MAC header design include [1]: 

· MAC-d multiplexing shall be supported, i.e. the C/T MUX and MAC-d flow concept is applicable for E-DCH;

· Multiplexing shall be allowed for data from different MAC-d flows within the same MAC-e PDU;

· Re-ordering is done per priority and per MAC-d flow and is located below MAC-d in the SRNC. 

· Demultiplexing of MAC-e PDUs is handled in Node B.

It should be noted that the proposed design principle does not fundamentally build on these working assumptions. Therefore, should working assumptions change, the design can be adapted accordingly. 

2 Purpose and benefits of the solution

The purpose of the solution is to achieve two significant benefits, while conforming to the agreed working assumptions:

1. Keep overhead low for all configurations to optimise performance. Especially important is to allow low overhead for simple configurations such as one logical channel per E-DCH, which may be common.

2. Allow multiple priority flows per MAC-d flow, which in turn enables re-ordering per logical channel if desired. This is in line with the desire in the current working assumptions, and companies have stressed that it may be important for certain logical channel configurations. 

3 Proposed MAC header structure 

3.1 Basic principle 

The principle of the proposed MAC header structure is to signal a mapping table defining the relationship between MAC header information and other properties needed for multiplexing, providing a implicit scheme that saves header size. This is similar to the implicit way the SID field in the MAC-hs header is used, where advance RRC signalling of a mapping between SID values and PDU sizes takes place. 

We use the existing C/T header field to carry this information, i.e. its size remains but its use is extended to include more implicit information than in R99-R5.

3.2 Solution description 

The proposed MAC structure is described below. It is assumed that the reordering is based on explicit transmission sequence number (TSN) per priority flow in the MAC-e PDU header. The C/T field is, apart from the R99-R5 definition, also uniquely mapped to other properties according to the following list:

· Logical Channel ID. Each C/T field value corresponds to a logical channel ID.

· RLC PDU size. Each C/T field value corresponds to a RLC PDU size. 

· MAC-d flow.  When several MAC-d flows are configured, each C/T field value corresponds to a MAC-d flow.

· Priority flow. When several priority flows are configured, each C/T field value corresponds to a priority flow.  

The mapping is used in multiplexers and is signalled from the SRNC to the UE over RRC, and to the Node B over NBAP at logical channel setup. An example mapping can be found in Figure 1.

It should be noted that it is possible for one logical channel to be configured with several RLC PDU sizes (for UM RLC). This could be the case for e.g. voice over IP applications. The proposed design supports this, and it would imply one mapping table entry (C/T value) per PDU size. 

3.3 MAC header example

An example helps illustrating the proposed composition and use of MAC headers. Consider five logical channels mapped on the E-DCH for one UE. Two MAC-d flows are desired, and reordering is needed for three priority flows separately. A mapping table is then created according to Figure 1, and made available in multiplexers in different nodes at logical channel setup. 
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Figure 1. Example mapping table. The example corresponds to the configuration                                 shown in Figures 2 and 3.
The mapping table is then used for data multiplexing as follows. As shown in Figure 2, RLC PDUs enter MAC-d on logical channels. Data units from the five logical channels are multiplexed on two MAC-d flows and the C/T header is added. Data units from the two MAC-d flows are then multiplexed together to form a bigger data unit (MAC-e PDU), using the mapping table information. The MAC-e PDU contains one TSN per priority flow for which there is data in the MAC-e PDU. In this example the MAC-e PDU contains data for three priority flows, and thus three TSNs are included. To minimize header size, the TSNs are put first in the PDU structure, ordered as the data aimed for the corresponding priority flows. A one-bit flag (F) is used to indicate if the following field is a TSN or a C/T field. 

The created MAC-e PDU is then forwarded to a Hybrid ARQ entity and forwarded to layer 1 for transmission in one TTI.

Note: if different MAC-d PDU sizes are multiplexed together in a TTI, many size combinations will exist and it may not be desirable to configure a transport block size for each possible MAC-e PDU size. If this situation occurs it could be allowed to add padding in the end of the MAC-e PDU corresponding to the nearest transport block size.
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Figure 2. Composition and use of MAC headers in the UE
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Figure 3. Decomposition and use of MAC headers in UTRAN.
On the receive side in the UTRAN, the procedure is reversed. As shown in Figure 3, a MAC-e PDU enters MAC from layer 1. After Hybrid ARQ handling, the MAC-e PDU is demultiplexed using the mapping table information, to form data units aimed for the two MAC-d flows. These data units are sent over Iub to MAC-es. Reordering queue distribution takes place, and for each priority flow separate re-ordering is performed using the TSN field. The re-ordering function removes the TSN header, and in-sequence data units are then forwarded to MAC-d. Finally, C/T demultiplexing enables delivery of each data unit on the correct logical channel.

. 

3.4 Overhead for different configurations

In this section we analyse the MAC overhead for two different radio bearer mappings. First only a single interactive bearer with a RLC PDU size of 336 bits is mapped to E-DCH. Second both the SRBs (with RLC PDU size 144 bits) and an interactive bearer (with RLC PDU size 336) are mapped to E-DCH. For this case it is assumed that two separate priority flows are desired for separate reordering of the SRBs and the interactive bearer.

We study two different E-DCH data rates, 384 kbps data rate with 10 ms TTI and 4 Mbps data rate with 2 ms TTI. For the SRB we assume a constant 14.4 kbps data rate, which corresponds to one RLC PDU per 10 ms TTI and 1 RLC PDU for every fifth TTI for 2 ms TTI. The interactive bearer always uses the remaining E-DCH data rate (369.6 kbps or 3985.6 kbps).

If only the interactive bearer is mapped to E-DCH, no C/T information is needed (similar to R99), so there will only be one TSN and one F field per MAC-e PDU. If, on the other hand, both the SRBs and the interactive bearer are mapped to the E-DCH it is necessary to always include a C/T field in each MAC-d PDU in order to indicate to which priority flow and logical channel data belongs. For every fifth TTI two TSN and F fields are needed, while for the other TTIs only one TSN and F field are needed. The different alternatives are illustrated in Figure 4.

It is assumed that the size of the TSN is 7 bits and the size of F-field is 1 bit. C/T is 4 bits.
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Figure 4: MAC-e PDUs used in overhead calculation.

The total overhead caused by the MAC layer (C/T field, TSN and F flag) is summarized in Table 1. 

Table 1: Overhead for the considered scenarios

	
	384 kbps, 10 ms TTI
	4 Mbps, 2 ms TTI

	Interactive RB only on E-DCH
	0.2% (0.8 kbps)
	0.1% (4 kbps)

	SRBs + Interactive RB on E-DCH
	2.9% (10.96 kbps)
	1.4% (54.8 kbps)


Note that most of the overhead for the SRB + Interactive case comes from the (unnecessarily) repeated C/T field. This could be optimised by having a single C/T field followed by the number of PDUs that belong to the same C/T field value, as described in [3]. 

4 Restrictions/consequences of the solution

As was described in section 3, the design uses the C/T field to carry more implicit information than in R99. The field is used by the MAC-e multiplexer which is common for all logical channels of one UE. This implies a small restriction in the numbering of logical channels: Logical channel IDs (C/T fields) for one UE must be set differently for each logical channel. We believe this to be an insignificant restriction that can easily be traded for the benefits obtained.

Further, the four bits used for the C/T field, together with the fact that the value C/T=1111 is reserved, lead to the following limitations in configuration flexibility: 

· For one UE, there may be maximally 15 logical channels mapped on the E-DCH at anyone time. 

· For one UE, there may be maximally as many priority flows as logical channels. For a maximal configuration of 15 logical channels for one UE, the design thus still supports separate re-ordering per logical channel. 

We believe that these numbers provide adequate configuration flexibility.

5 Proposal

We propose the following:

· That the group agrees to use the header design principle presented in this paper (i.e. using advance signaling and implicit C/T header information);

· That the following text is added as a new bullet in the existing list in section 7.1.1 of [1]: “The C/T header field is used to provide multiplexers with information on how to perform multiplexing of data units. A mapping table between C/T values and information needed for multiplexing is signalled from the SRNC to the Node B and the UE (over RRC and NBAP respectively) at logical channel setup.”

· That a company is assigned to provide stage 3 text to the next RAN2 meeting, describing the header structure. 
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Mapping table:



C/T value	logical 		PDU 	MAC-d 	Priority



Channel	size 	flow	flow







0000		1		144	1	1



0001		2		336	1	2



0010		3		336	1	2



0011		4		336	2	3



0100		5		336	2	3
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