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9.1.5
MAC PDU (E-DCH)

There are two different MAC PDU formats for E-DCH. Depending on configuration by upper layers the format is either MAC-e/es or MAC-i/is. The MAC PDU format is determined by upper layer signalling [7].
When MAC-e/es is configured, there are two MAC sublayers, MAC-e and MAC-es. MAC-es sits on top of MAC-e and receives PDUs directly from MAC-d. MAC-es SDUs (i.e. MAC-d PDUs) of the same size, coming from a particular logical channel are multiplexed together into a single MAC-es payload. There is one and only one MAC-es PDU per logical channel per TTI (since only one MAC-d PDU size is allowed per logical channel per TTI). To this payload is prepended the MAC-es header (see subclause 9.2.4.1). The number of PDUs, as well as the one DDI value identifying the logical channel, the MAC-d flow and the MAC-es SDU size are included as part of the MAC-e header. In case sufficient space is left in the E-DCH transport block or if Scheduling Information needs to be transmitted, an SI will be included at the end of the MAC-e PDU (see subclause 9.2.4.2). Multiple MAC-es PDUs from multiple logical channels, but only one MAC-e PDU can be transmitted in a TTI.

In the example MAC-e PDU shown in figure 9.1.5.2a, the field DDI0 is referring to the specific DDI value that indicates that there is an SI included in the MAC-e PDU (see subclause 9.2.4.2). This header will not be associated with a new MAC-es payload. Figure 9.1.5.2b shows the MAC-e PDU format when SI is sent alone. In this case DDI0 is not included in the MAC-e PDU and E-TFCI value 0 is used.
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Figure 9.1.5.1 MAC-es PDU
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Figure 9.1.5.2a: MAC-e PDU
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Figure 9.1.5.2b: MAC-e PDU (SI is sent alone)
When MAC-i/is is configured, there are two MAC sublayers, MAC-i and MAC-is. MAC-is sits on top of MAC-i and receives PDUs directly from MAC-d and MAC-c (FDD and 1.28 Mcps TDD only). When MAC-i/is is configured, a MAC PDU for E-DCH consists of one MAC-i header and one or more MAC-is PDUs. Each MAC-is PDU consists of one or more MAC-is SDUs belonging to the same logical channel. Each MAC-is SDU equals a complete or a segment of a MAC-d PDU or a MAC-c PDU (FDD and 1.28 Mcps TDD only). The MAC-is SDUs can have different sizes. The LCH-ID and L fields are repeated per MAC-is SDU. The TSN and SS fields are repeated per MAC-is PDU. Multiple MAC-is PDUs from multiple logical channels, but only one MAC-i PDU can be transmitted in a TTI. In case sufficient space is left in the E-DCH transport block or if Scheduling Information needs to be transmitted, an SI will be included at the end of the MAC-i PDU (see subclause 9.2.4.4). For FDD and in CELL_FACH state only, the UE’s E-RNTI can be included in the MAC-i header. Its inclusion is signalled with a reserved LCH-ID value.
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Figure 9.1.5.3 MAC-is PDU. 
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Figure 9.1.5.4a: MAC-i PDU.
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Figure 9.1.5.4b: MAC-i PDU (SI is sent alone)
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Figure 9.1.5.4c: MAC-i header part for E-RNTI transmission (FDD only)
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Figure 9.1.5.4d: MAC-c PDU with CRC for CCCH transmissions (FDD only)
9.2.4.2
MAC-e header parameters

-
Data description indicator (DDI):
The DDI field identifies the logical channel, MAC-d flow and size of the MAC-d PDUs concatenated into the associated MAC-es PDU. The mapping between the DDI values and the logical channel ID, MAC-d flow and PDU size is provided by higher layers. The length of the DDI field is 6 bits.
-
For FDD: When, due to the quantization in the transport block sizes that can be supported or triggering of the Scheduling Information, the size of the data plus header is less than or equal to the TB size of the E-TFC selected by the UE minus 24 bits, the DDI value [111111] shall be appended at the end of the MAC-e header and a Scheduling Information shall be concatenated into this MAC-e PDU, where DDI value [111111] indicates that there is a Scheduling Information concatenated in this MAC-e PDU. Otherwise, if the size of the data plus header is less than or equal to the TB size of the E-TFC selected by the UE minus 18 bits, a Scheduling Information shall be concatenated into this MAC-e PDU. In any other case it is understood that another MAC-es PDU or Scheduling Information does not fit and it is therefore not necessary to reserve room in the transport block for an additional DDI field.
-
For TDD: When, due to the quantization in the transport block sizes that can be supported or triggering of the Scheduling Information (due to timer expiry, see subclauses 11.9.1.4a and 11.9.1.5), the size of the data plus header is less than or equal to the TB size of the E-TFC selected by the UE minus 29bits, the DDI value [111111] shall be appended at the end of the MAC-e header and a Scheduling Information shall be concatenated into this MAC-e PDU, where DDI value [111111] indicates that there is a Scheduling Information concatenated in this MAC-e PDU. Otherwise, if the size of the data plus header is less than or equal to the TB size of the E-TFC selected by the UE minus 23 bits, a Scheduling Information shall be concatenated into this MAC-e PDU. In any other case it is understood 
that another MAC-es PDU or Scheduling Information does not fit and it is therefore not necessary to reserve room in the transport block for an additional DDI field.

-
Number of MAC-d PDUs (N):
The number of consecutive MAC-d PDUs corresponding to the same DDI value. The length of the N field is 6 bits.
9.2.4.4
MAC-i header parameters

-
Length (L):
The L field provides the length of the MAC-is SDU in octets. The size can vary for each SDU in the MAC-is PDU, and is set for each SDU individually. The length of the Length field is 11 bits.
-
For FDD: If the size of the data plus header is less than or equal to the TB size of the E-TFC selected by the UE minus 18 bits, a Scheduling Information shall be concatenated into this MAC-i PDU. In any other case it is understood that another MAC-is PDU or Scheduling Information does not fit.
-
For TDD: If the size of the data plus header is less than or equal to the TB size of the E-TFC selected by the UE minus 23 bits, a Scheduling Information shall be concatenated into this MAC-i PDU. In any other case it is understood 
that another MAC-is PDU or Scheduling Information does not fit.
-
Logical channel identifier (LCH-ID):
The LCH-ID field provides identification of the logical channel at the receiver and the re-ordering buffer destination of a MAC-is SDU. In FDD, one LCH-ID value is reserved to indicate that the UE’s E-RNTI is included in the MAC-i header. The length of the LCH-ID is 4 bits.

Table 9.2.4.4-1: Structure of the LCH-ID field (FDD only)
	LCH-ID Field
	Designation

	0000
	Logical channel 1

	0001
	Logical channel 2

	…
	…

	1101
	Logical channel 14

	1110
	Identification of CCCH (SRB0)

	1111
	Identification of E-RNTI being included.


Table 9.2.4.4-2: Structure of the LCH-ID field (1.28 Mcps TDD only)
	LCH-ID Field
	Designation

	0000
	Logical channel 1

	0001
	Logical channel 2

	…
	…

	1101
	Logical channel 14

	1110
	Identification of CCCH (SRB0)

	1111
	Reserved


-
Flag (F):
The F field is a flag indicating if more fields are present in the MAC-i header or not. If the F field is set to "0" the F field is followed by an additional set of LCH-ID, L and F fields. If the F field is set to "1" the F field is followed by a MAC-is PDU. Each header extension corresponds to one MAC-is SDU.
-
E-RNTI (FDD only)
The E-RNTI field provides the UE’s E-RNTI value.

-
Spare (S) (FDD only): 
The S field is needed to achieve octet alignment in case the UE’s E-RNTI is included in the MAC-i header. In this version of the specification, the spare field shall be set to "0000".
Annex C (informative):
Pseudo-Code for E-TFC Selection (FDD)

The pseudo-code below describes one possible implementation of the E-TFC Selection as described in subclause 11.8.1.4:

1>
determine whether to take the scheduled and non-scheduled grants into account in the upcoming transmission. 

1>
if scheduled and/or non-scheduled data can be transmited:

2>
select a MAC-d flow that allows highest-priority data to be transmitted (when more than one MAC-d flow allows data of the same highest priority to be transmitted, it is left to implementation to select which MAC-d flow to prefer);

2>
identify the MAC-d flow(s) whose multiplexing lists allow them to be transmitted in the same TTI as this MAC-d flow, and whose grants allow them to transmit in this TTI and ignore the one(s) that cannot.

2>
based on the HARQ profile of this MAC-d flow, identify the power offset to use;

2>
based on this power offset and the E-TFC restriction procedure, determine the "Maximum Supported Payload" (i.e. maximum MAC-e or MAC-i PDU size or E-TFC that can be sent by the UE during the upcoming transmission);

2>
if the upcoming transmission overlaps with a compressed mode gap on 10ms TTI, scale down the current serving grant (SG);

2>
set "Remaining Scheduled Grant Payload" to the highest payload that could be transmitted according to SG and selected power offset;

2>
for each MAC-d flow with a non-scheduled grant, set the "Remaining Non-scheduled Payload" to the value of the grant;

2>
if Scheduling Information needs to be transmitted:

3>
set "Total Granted Payload" to the sum of "Remaining Non Scheduled Payload" for all non-scheduled MAC-d flows + "Remaining Scheduled Grant Payload" + size of the scheduling information.

2>
else:

3>
set "Total Granted Payload" to the sum of "Remaining Non Scheduled Payload" for all non-scheduled MAC-d flows + "Remaining Scheduled Grant Payload".

2>
set "Remaining Available Payload" to MIN ("Max Supported Payload", "Total Granted Payload");

2>
if "Remaining Available Payload"= an ETFC size:

3>
set "Quantisation Loss" to zero.

2>
else:

3>
set "Quantization Loss" to the value of "Remaining Available Payload" – ("Remaining Available Payload" rounded down to the next smaller E-TFC).

2>
if scheduling information needs to be transmitted:

3>
subtract the size of scheduling information from "Remaining Available Payload".

2>
set "Quantisation Applied" to FALSE;
2>
perform the following loop for each logical channel, in the order of their priorities:

3>
if this logical channel belongs to a MAC-d flow with a non-scheduled grant, then:

4>
consider the "Remaining Non-scheduled Payload" corresponding to the MAC-d flow on which this logical channel is mapped;

4>
fill the MAC-e or MAC-i PDU with SDU(s) from this logical channel up to MIN ("Remaining Non-scheduled Payload" taking into account the MAC-e/es or MAC-i/is headers, Available Data for this logical channel, "Remaining Available Payload" taking into account the MAC-e/es or MAC-i/is headers);

4>
subtract the corresponding bits if any from "Remaining Available Payload" and "Remaining Non-scheduled Payload" taking into account the MAC-e/es or MAC-i/is headers.

3>
else:

4>
If "Quantisation Applied" is TRUE:

5>
fill the MACe PDU with SDU(s) from this logical channel up to MIN ("Remaining Scheduled Grant Payload" taking into account the MAC-e/es or MAC-i/is headers, Available Data for this logical channel, "Remaining Available Payload" taking into account the MAC-e/es or MAC-i/is headers);

5>
subtract the corresponding bits if any from "Remaining Available Payload" and "Remaining Scheduled Grant Payload" taking into account the MAC-e/es or MAC-i/is headers.

4>
else:

5>
fill the MAC-e or MAC-i PDU with SDU(s) from this logical channel up to MIN ("Remaining Scheduled Grant Payload" taking into account the MAC-e/es or MAC-i/is headers, Available Data for this logical channel, "Remaining Available Payload" – "Quantisation Loss" taking into account the MAC-e/es or MAC-i/is headers);

5>
if bits can be transmitted on this logical channel:


6>
set "Remaining Available Payload" to ("Remaining Available Payload" – "Quantisation Loss");


6>
subtract the corresponding bits from "Remaining Available Payload" and "Remaining Scheduled Grant Payload" taking into account the MAC-e/es or MAC-i/is headers;


6>
set "Quantisation Applied" to TRUE.

2>
if Scheduling Information needs to be transmitted:

3>
add Scheduling Information to the MAC-e or MAC-i PDU;

3>
determine the smallest E-TFC that can carry the resulting MAC-e or MAC-i PDU;

3>
if the padding allows a DDI0 to be sent, add it to the end of the MAC-e header.
2>
else:

3>
determine the smallest E-TFC that can carry the resulting MAC-e or MAC-i PDU;

3>
if the padding allows a Scheduling Information to be sent, add it to the MAC-e or MAC-i PDU;

3>
if a Scheduling Information was added to the PDU and if the padding allows a DDI0 or LCH-ID0 to be sent, add it to the end of the MAC-e or MAC-i header.

2>
set the maximum number of HARQ transmissions to the maximum among the maximum number of HARQ transmissions of the HARQ profiles of the MAC-d flows selected for transmissions.

1>
else if Scheduling Information needs to be transmitted:

2>
select the "control-only" HARQ profile;

2>
fill the MAC-e or MAC-i PDU with the scheduling information;
2>
select the smallest E-TFC.
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