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4.2.3.5
MAC-ehs entity – UE Side

In the model below the MAC-ehs comprise the following entities:

· HARQ: 
The HARQ entity is responsible for handling the HARQ protocol. There shall be one HARQ process per HS-DSCH per TTI for single stream transmission and two HARQ processes per HS-DSCH per TTI for dual stream transmission. The HARQ functional entity handles all the tasks that are required for hybrid ARQ. It is for example responsible for generating ACKs or NACKs. The detailed configuration of the hybrid ARQ protocol is provided by RRC over the MAC-Control SAP.

-
Disassembly


The disassembly entity disassembles the MAC-ehs PDUs by removing the MAC-ehs header and possible padding.

-
Reordering queue distribution


The reordering queue distribution function routes the received reordering PDUs to correct reordering queues based on the received logical channel identifier.

-
Reordering:
The reordering entity organises received reordering PDUs according to the received TSN. Data blocks with consecutive TSNs are delivered to reassembly entity upon reception. A timer mechanism determines delivery of non-consecutive data blocks to higher layers. There is one reordering entity for each priority class. For the logical channels BCCH and PCCH (i.e. LCH-ID field is set to 1111) no re-ordering is applied.
-
Reassembly:
The reassembly entity reassembles segmented MAC-ehs SDUs (corresponding to either MAC-c or MAC-d PDUs) and forwards the MAC PDUs to LCH-ID demultiplexing entity. 

-
LCH-ID demultiplexing:
The demultiplexing entity routes the MAC-ehs SDUs to correct logical channel based on the received logical channel identifier.

The following is allowed:
The MAC-ehs SDUs included in a MAC-ehs PDU can have a different size and a different priority and can be mapped to different priority queues. 
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Figure 4.2.3.5-1: UE side MAC architecture/MAC-ehs details.
9.2.2
MAC PDU: Parameters of the MAC header (HS-DSCH)

If MAC-hs is configured by upper layers [7], the parameters for the MAC header are:

-
Version Flag (VF):
The VF field is a one bit flag providing extension capabilities of the MAC-hs PDU format. The VF field shall be set to zero and the value one is reserved in this version of the protocol.

-
Queue identifier (Queue ID):
The Queue ID field provides identification of the reordering queue in the receiver, in order to support independent buffer handling of data belonging to different reordering queues. The length of the Queue ID field is 3 bit.

-
Transmission Sequence Number (TSN):
The TSN field provides an identifier for the transmission sequence number on the HS-DSCH. The TSN field is used for reordering purposes to support in-sequence delivery to higher layers. For 1.28 Mcps TDD multi-frequency HS-DSCH operation mode, the length of the TSN field can be 6 bits or 9 bits, which is configured by higher layer. For other opercation modes, the The length of the TSN field is 6 bit.

-
Size index identifier (SID):
The SID fields identifies the size of a set of consecutive MAC-d PDUs. The MAC-d PDU size for a given SID is configured by higher layers and is independent for each Queue ID. The length of the SID field is 3 bit.

-
Number of MAC-D PDUs (N):
The number of consecutive MAC-d PDUs with equal size is identified with the N field. The length of the N field is 7 bits. In FDD mode, the maximum number of PDUs transmitted in a single TTI shall be assumed to be 70. In 1.28 Mcps TDD mode, the maximum number of PDUs transmitted in a single TTI shall be assumed to be 45. In 3.84 Mcps TDD mode, the maximum number of PDUs transmitted in a single TTI shall be assumed to be 318. In 7.68 Mcps TDD mode, the maximum number of PDUs transmitted in a single TTI shall be assumed to be 636. If more PDUs than the defined maximum number of PDUs for the corresponding mode are received, the UE behaviour is unspecified.
-
Flag (F):
The F field is a flag indicating if more fields are present in the MAC-hs header or not. If the F field is set to "0" the F field is followed by an additional set of SID, N and F fields. If the F field is set to "1" the F field is followed by a MAC-d PDU. The maximum number of MAC-hs header extensions, i.e. number of fields F set to "0", in a single TTI shall be assumed to be 7. If more extensions than the maximum defined for the corresponding mode are included in a TTI, the UE behaviour is unspecified.

If MAC-ehs is configured by upper layers [7], the parameters for the MAC header are:

-
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 reordering SDU.
The length of the LCH-ID is 4 bits. 

In FDD, when SDU from BCCH or PCCH logical channel is transmitted on HS-DSCH the LCH-ID field in MAC-ehs header is set to 1111. The identification of the logical channel is done based on H-RNTI value used for broadcast information in or for paging in HS-SCCH. Table 9.2.2-0 shows the 4-bit LCH-ID field.
Table 9.2.2-0: Structure of the LCH-ID field

	LCH-ID field
	Designation

	0000
	Logical channel 1

	0001
	Logical channel 2

	...
	... 

	1110
	Logical channel 15

	1111
	Used when SDU from BCCH or PCCH logical channel is transmitted on HS-DSCH


-
Transmission Sequence Number (TSN):

The TSN field provides an identifier for the transmission sequence number on the HS-DSCH. The TSN field is used for reordering purposes to support in-sequence delivery to higher layers. 
The length of the TSN field is 6 bit.

-
Segmentation Indication (SI)

The SI field indicates if the MAC-ehs SDU has been segmented. Table 9.2.2-1 shows the 2 bit SI field. 

Table 9.2.2-1: Structure of the SI field

	SI Field
	Segmentation indication

	00
	The first reordering SDU of the reordering PDU is a completeMAC-ehs SDU.

The last reordering SDU of the reordering PDU is a complete MAC-ehs SDU.

	01
	If there are more than one reordering SDUs in the reordering PDU, the last reordering SDU of the reordering PDU is a complete MAC-ehs SDU. 

The first reordering SDU of the reordering PDU is the last segment of a MAC-ehs SDU.

	10
	If there are more than one reordering SDUs in the reordering PDU, the first reordering SDU of the reordering PDU is a complete MAC-ehs SDU.

The last reordering SDU of the reordering PDU is the first segment of a MAC-ehs SDU.

	11
	If there are more than one reordering SDUs in the reordering PDU, the first reordering SDU of the reordering PDU is the last segment of a MAC-ehs SDU and the last reordering SDU of reordering PDU is the first segment of a MAC-ehs SDU.
If there is only one reordering SDU in the reordering PDU, the reordering SDU is a middle segment of a MAC-ehs SDU.


-
Length (L)

The L field provides the length of the reordering SDU in octets. The reordering SDU size can vary for each reordering SDU in the MAC-ehs PDU, and is set for each reordering SDU individually. The length of the Length field is 11 bits.

-
Flag (F)


The F field is a flag indicating if more fields are present in the MAC-ehs header or not. If the F field is set to "0" the F field is followed by an additional set of LCH-ID and L fields and optionally (as described in section 9.1.4) TSN and SI fields. If the F field is set to "1" the F field is followed by a reordering PDU. Each header extension corresponds to one reordering SDU.

11.6.4.5
Reordering entity

11.6.4.5.1
Definitions

The Reordering entity shall be applied to all logical channels except for BCCH and PCCH (i.e. LCH-ID field is set to 1111).
In the functions described in this section the following definitions apply:
Parameters

-
Transmitter window size (TRANSMIT_WINDOW_SIZE) 
TRANSMIT_WINDOW_SIZE is the size of the transmitter window according to the definition below.  This is a parameter in the Node B and the value of the parameter is configured by higher layers. 

-
Receiver window size (RECEIVE_WINDOW_SIZE)
RECEIVE_WINDOW_SIZE is the size of the receiver window according to the definition below. This is a parameter in the UE and the value of the parameter is configured by higher layers.
State variables

All state variables are non-negative integers. Reordering PDUs are numbered by modulo integer Transmission sequence numbers (TSN) cycling through the field 0 to 63. All arithmetic operations contained in the present document on next_expected_TSN, RcvWindow_UpperEdge, T1_TSN and TSN_flush are affected by the 64 modulus. When performing arithmetic comparisons of state variables or Transmission sequence number values a 64 modulus base shall be used. This modulus base is subtracted (within the appropriate field) from all the values involved and then an absolute comparison is performed. RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE + 1 shall be assumed to be the modulus base.
-
next_expected_TSN:
The next_expected_TSN is the Transmission sequence number (TSN) following the TSN of the last in-sequence reordering PDU received. It shall be updated according to the procedures given in subclauses 11.6a.2.3.2, 11.6a.2.5 and 11.6a.2.6. For CELL_DCH, the initial value of next_expected_TSN =0. For states other than CELL_DCH the initial value of the next_expected_TSN = RcvWindow_UpperEdge - RECEIVE_WINDOW_SIZE + 1.
-
RcvWindow_UpperEdge:
The RcvWindow_UpperEdge represents the TSN, which is at the upper edge of the receiver window. After the first reordering PDU has been received successfully, it also corresponds to the reordering PDU with the highest TSN of all received reordering PDUs. The initial RcvWindow_UpperEdge equals 63. RcvWindow_UpperEdge is updated based on the reception of new reordering PDU according to the procedure given below.

-
T1_TSN:
The TSN of the latest reordering PDU that cannot be delivered to the reassembly entity, when the timer T1 is started.

Timers

-
Re-ordering release timer (T1):
The Re-ordering release timer T1 controls the stall avoidance in the UE reordering buffer as described below. The value of T1 is configured by upper layers.

-
Reset timer (Treset) (FDD only) 
Treset controls the reset of the MAC-ehs reordering functionality. This timer is not used when the UE is in CELL_DCH state.

Other definitions

-
Receiver window:
The receiver window defines TSNs of those reordering PDUs that can be received in the receiver without causing an advancement of the receiver window according to the procedure below. The size of the receiver window equals RECEIVE_WINDOW_SIZE and spans TSNs going from RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE + 1 to RcvWindow_UpperEdge included.
11.6.4.5.2
Reordering functionality
If no timer T1 is active:

-
the timer T1 shall be started when a reordering PDU with TSN > next_expected_TSN is correctly received. 
-
T1_TSN shall be set to the TSN of this reordering PDU.
If a timer T1 is already active:

-
no additional timer shall be started, i.e. only one timer T1 may be active at a given time.

The timer T1 shall be stopped if:

-
the reordering PDU with TSN = T1_TSN can be delivered to the reassembly entity before the timer expires.

When the timer T1expires and T1_TSN > next_expected_TSN:

-
all correctly received reordering PDUs with TSN > next_expected_TSN up to and including T1_TSN-1 shall be delivered to the reassembly entity;

-
all correctly received reordering PDUs up to the next not received reordering PDU shall be delivered to the reassembly entity.
-
next_expected_TSN shall be set to the TSN of the next not received reordering PDU.
When the timer T1 is stopped or expires, and there still exist some received reordering PDUs that can not be delivered to higher layer:

-
timer T1 is started
-
set T1_TSN to the highest TSN among those of the reordering PDUs that can not be delivered.

For FDD only, if the UE is not in CELL_DCH state and if the timer Treset is not active:

-
the timer Treset shall be started when a reordering PDU is correctly received.

For FDD only, if the UE is in any state other than CELL_DCH state and if a timer Treset is already active:

-
the timer Treset shall be restarted when a reordering PDU is correctly received. 

-
no additional timer shall be started, i.e. only one timer Treset may be active at a given time.

When the timer Treset expires:

-
perform a MAC-ehs reset.

For FDD only, if the UE enters CELL_DCH state:

-
stop all configured Treset timers.

Transmitter operation:

After the transmitter has transmitted a reordering PDU with TSN=SN, any reordering PDU with TSN ( SN – TRANSMIT_WINDOW_SIZE should not be retransmitted to avoid sequence number ambiguity in the receiver.

Receiver operation:

When a reordering PDU with TSN = SN is received:

-
if SN is within the receiver window:

-
if SN < next_expected_TSN, or this reordering PDU has previously been received:

-
the reordering PDU shall be discarded;
-
else:
-
the reordering PDU shall be placed in the reordering buffer at the place indicated by the TSN.

-
if SN is outside the receiver window:

-
the received reordering PDU shall be placed above the highest received TSN in the reordering buffer, at the position indicated by SN;

-
RcvWindow_UpperEdge shall be set to SN thus advancing the receiver window;

-
any reordering PDU with TSN ( RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE, i.e. outside the receiver window after its position is updated, shall be removed from the reordering buffer and be delivered to the reassembly entity;
-
if next_expected_TSN is below the updated receiver window:

-
next_expected_TSN shall be set to RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE + 1; 

-
if the reordering PDU with TSN = next_expected_TSN is stored in the reordering buffer:
-
all received reordering PDUs with consecutive TSNs from next_expected_TSN (included) up to the first not received reordering PDU shall be delivered to the reassembly entity;
-
next_expected_TSN shall be advanced to the TSN of this first not received reordering PDU.
In case a UE has insufficient memory to process a received reordering PDU, it shall perform the following set of operations:

-
select TSN_flush such that: next_expected_TSN < TSN_flush ≤ RcvWindow_UpperEdge + 1;

-
deliver all correctly received reordering PDUs with TSN < TSN_flush to the reassembly entity;

-
if the reordering PDU with TSN=TSN_flush has previously been received:

-
deliver all received reordering PDUs with consecutive TSNs from TSN_flush (included) up to the first not received reordering PDU to the reassembly entity;

-
advance next_expected_TSN to the TSN of this first not received reordering PDU.

-
else:
-
set next_expected_TSN to TSN_flush.

11.6.4.6
Reassembly unit

The reassembly unit processes the SI field associated with a reordering PDU. The UE shall:

-
if SI field is set to "00":

-
deliver all MAC-d or MAC-c PDUs corresponding to MAC-ehs SDUs in the reordering PDU to demultiplexing entity;
-
discard any previously stored segment of MAC-ehs SDU.
-
if SI field is set to "01":

-
if the received and stored segments of a MAC-ehs SDU are consecutive:

-
combine the first reordering SDU with the stored segment of MAC-ehs SDU;

- 
deliver the MAC-d or MAC-c PDU corresponding to the combined MAC-ehs SDU to demultiplexing entity.

- 
if the received and stored segments of MAC-ehs SDU are not consecutive

- 
discard the first received reordering SDU and the stored segment of MAC-ehs SDU.

-
deliver all MAC-d or MAC-c PDUs corresponding to subsequent MAC-ehs SDUs in the reordering queue to demultiplexing entity;

-
if SI field is set to "10":

-
deliver all MAC-d or MAC-c PDUs corresponding to all but last reordering SDU in the reordering PDU to the demultiplexing entity;

-
discard any previously stored segment of MAC-ehs SDU and store the last reordering SDU of the received reordering PDU

-
if SI field is set to "11":

-
if the received and stored MAC-ehs SDUs are consecutive:

-
if there is only one reordering SDU in the reordering PDU:

- 
combine the received reordering SDU with the stored segment of MAC-ehs SDU:

-
if there is more than one reordering SDU in the reordering PDU:

-
combine the first received reordering SDU with the stored segment MAC-ehs SDU;

- 
deliver the MAC-d or MAC-c PDU corresponding to the combined MAC-ehs SDU to demultiplexing entity.

-
deliver all MAC-d or MAC-c PDUs corresponding to all but last reordering SDU in the reordering PDU to demultiplexing entity;

-
discard any previously stored segment of MAC-ehs SDU and store the last reordering SDU of the received reordering PDU.

-
if the received and stored segments of the MAC-ehs SDU are not consecutive:

-
discard the first received reordering SDU and the stored segment of MAC-ehs SDU;

-
if there is more than one reordering SDU in the reordering PDU:

-
deliver all MAC-d or MAC-c PDUs corresponding to all but first and last reordering SDUs in the reordering PDU to demultiplexing entity and store the last reordering SDU of the received reordering PDU.
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