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1
Scope

The present document shall provide a description of the UTRAN Iur and Iub interfaces user plane protocols for Dedicated Transport Channel data streams as agreed within the TSG-RAN working group 3.
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4
General aspects

The specification of Iub DCH and E-DCH data streams is also valid for Iur DCH and E-DCH data streams.

The complete configuration of the transport channel is selected by the SRNC and signalled to the Node B via the Iub and Iur control plane protocols.

The parameters of a transport channel are described in [1]. Transport channels are multiplexed on the downlink by the Node B on radio physical channels, and de-multiplexed on the uplink from radio physical channels to transport channels.

In Iur interface, every set of coordinated transport channels related to one UE context that is communicated over a set of cells that are macro-diversity combined within Node B or DRNC, is carried on one transport bearer. This means that there are as many transport bearers as set of coordinated transport channels and Iur DCH data ports for that communication.

In Iub interface, every set of coordinated transport channels related to one UE context that is communicated over a set of cells that are macro-diversity combined within Node B is carried on one transport bearer. This means that there are as many transport bearers as set of coordinated transport channels and Iub DCH data ports for that communication.

Bi-directional transport bearers are used.

4.1
DCH and E-DCH FP services

DCH frame protocol provides the following services:

-
Transport of TBS across Iub and Iur interface.

-
Transport of outer loop power control information between the SRNC and the Node B.

-
Support of transport channel synchronisation mechanism.

-
Support of node synchronization mechanism.

-
[3.84 Mcps TDD and 7.68 Mcps - Transfer of Rx timing deviation from the Node B to the SRNC.]

-
Transfer of radio interface parameters from the SRNC to the Node B.
[FDD – E-DCH frame protocol provides the following services:

-
Transport of MAC-es or MAC-is PDUs across Iub and Iur interface from Node B to SRNC.

-
Transport of outer loop power control information between the SRNC and the Node B.
-
Transfer of radio interface parameters from the SRNC to the Node B.
-
Transport of network congestion indication from SRNC across Iub and Iur interface.
-
Transport of hybrid ARQ information between SRNC and Node B.]
[TDD – E-DCH frame protocol provides the following services:

-
Transport of MAC-es or MAC-is PDUs across Iub and Iur interface from Node B to SRNC.
-
Transport of outer loop power control information between the SRNC and the Node B.

-
Transport of network congestion indication from SRNC across Iub and Iur interface.

-
Transport of hybrid ARQ information between SRNC and Node B.]
4.2
Services expected from the Data Transport Network layer
Following service is required from the transport layer:

-
Delivery of FP PDU.

In sequence delivery is not required. However, frequent out-of-sequence delivery may impact the performance and should be avoided.

4.3
Protocol Version

This revision of the specification specifies version 1 of the protocol.

5
DCH Frame Protocol procedures

5.1
Data Transfer

5.1.0
General

When there is some data to be transmitted, DCH data frames are transferred every transmission time interval from the SRNC to the Node B for downlink transfer, and DCH/E-DCH data frames are transferred every transmission time interval from Node B to the SRNC for uplink transfer. [FDD – For 2 ms Uu TTI and depending on configuration from higher layers, the uplink E-DCH MAC-es or MAC-is PDU’s from one or more 2ms Uu TTI’s may be bundled into one E-DCH Data Frame before being transferred at an interval of e.g. 10ms from the Node B to the SRNC.]
An optional error detection mechanism may be used to protect the data transfer if needed. At the transport channel setup it shall be specified if the error detection on the user data is used.

5.1.1
Uplink for DCH
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Figure 1: Uplink Data Transfer procedure
Two modes can be used for the UL transmission: normal mode and silent mode. The mode is selected by the SRNC when the transport bearer is setup and signalled to the Node B with the relevant control plane procedure.

-
In normal mode, the Node B shall always send an UL DATA FRAME to the RNC for all the DCHs in a set of coordinated DCHs regardless of the number of Transport Blocks of the DCHs.
-
In silent mode and in case only one transport channel is transported on a transport bearer, the Node B shall not send an UL DATA FRAME to the RNC when it has received a TFI indicating "number of TB equal to 0" for the transport channel during a TTI.

-
In silent mode and in case of coordinated DCHs, when the Node B receives a TFI indicating "number of TB equal to 0" for all the DCHs in a set of coordinated DCHs, the Node B shall not send an UL DATA FRAME to the RNC for this set of coordinated DCHs.

For any TTI in which the Node B Layer 1 generated at least one CPHY-Out-of-Sync-IND primitive, the Node B is not required to send an UL DATA FRAME to the SRNC.

When Node B receives an invalid TFCI, no UL DATA FRAME shall be sent to the SRNC.

5.1.1a
Uplink for E-DCH
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Figure 1a: Uplink Data Transfer procedure
When a MAC-e or MAC-i PDU is received, it is demultiplexed into MAC-d flows which are then each sent on separate transport bearers to the RNC using the E-DCH UL DATA FRAME TYPE 1 (MAC-e) or TYPE 2 (MAC-i).

Only silent mode is used, i.e. E-DCH user-plane payload is transmitted using the E-DCH UL DATA FRAME only when some payload has been successfully received.
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5.12
Generation of number of HARQ retransmissions

After successful decoding of E-DCH payload received over Uu, the Node B shall insert the following values in the Number of HARQ Retransmissions IE:

-
If the RSN value in the last HARQ retransmission that resulted in successful decoding has the value 0, 1 [FDD -or 2], then the Node B shall insert the same value in the Number Of HARQ Retransmissions IE in the E-DCH Data Frame.

-
If the RSN value in the last HARQ retransmission that resulted in successful decoding has the value [TDD -2 or] 3, then the Node B shall insert the calculated value of the actual number of retransmissions used for the successful decoding into the Number of HARQ Retransmissions IE in the E-DCH Data Frame. If the actual number of retransmission cannot be calculated, then the Node B shall insert the value 15 in the Number of HARQ Retransmissions IE, indicating that the number of HARQ retransmissions is unknown.

After unsuccessful decoding of the E-DCH payload, the serving Node B shall act according to section 5.13, Indication of HARQ failure.

5.13
Indication of HARQ failure

After unsuccessful decoding of the E-DCH payload and under conditions listed below, the serving Node B shall send a HARQ Failure Indication to the SRNC. [FDD - The non-serving Node B(s) shall not send a HARQ Failure Indication.]
The serving Node B shall send a HARQ Failure Indication to the SRNC under any of the following conditions:

-
A MAC-e or MAC-i PDU for a HARQ process has not yet been successfully decoded and the RSN [TDD -and HARQ process ID] indicates the transmission of a new MAC-e or MAC-i PDU for the same HARQ process and the number of HARQ retransmissions that had already occurred was equal or higher than the lowest of the maximum HARQ retransmissions values for the UE’s configured MAC-d flows.

-
A MAC-e or MAC-i PDU for a HARQ process has not yet been successfully decoded and the maximum retransmissions for the MAC-d flow with the highest maximum HARQ retransmissions value valid for the UE connection have occurred, or should have occurred in case the HARQ related outband signalling (RSN) on the [FDD - E-DPCCH] [TDD - E-UCCH] could not be decoded.

-
A MAC-e or MAC-i PDU for a HARQ process has not yet been successfully decoded when the MAC-e or MAC-i Reset is performed in UE. The Node B knows the timing of the MAC-e or MAC-i Reset in the UE via higher  layer.
The HARQ Failure Indication shall be sent on only one transport bearer. The Node B may select any of the transport bearers associated with the UE for which the HARQ failure relates to.
The HARQ failure is indicated in a user data frame with values set as follows:

-
The CFN and Subframe Number IE values shall reflect the time when the failure was detected

-
TYPE 1: The Number of MAC-es PDUs IE shall be set to zero. As a consequence there are no DDI and N IEs in the header and 4 bits padding is used after Number of MAC-es PDUs IE in order to have the octet aligned structure, and there are no MAC-es PDUs IEs in the payload part of the data frame related to the HARQ failure.
-
TYPE 2: The Number of MAC-is PDUs IE shall be set to zero. As a consequence there are no MAC-i header IE and  there are no MAC-is PDUs IEs in the payload part of the data frame related to the HARQ failure.
-
The Number of HARQ Retransmissions IE shall be set to the number of HARQ retransmissions that occurred when the failure was detected. The coding shall be the same as for a correctly decoded payload as described in section 5.12.

5.14
TNL Congestion Indication 

This procedure is used by the SRNC to signal, on a transport bearer carrying an E-DCH MAC-d flow, that a transport network congestion situation on Iub/Iur has been detected. 
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Figure 9AB: TNL Congestion Indication procedure
At the reception of the TNL CONGESTION INDICATION control frame, the Node B should reduce the bit rate on the Iub interface.
If the TNL CONGESTION INDICATION control frame is indicating “TNL Congestion – detected by frame loss”, or the TNL CONGESTION INDICATION control frame is indicating “TNL Congestion – detected by delay build-up”, the Node B should reduce the bit rate for at least the MAC-d flow on which the congestion indication control frame was received.

If the TNL CONGESTION INDICATION control frame is indicating “No TNL Congestion”, the Node B can gradually go back to normal operation. 

6
Frame structure and coding

6.1
General

The general structure of a DCH FP frame consists of a header and a payload. The structure is depicted in figure 9B.
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Figure 9B: General structure of a frame protocol PDU

The header contains a CRC checksum, the frame type field and information related to the frame type.

There are two types of DCH FP frames (indicated by the FT IE):

-
DCH data frame.

· DCH control frame.
For the UL direction there is also an E-DCH data frame (indicated by signalling). The E-DCH data frame is defined with two structures, TYPE 1 and TYPE 2 depending of if it contains MAC-es PDUs (TYPE 1) or MAC-is PDUs (TYPE 2).
-
E-DCH data frame.
The payload of the data frames contains radio interface user data, quality information for the transport blocks and for the radio interface physical channel during the transmission time interval (for UL only), and an optional CRC field.

The payload of the control frames contains commands and measurement reports related to transport bearer and the radio interface physical channel but not directly related to specific radio interface user data.
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6.2.2.2
UL DATA FRAME FOR E-DCH TYPE 1
The structure of the E-DCH UL DATA FRAME TYPE 1 is shown in Figure 11a. TYPE 1 frame structure is used when the E-DCH UL DATA FRAME is carrying MAC-es PDUs [16].
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Figure 11a: E-DCH UL DATA FRAME structure

For the description of the fields see subclause 6.2.4.

When there is an even, including zero, number of DDI + N field pairs for a subframe, then 4 bits padding is used as shown in the figure in order to have the octet aligned structure.

The Payload CRC IE is optional in frames that contain a Payload, i.e. the whole 2 bytes field may or may not be present in the frame structure (this is defined at the setup of the transport bearer). The Payload CRC IE may only be present if the E-DCH UL data frame contains payload.
6.2.2.x
UL DATA FRAME FOR E-DCH TYPE 2

The structure of the E-DCH UL DATA FRAME TYPE 2 is shown in Figure 11b. TYPE 2 frame structure is used when the E-DCH UL DATA FRAME is carrying MAC-is PDUs [16].
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Figure 11b: E-DCH UL DATA FRAME Type 2 structure
For the description of the fields see subclause 6.2.4.

The Payload CRC IE is optional in frames that contain a Payload, i.e. the whole 2 bytes field may or may not be present in the frame structure (this is defined at the setup of the transport bearer). The Payload CRC IE may only be present if the E-DCH UL data frame contains payload.
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6.2.4
Coding of information elements in data frames

6.2.4.1
Header CRC

Description: Result of the CRC applied to the remaining part of the header, i.e. from bit 0 of the first byte (the FT IE) to the bit 0 (included) of the last byte of the header (not including the Header CRC Cont four bits), with one of the corresponding generator polynomials:
G(D) = D7+D6+D2+1 for the 7 bit header CRC, 
G(D) = D11 + D9 + D8 + D2 + D + 1 for the 11 bit header CRC.
See subclause 7.2.

Field Length: 7 bits. 11 bits for UL Data Frame for E-DCH.
6.2.4.2
Frame Type (FT)

Description: Describes if it is a control frame or a data frame.

Value range: {0=data, 1=control}.

Field Length: 1 bit.

6.2.4.3
Connection Frame Number (CFN)

Description: Indicator as to which radio frame the first data was received on uplink or shall be transmitted on downlink. See [2]. For E-DCH the Connection Frame Number shall indicate the radio frame when the HARQ process correctly decoded the data.
For E-DCH apart from reordering purposes, CFN (and Subframe number) can be used for dynamic delay measurements.

Value range: {0-255}.

Field length: 8 bits.

6.2.4.4
Transport Format Indicator (TFI)

Description: TFI is the local number of the transport format used for the transmission time interval. For information about what the transport format includes see [3].
Value range: {0-31}.

Field length: 5 bits.

6.2.4.5
Quality Estimate (QE)

Description: The quality estimate is derived from the transport channel BER [FDD - or physical channel BER.]

[FDD - If the DCH FP frame includes TB's for the DCH which was indicated as "selected" with the QE-selector IE in the control plane [4] [6], then the QE is the transport channel BER for the selected DCH. If no transport channel BER is available the QE is the physical channel BER.]

[FDD - If the value of the QE-Selector IE equals "non-selected" for all DCHs in the DCH FP frame, then the QE is the physical channel BER.]

[TDD - If no transport channel BER is available, then the QE shall be set to 0. This is in particular the case when no transport blocks have been received. The value of QE will be ignored by the RNC in this case.]

The quality estimate shall be set to the transport channel BER [FDD - or physical channel BER] and be measured in the units TrCh_BER_LOG [FDD - and PhCh_BER_LOG respectively] (see [7] and [8]). The quality estimate is needed in order to select a transport block when all CRC indications are showing bad (or good) frame. The UL outer loop power control may also use the quality estimate.

Value range: {0-255}.

Granularity: 1.
Field length: 8 bits.

6.2.4.6
Transport Block (TB)

Description: A block of data to be transmitted or received over the air interface. The transport format indicated by the TFI describes the transport block length and transport block set size. See [3].

Field length: The length of the TB is specified by the TFI.

6.2.4.7
CRC indicator (CRCI)

Description: Indicates the correctness/incorrectness of the TB CRC received on the Uu interface. For every transport block included in the data frame a CRCI bit will be present, irrespective of the presence of a TB CRC on the Uu interface. If no CRC was present on the Uu for a certain TB, the corresponding CRCI bit shall be set to "0".

Value range: {0=Correct, 1=Not Correct}.

Field length: 1 bit.

6.2.4.8
Payload CRC

Description: CRC for the payload. This field is optional. It is the result of the CRC applied to the remaining part of the payload, i.e. from the bit 7 of the first byte of the payload to the bit 0 of the byte of the payload before the Payload CRC IE, with the corresponding generator polynomial:
G(D) = D16+D15+D2+1. See clause 7.2.

Field length: 16 bits.

6.2.4.9
Spare Extension

Description: Indicates the location where new IEs can in the future be added in a backward compatible way.

Field length: 0-32 octets.
6.2.4.10
Subframe Number

Description: Indicates the subframe number in which the payload was received. Apart from reordering purposes, Subframe number (and CFN) can be used for dynamic delay measurements. [3.84 Mcps TDD, 7.68 Mcps TDD – This will always be set to "0".][1.28 Mcps TDD – This will  be set to {0-1}.]
Value range: {0-4}
Field length: 3 bits.

6.2.4.11
Number of HARQ Retransmissions, NHR

Description: Indicates the number of HARQ retransmissions used for successful decoding of the payload, or in case of HARQ decoding failure the number of HARQ retransmissions that were used at the time when the HARQ decoding failure was detected. The value 15 indicates that the Node B could not calculate the number of HARQ retransmissions.
Value range: {0-15}

Value {12}: Used for indicating that the number of HARQ retransmissions was 12 or higher.

Values {13, 14}: Reserved in this user plane revision. Shall be ignored by the receiver.

Value {15}: Used for indicating that the number of HARQ retransmissions is unknown.
Field length: 4 bits.
6.2.4.12
Number of Subframes
Description: The Number of Subframes field indicates how many subframes that follows in the frame. [TDD – This will always be set to "1".]
Note: A subframe has both a header portion and a payload portion in the frame.
Value range: {1-16}

The binary coding is derived from the value minus 1. E.g. value 1 is coded as binary “0000” and value 16 is coded as binary “1111”.
Values {11, 12, 13, 14, 15, 16}: Reserved in this user plane revision. Shall be ignored by the receiver.
Field length: 4 bits.

6.2.4.13
Number of MAC-es PDUs

Description: Indicates the number of MAC-es PDUs in the user data frame in the payload part for the corresponding subframe number.
Value range: {0-15}
Field length: 4 bits.

6.2.4.14
Data Description Indicator, DDI 

Description: The Data Description Indicator is mapped directly from the DDI field received over the Uu.

Field length: 6 bits.

6.2.4.15
Number of MAC-d PDUs, N

Description: The Number of MAC-d PDUs is mapped directly from the N field received over the Uu.

Field length: 6 bits.
6.2.4.16
FSN – Frame Sequence Number 

Description: The 4-bit Frame Sequence Number is incremented (modulo 16) for each transmitted data frame. Each flow generates its own Frame Sequence.

Value range: {0..15}.

Granularity: 1.
Field length: 4 bits.
6.2.4.x
Number of MAC-is PDUs

Description: Indicates the number of MAC-is PDUs in the user data frame in the payload part for the corresponding subframe number.

Value range: {0-15}

Field length: 4 bits.
6.2.4.y
User Buffer size

Description: Indicates the the total size of the UL DATA FRAME TYPE 2 in octets 

Value range: {0-262 140}.

Field length: 18 bits.

6.2.4.z
Number of MAC-is SDU in frame
Description: Total number of MAC-is SDUs in all MAC-is PDUs in the UL DATA FRAME TYPE 2. One MAC-is SDU corresponds to one MAC-d PDU as described in [16].
Value range: {0-1024}.

Field length: 12 bits.
6.2.4.xx
MAC-i header
Description: The MAC-i header is mapped directly from the MAC-i header field received over the Uu.
Field length: variable; length of one MAC-i header in octets = 2 (FFS) * number of MAC-is SDU contained in the corresponding MAC-is PDU as described in [16].
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