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4.2.1.2
Unacknowledged mode entities

The transmitting UM-entity receives SDUs from the higher layers. RLC might segment the SDUs into RLC PDUs of appropriate size. The SDU might also be concatenated with other SDUs.. RLC delivers the RLC PDUs to MAC through either a DCCH, CTCH or a DTCH. The CCCH and SHCCH also uses unacknowledged mode, but only for the downlink. Which type of logical channel depends on if the higher layer is located in the control plane (CCCH, DCCH, SHCCH) or user plane (CTCH, DTCH).

The receiving UM-entity receives PDUs through one of the logical channels from the MAC sublayer. RLC removes header from the PDUs and reassembles the PDUs (if segmentation has been performed) into RLC SDUs. The RLC SDUs are delivered to the higher layer.

4.2.1.3
Acknowledged mode entity

The transmitting side of the AM-entity receives SDUs from the higher layers. The SDUs are segmented and/or concatenated to PUs of fixed length. PU length is a semi-static value that is decided in bearer setup and can only be changed through bearer reconfiguration by RRC. 

For purposes of RLC buffering and retransmission handling, the operation is the same as if there would be one PU per PDU. For concatenation or padding purposes, bits of information on the length and extension are inserted into the beginning of the last PU where data from an SDU is included. Padding can be replaced by piggybacked status information. This includes setting the poll bit. 

If several SDUs fit into one PU, they are concatenated and the appropriate length indicators are inserted into the beginning of the PU. After that the PUs are placed in the retransmission buffer and the transmission buffer. One PU is included in one RLC PDU. 

The MUX then decides which PDUs and when the PDUs are submitted to lower layer. The PDUs are submitted via a function that completes the AMD PDU header and potentially replaces padding with piggybacked status information. The RLC entity shall assume a PDU to be transmitted when the PDU is submitted to lower layer.
The ciphering is applied only for AMD PDUs. The fixed 2 octet AMD PDU header is not ciphered. Piggybacked and Padding parts of AMD PDU when existing are ciphered. The other Control PDUs (e.g, STATUS, RESET, and RESET ACK PDU) shall not be ciphered.
When Piggybacking mechanism is applied the padding is replaced by control information, in order to increase the transmission efficiency and making possible a faster message exchange between the peer to peer RLC entities. The piggybacked control information is not saved in any retransmission buffer. The piggybacked control information is contained in the piggybacked STATUS PDU, which is in turn included into the AMD-PDU. The piggybacked STATUS PDUs will be of variable size in order to match with the amount of free space in the AMD PDU.

The retransmission buffer also receives acknowledgements from the receiving side, which are used to indicate retransmissions of PUs and when to delete a PU from the retransmission buffer. 

The Receiving Side of the AM-entity receives PDUs through one of the logical channels from the MAC sublayer. The RLC-PDUs are expanded into separate PUs and potential piggybacked status information are extracted. The PUs are placed in the receiver buffer until a complete SDU has been received. The receiver buffer requests retransmissions of PUs by sending negative acknowledgements to the peer entity. After that the RLC headers are removed from the PDUs and the PDUs are reassembled into a SDU. Finally the SDU is delivered to the higher layer. The receiving side also receives acknowledgements from the peer entity. The acknowledgements are passed to the retransmission buffer on the transmitting side.

9.2.1.3
UMD PDU

The UMD PDU transfers user data when RLC is operating in unacknowledged mode. The length of the data part shall be an integer number of octets. The UMD PDU header consists of the first octet, which contains the sequence number. The RLC header consists of the first octet and all the octets that contain length indicators.
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Figure 9.2: UMD PDU

NOTE (1):
The Length Indicator may be 15 bits.

9.2.1.4
AMD PDU

The AMD PDU transfers user data and piggybacked status information and requests status report by setting Poll bit when RLC is operating in acknowledged mode. The length of the data part shall be an integer number of octets. The AMD PDU header consists of the first two octets, which contain the sequence number. The RLC header consists of the first two octets and all the octets that contain length indicators.
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Figure 9.3: AMD PDU

9.2.2.8
Length Indicator (LI)

The Length Indicator is used to indicate, each time, the end of an SDU occurs in the PU. The Length Indicator points out the number of octets between the end of the last Length Indicator field and up to and including the octet at the end of an SDU segment. Length Indicators are included in the PUs that they refer to. The size of the Length Indicator may be either 7bits or 15bits. The value of a Length Indicator shall not exceed the values specified in subclauses 11.2.4.2 and 11.3.4.5. 
A Length Indicator group is a set of Length Indicators that refer to a PU. Length Indicators that are part of a Length Indicator group must never be reordered within the Length Indicator group or removed from the Length Indicator group.

11.1.2.1
TrD PDU contents to set

The TrD PDU includes a complete SDU or a segment of an SDU. How to perform the segmentation is decided upon when the service is established. No overhead or header is added, instead segmentation is done based on which of the transport formats of the transport channel that will be used. A particular transport format informs the receiver how the segmentation was performed.

11.2.2.1
UMD PDU contents to set

The Sequence Number field shall be set equal to VT(US). 

The Extension bit shall be set to 1 if the next field is a length indicator field, otherwise it shall be set to zero.

One length indicator field shall be included for each end of a SDU that the PDU includes. The LI shall be set equal to the number of octets between the end of the RLC header fields and the end of the segment. If padding is needed, another LI field set to only 1's shall be added unless the padding size is one octet for PDUs with 15-bit LIs. If the PDU is exactly filled with the last segment of a SDU and there is no room for an LI field, an LI field set to only 0's shall be included as the first length indicator in the following PDU. If the PDU with 15-bit LIs has only one octet left after filling with the last segment of a SDU and there is no room for a 15-bit LI field, an LI field set to the predefined value 11111111 1111011 shall be included in the next PDU.

11.2.3
Reception of UMD PDU

Upon reception of a UMD PDU, the receiver shall update VR(US) state variable according to the received PDU(s).

The PDUs are reassembled into RLC SDUs. If a PDU with sequence number < VR(US) is missing then all SDUs that have segments in this PDU shall be discarded. RLC delivers the RLC SDUs to the higher layer through the UM-SAP. 

11.2.4
Abnormal cases

11.2.4.1
Length Indicator value 1111110

Upon reception of an UMD PDU that contains Length Indicator value 1111110 or 111111111111110 ("piggybacked STATUS PDU", in case 7bit or 15 bit Length Indicator field is used, respectively) the receiver shall discard that UMD PDU. This Length Indicator value is not used in unacknowledged mode data transfer.

11.2.4.2
Invalid length indicator value

If the length indicator of a PDU has a value that is larger than the PDU size – RLC header size and is not one of the predefined values listed in the table of subclause 9.2.2.8, the PDU shall be discarded and treated as a missing PDU.

11.3
Acknowledged mode data transfer procedure

11.3.2.1
AMD PDU contents to set

If the PDU is transmitted for the first time, the Sequence Number field shall be set equal to VT(S) and VT(S) shall be updated.

The setting of the Polling bit is specified in subclause 11.3.2.1.1.

One length indicator field shall be included for each end of a SDU that the PDU includes. The LI shall be set equal to the number of octets between the end of the RLC header fields and the end of the segment. If the PDU is exactly filled with the last segment of a SDU and there is no room for an LI field, an LI field set to only 0's shall be included as the first length indicator in the following PDU. If the PDU with 15-bit LIs has only one octet left after filling with the last segment of a SDU and there is no room for a 15-bit LI field, an LI field set to the predefined value 11111111 1111011 shall be included in the next PDU.
How to perform the segmentation of a SDU is specified in subclause 11.3.2.1.2.

11.3.3
Reception of AMD PDU by the receiver

Upon reception of a AMD PDU, the receiver shall update VR(R), VR(H) and VR(MR) state variables according to the received PU(s).

If any of the PUs includes a Polling bit set to 1, the STATUS PDU transfer procedure shall be initiated.

If the detection of missing PU(s) shall be used and the receiver detects that a PU is missing, the receiver shall initiate the STATUS PDU transfer procedure.

11.3.4
Abnormal cases

11.3.4.5
Invalid length indicator value

If the length indicator of a PU has a value that is larger than the PDU size – RLC header size and is not one of the predefined values listed in the table of subclause 9.2.2.8, the PU shall be discarded and treated as a missing PU.

11.7
Ciphering

The ciphering function is performed in RLC, according to the following rules if a radio bearer is using a non-transparent RLC mode (AM or UM). The data unit that is ciphered, depends on the transmission mode as described below.

-
For RLC UM mode, the ciphering unit is the UMD PDU excluding the first octet, i.e. excluding the RLC UMD PDU header. This is shown below in Figure 11.7.1.
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Figure 11.7.1: Ciphering unit for a UMD PDU

-
For RLC AM mode, the ciphering unit is the AMD PDU excluding the first two octets, i.e. excluding the RLC AMD PDU header. This is shown below in Figure 11.7.2.
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Figure 11.7.1: Ciphering unit for a AMD PDU

The ciphering algorithm and key to be used are configured by upper layers [8] and the ciphering method shall be applied as specified in [10].

The parameters that are required by RLC for ciphering are defined in [10] and are input to the ciphering algorithm. The parameters required by RLC which are provided by upper layers [8] are listed below:

-
RLC AM HFN (Hyper frame number for radio bearers that are mapped onto RLC AM)

-
RLC UM HFN (Hyper frame number for radio bearers that are mapped onto RLC UM)

-
BEARER (Radio Bearer ID)

-
CK (Ciphering Key)

 is not equal to zero.
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