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4.2.1.2
Unacknowledged mode entities

Figure 4-3 below shows the model of two unacknowledged mode peer entities.

Figure 4‑3: Model of two unacknowledged mode peer 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 adds a header and the PDU is placed in the transmission buffer. RLC delivers the RLC PDUs to MAC through either a DCCH, a SHCCH (downlink only) or a DTCH. The CCCH 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 (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.

7
Services expected from MAC

For a detailed description of the following functions see [3].

-
Data transfer
9.2.2.3
Sequence Number (SN)

This field indicates the sequence number of the payload unit. If header compression is applied the sequence number of the first PU in the PDU is indicated. Otherwise a sequence number is indicated separately for each PU in the extended header.

PDU type
Length
Notes

AMD PDU
12 bits
Used for retransmission and reassembly

UMD PDU
7 bits
Used for reassembly

9.2.2.7
Header Extension Type (HE)

Length: 2 bits

This two-bit field indicates the format of the extended header.

Value
Description

00
The succeeding octets contains data

01
The succeeding octet contains a 7bit length indicator and E bit

10
The succeeding field contains an extended header field

11
The succeeding two octets contain a 15bit length indicator and E bit 

9.2.2.8
Length Indicator (LI)

This field is optional and is used if concatenation, padding or a piggybacked STATUS PDU takes place in a PU. It indicates the end of the last segment of a SDU. It points out the end of a segment by giving the number of octets between the end of the header fields (including the length indicator fields) and the end of the segment. The size of the Length Indicator may be either 7bits or 15bits. If the last segment of a SDU do not completely fill a PU either padding or a piggybacked STATUS PDU can be added. Predefined values of the length indicator are used to indicate this. The padding/piggybacked STATUS PDU predefined length indicators shall be added after the length indicator that indicates the end of the last SDU segment in the PU. The values that are reserved for special purposes are listed in the tables below depending on the size of the Length Indicator.

If a length indicator that indicates padding/piggybacked STATUS PDU refers to the last PU in the PDU it implicitly means that the rest of the PDU contains padding/piggybacked STATUS PDU. If the last PU in a PDU does not include padding or piggybacked STATUS PDU, but the PDU includes padding or a piggybacked STATUS PDU, an extra length indicator field shall be added as a normal length indicator to the last PU. This extra length indicator shall indicate either padding or a piggybacked STATUS PDU and shall be placed as the last length indicator in the PDU. The space needed for this length indicator shall not be taken from the data part in the PU, but from the padding or piggybacked STATUS PDU in the PDU. The receiving entity shall discard this length indicator.

If  RLC PDUs always carry only one PU, 7bit indicators are used in a particular RLC PDU if the address space is sufficient to indicate all SDU segment borders. Otherwise 15bit Length Indicators are applied.  

If  RLC PDUs may carry more than one PUs the length of the Length Indicator only depends on the size of the largest RLC PDU and the size of the Length Indicator is always the same for all PUs. 

Only one size of Length Indicators is used in one RLC PDU.

Length: 7bit

Bit
Description

0000000
The previous RLC PU was exactly filled with the last segment of a RLC SDU.

1111110
The rest part of the RLC PU or RLC PDU includes a piggybacked STATUS PDU.

1111111
The rest part of the RLC PU or RLC PDU is padding.

Length: 15bit

Bit
Description

000000000000000
The previous RLC PU was exactly filled with the last segment of a RLC SDU.

111111111111110
The rest part of the RLC PU or RLC PDU includes a piggybacked STATUS PDU.

111111111111111
The rest part of the RLC PU or RLC PDU is padding.

9.2.2.9
Data

RLC SDUs are mapped to this field. RLC SDUs might be segmented. If possible, the last segment of a SDU shall be concatenated with the first segment of the next SDU in order to fill the data field completely and avoid unnecessary padding. The length indicator field is used to point the borders between SDUs.

9.3.3.3
Reset Pending State

In the reset pending state the entity waits for a response from its peer entity and no data can be exchanged between the entities. Upon reception of CRLC-CONFIG-Req from higher layer the RLC entity is terminated and the null state is entered.

Upon reception of a RESET ACK PDU, the RLC entity resets the protocol and enters the acknowledged data transfer ready state.

Upon reception of a RESET PDU, the RLC entity resets the protocol, send a RESET ACK PDU and enters the acknowledged data transfer ready state.

Figure 9‑18: The state model for the acknowledged mode entities

9.7.2
STATUS PDU transmission for acknowledged mode

The receiver of AMD PDUs transmits STATUS PDUs to the sender in order to inform about which PUs that have been received and not received. There are several triggers for sending a STATUS PDU. The network (RRC) controls which triggers should be used for each RLC entity, except for one, which is always present. The receiver shall always send a STATUS PDU when receiving a poll request. Except for that trigger following triggers are configurable:

1)
Detection of missing PU(s).


If the receiver detects one or several missing PUs it shall send a STATUS PDU to the sender.

2)
Timer based STATUS PDU transfer


The receiver transmits a STATUS PDU periodically to the sender. The time period is controlled by the timer Timer_Status_Periodic.

3)
The EPC mechanism


The EPC is started when a STATUS PDU is transmitted to the peer entity. If not all PUs requested for retransmission have been received before the EPC has expired a new STATUS PDU is transmitted to the peer entity. A more detailed description of the EPC mechanism is given in section 9.7.4.

9.7.3.2
Timer based discard, without explicit signalling

This alternative uses the same timer based trigger for SDU discard (Timer_Discard) as the one described in the section 9.7.3.1. The difference is that this discard method does not use any peer-to-peer signalling. For unacknowledged mode RLC, peer-to-peer signalling is never needed. The SDUs are simply discarded in the transmitter, once the transmission time is exceeded. For acknowledged mode RLC, peer-to-peer signalling can be avoided as long as SDU discard is always performed in the transmitter before it is performed in the receiver. As long as the corresponding SDU is eventually discarded in the receiver too, possible retransmission requests of PDU of discarded SDUs can be ignored by the transmitter. 
9.7.4
The Estimated PDU Counter

The Estimated PDU Counter is a mechanism used for scheduling the retransmission of status reports in the receiver side. With this mechanism, the receiver will send a new Status PDU in which it requests for PUs not yet received. The time between two subsequent status report retransmissions is not fixed, but it is controlled by the Estimated PDU Counter (EPC), which adapt this time to the current bit rate, indicated in the TFI, in order to minimise the delay of the status report retransmission.

The EPC is a counter, which is decremented every transmission time interval with the estimated number of PUs that should have been transmitted during that transmission time interval. When the receiver detects that PDUs are missing it generates and sends a Status PDU to the transmitter and sets the EPC equal to the number of requested PUs.

A special timer, called EPC timer, controls the maximum time that the EPC needs to wait before it will start counting down. This timer starts immediately after a transmission of a retransmission request from the receiver (Status PDU). The EPC timer typically depends on the roundtrip delay, which consists of the propagation delay, processing time in the transmitter and receiver and the frame structure. This timer can also be implemented as a counter, which counts the number of 10 ms radio frames that could be expected to elapse before the first requested AMD PDU is received.

When the EPC is equal to zero and not all of these requested PUs have been received correctly, a new Status PDU will be transmitted and the EPC will be reset accordingly. The EPC timer will be started once more.


11.5.2
Initiation

This procedure is initiated by the receiver in any of following cases:

1)
The poll bit in a received AMD PDU is set to 1.

2)
Detection of missing PUs is used and a missing PU is detected.

3)
The timer based STATUS PDU transfer is used and the timer Timer_Status_Periodic has expired.

The receiver shall transmit a STATUS PDU on the DCCH logical channel if the receiver is located in the control plane and on the DTCH if it is located in the user plane. Separate logical channels can be assigned for AMD PDU transfer and for Control PDU transfer.
The STATUS PDU has higher priority than data PDUs.

There are two functions that can prohibit the receiver from sending a STATUS PDU. If any of following conditions are fulfilled the sending of the STATUS PDU shall be delayed, even if any of the conditions above are fulfilled:

1)
STATUS PDU prohibit is used and the timer Timer_Status_Prohibit is active.


The STATUS PDU shall be transmitted after the Timer_Status_Prohibit has expired. The receiver shall send only one STATUS PDU, even if there are several triggers when the timer is running.

2)
The EPC mechanism is used and the timer Timer_EPC is active or VR(EP) is counting down.


The STATUS PDU shall be transmitted after the VR(EP) has reached 0. The receiver send only one STATUS PDU, even if there are several triggers when the timer is active or the counter is counting down.

If the timer based STATUS PDU transfer shall be used and the Timer_Status_Periodic has expired it shall be restarted.

If the EPC meachanism shall be used the timer Timer_EPC shall be started and the VR(EP) shall be set equal to the number PUs requested to be retransmitted.
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