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=== first affected sub clause ===
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 36.300: "E-UTRA and E-UTRAN Overall Description; Stage 2".
[3]
3GPP TS 36.321: "E-UTRA MAC protocol specification".
[4]
3GPP TS 36.323: "E-UTRA PDCP specification".
[5]
3GPP TS 36.331: "E-UTRA RRC Protocol specification".
=== next affected sub clause ===
4.2.1.2
UM RLC entity

4.2.1.2.1
General
An UM RLC entity can be configured to deliver/receive RLC PDUs through the following logical channels:

· DL/UL DCCH, DL/UL DTCH, MCCH or MTCH.
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Figure 4.2.1.2.1-1: Model of two unacknowledged mode peer entities
An UM RLC entity delivers/receives the following RLC data PDU:

· UMD PDU.
4.2.1.2.2
Transmitting UM RLC entity

When a transmitting UM RLC entity forms UMD PDUs from RLC SDUs, it shall:

· segment and/or concatenate the RLC SDUs so that the UMD PDUs fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity notified by lower layer;

· include relevant RLC headers in the UMD PDU.

4.2.1.2.3
Receiving UM RLC entity

When a receiving UM RLC entity receives UMD PDUs, it shall:
· detect whether or not the UMD PDUs have been received in duplication, and discard duplicated UMD PDUs;

· reorder the UMD PDUs if they are received out of sequence;

· detect the loss of UMD PDUs at lower layers and avoid excessive reordering delays;

· reassemble RLC SDUs from the UMD PDUs that are received in sequence (not accounting for RLC PDUs for which losses have been detected) and deliver the RLC SDUs to upper layer in sequence;

· discard received UMD PDUs that cannot be re-assembled into a RLC SDU due to loss at lower layers of an UMD PDU which belonged to the particular RLC SDU.

At the time of RLC re-establishment, the receiving UM RLC entity shall:

· if possible, reassemble RLC SDUs from the UMD PDUs that are received out of sequence and deliver them to upper layer;

· discard any remaining UMD PDUs that could not be reassembled into RLC SDUs;

· initialize relevant state variables and stop relevant timers.

4.2.1.3
AM RLC entity

4.2.1.3.1
General
An AM RLC entity can be configured to deliver/receive RLC PDUs through the following logical channels:
· DL/UL DCCH or DL/UL DTCH.
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Figure 4.2.1.3.1-1: Model of an acknowledged mode enttiy

An AM RLC entity delivers/receives the following RLC data PDUs:

· AMD PDU;

· AMD PDU segment.
An AM RLC entity delivers/receives the following RLC control PDU:

· STATUS PDU.
4.2.1.3.2
Transmitting side
When the transmitting side of an AM RLC entity forms AMD PDUs from RLC SDUs, it shall:

· segment and/or concatenate the RLC SDUs so that the AMD PDUs fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity notified by lower layer.

The transmitting side of an AM RLC entity supports retransmission of RLC data PDUs (ARQ):

· if the RLC data PDU to be retransmitted does not fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity notified by lower layer, the AM RLC entity can re-segment the RLC data PDU into AMD PDU segments;

· the number of re-segmentation is not limited.

When the transmitting side of an AM RLC entity forms AMD PDUs from RLC SDUs received from upper layer or AMD PDU segments from RLC data PDUs to be retransmitted, it shall:

· include relevant RLC headers in the RLC data PDU.

4.2.1.3.3
Receiving side
When the receiving side of an AM RLC entity receives RLC data PDUs, it shall:

· detect whether or not the RLC data PDUs have been received in duplication, and discard duplicated RLC data PDUs;

· reorder the RLC data PDUs if they are received out of sequence;

· detect the loss of RLC data PDUs at lower layers and request retransmissions to its peer AM RLC entity;

· reassemble RLC SDUs from the RLC data PDUs that are received in sequence and deliver the RLC SDUs to upper layer in sequence.

At the time of RLC re-establishment, the receiving side of an AM RLC entity shall:

· if possible, reassemble RLC SDUs from the RLC data PDUs that are received out of sequence and deliver them to upper layer;

· discard any remaining RLC data PDUs that could not be reassembled into RLC SDUs;

· initialize relevant state variables and stop relevant timers.

=== next affected sub clause ===
5.1.2.2.3
Actions when an UMD PDU is placed in the reception buffer
When an UMD PDU with SN = x is placed in the reception buffer, the receiving UM RLC entity shall:

· if x falls outside of the reordering window:

· update VR(UH) to x + 1;
· reassemble RLC SDUs from any UMD PDUs with SN that falls outside of the reordering window, remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in sequence if not delivered before;

· if VR(UR) falls outside of the reordering window:

· set VR(UR) to (VR(UH) – UM_Window_Size);
· if the reception buffer contains an UMD PDU with SN = VR(UR):

· update VR(UR) to the SN of the first UMD PDU with SN > current VR(UR) that has not been received;

· reassemble RLC SDUs from any UMD PDUs with SN < updated VR(UR), remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in sequence if not delivered before;

· if T_reordering is running:

· if VR(UX) <= VR(UR); or
· if VR(UX) falls outside of the reordering window:
· stop and reset T_reordering;
· set VR(UX) to NULL;
· if T_reordering is not running (includes the case when T_reordering is stopped due to actions above):

· if VR(UH) > VR(UR)
· start T_reordering;
· set VR(UX) to VR(UH).
5.1.2.2.4
Actions when T_reordering expires
When T_reordering expires, the receiving UM RLC entity shall:

· update VR(UR) to the SN of the first UMD PDU with SN >= VR(UX) that has not been received;

· reassemble RLC SDUs from any UMD PDUs with SN < updated VR(UR), remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in sequence if not delivered before;

· if VR(UH) > VR(UR):

· start T_reordering;
· set VR(UX) to VR(UH);
· otherwise:

· set if VR(UX) to NULL.
Editor's note:
It is intended to specify details regarding RLC PDU generation and delivery to lower layer at the transmitter and RLC PDU reordering and loss detection (and duplicate detection if needed), RLC SDU reassembly and delivery to upper layers at the receiver in this section.

=== next affected sub clause ===
5.1.3.2.3
Actions when a RLC data PDU is placed in the reception buffer
When a RLC data PDU with SN = x is placed in the reception buffer, the receiving side of an AM RLC entity shall:

· if all byte segments of the AMD PDU with SN = VR(MS) are received:

· update VR(MS) to the SN of the first AMD PDU with SN > current VR(MS) for which not all byte segments have been received;
· if x = VR(R):
· if all byte segments of the AMD PDU with SN = VR(R) are received:
· update VR(R) to the SN of the first AMD PDU with SN > current VR(R) for which not all byte segments have been received;

· update VR(MR) to the updated VR(R) + AM_Window_Size;
· reassemble RLC SDUs from any byte segments of AMD PDUs with SN that falls outside of the receiving window and in-sequence byte segments of the AMD PDU with SN = VR(R), remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in sequence if not delivered before;
· if x >= VR(H)

· update VR(H) to x+ 1;
· if T_reordering is running:

· if VR(X) = VR(R); or

· if VR(X) falls outside of the receiving window:

· stop and reset T_reordering;
· set VR(X) to NULL;
· if T_reordering is not running (includes the case T_reordering is stopped due to actions above):

· if the VR (H) > VR(R):

· start T_reordering;

· set VR(X) to VR(H).
=== next affected sub clause ===
5.2.1
Retransmission

The transmitting side of an AM RLC entity can receive a negative acknowledgement (notification of reception failure by its peer AM RLC entity) for an AMD PDU or a portion of an AMD PDU by the following:
· STATUS PDU from its peer AM RLC entity;

· HARQ delivery failure from the transmitting MAC entity.

When receiving a negative acknowledgement for an AMD PDU or a portion of an AMD PDU by a STATUS PDU from its peer AM RLC entity, the transmitting side of the AM RLC entity shall:

· if the SN of the corresponding AMD PDU falls within the STATUS receiving window:
· consider the AMD PDU or the portion of the AMD PDU for which a negative acknowledgement was received for retransmission.
When receiving a negative acknowledgement for an AMD PDU or a portion of an AMD PDU by HARQ delivery failure notification from the transmitting MAC entity, the transmitting side of the AM RLC entity may:

· if the SN of the corresponding AMD PDU falls within the STATUS receiving window:
· consider the AMD PDU or the portion of the AMD PDU for which a negative acknowledgement was received for retransmission.
When retransmitting an AMD PDU, the transmitting side of an AM RLC entity shall:
· if the AMD PDU can entirely fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity, deliver the AMD PDU as it is except for the P field (the P field should be set according to sub clause 5.2.2);

· otherwise, segment the AMD PDU and form a new AMD PDU segment which will fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity.
When retransmitting a portion of an AMD PDU, the transmitting side of an AM RLC entity shall:
· segment the portion of the AMD PDU as necessary and form a new AMD PDU segment which will fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity.
When forming a new AMD PDU segment, the transmitting side of an AM RLC entity shall:
· only map the Data field of the original AMD PDU to the Data field of the new AMD PDU segment;

· set the header of the new AMD PDU segment in accordance with the description in sub clause 6.:

5.2.2
Polling

An AM RLC entity can poll its peer AM RLC entity in order to trigger STATUS reporting at the peer AM RLC entity.

Triggers to initiate polling include:

· Transmission of last data in the buffer:

· The transmitting side of an AM RLC entity shall set the P field of an RLC data PDU to "1" if both the transmission buffer and the retransmission buffer becomes empty (excluding transmitted RLC data PDU awaiting for acknowledgements) after the transmission of the RLC data PDU;

· Expiry of poll retransmit timer:

· The transmitting side of an AM RLC entity shall:

· start T_poll_retransmit upon setting the P field for a RLC data PDU to "1", and store the SN of the corresponding RLC data PDU in memory;

· stop T_poll_retransmit when it receives either a positive or negative acknowledgement for the corresponding RLC data PDU with the SN it stored in memory;

· when T_poll_retransmit expires:

· if both the transmission buffer and the retransmission buffer are empty (excluding transmitted RLC data PDU awaiting for acknowledgements):

· consider the AMD PDU with SN = VT(S) – 1 for retransmission;

· set the P field of the RLC data PDU to be transmitted in the next transmission opportunity to “1”;

· else:

· set the P field of the RLC data PDU to be transmitted in the next transmission opportunity to “1”.

· Every Poll_PDU PDUs:

· The transmitting side of an AM RLC entity shall:

· maintain a counter PDU_WITHOUT_POLL, which is initially set to 0;

· increment PDU_WITHOUT_POLL by one for every new AMD PDU that it forms;

· set the P field of an AMD PDU that it forms to “1” when PDU_WITHOUT_POLL = Poll_PDU;

· reset PDU_WITHOUT_POLL to 0 when it delivers to lower layer a RLC data PDU whose P field is set to “1”.
· 
· Every Poll_Byte bytes:

· The transmitting side of an AM RLC entity shall:

· maintain a counter BYTE_WITHOUT_POLL, which is initially set to 0;

· increment BYTE_WITHOUT_POLL for every new byte of Data field element that it maps to the Data field of an AMD PDU;

· set the P field of an AMD PDU that it forms to “1” when BYTE_WITHOUT_POLL >= Poll_Byte;

· reset BYTE_WITHOUT_POLL to 0 when it delivers to lower layer a RLC data PDU whose P field is set to “1”.
· 
Editor's note:
Whether or not the polling trigger “Every Poll_PDU PDUs” and “Every Poll_Byte bytes” are configurable or not is FFS. It has been decided that other polling triggers are always enabled.
5.2.3
Status reporting

An AM RLC entity sends STATUS PDUs to its peer AM RLC entity in order to provide positive and/or negative acknowledgements of RLC PDUs (or portions of them).
RRC configures whether or not the status prohibit function is to be used for an AM RLC entity.
Triggers to initiate STATUS reporting include:

· Polling from its peer AM RLC entity:
· The receiving side of an AM RLC entity shall trigger a STATUS report when it receives a RLC data PDU with the P field set to "1" and the HARQ reordering of the corresponding RLC data PDU is completed.
· Detection of reception failure of an RLC data PDU:

· The receiving side of an AM RLC entity shall trigger a STATUS report when T_reordering expires.

NOTE:
The expiry of T_reordering triggers both VR(MS) to be updated and a STATUS report to be triggered, but the STATUS report shall be triggered after VR(MS) is updated.
When STATUS reporting has been triggered, the receiving side of an AM RLC entity shall:

· if T_status_prohibit is not running:

· at the first transmission opportunity indicated by lower layer, construct a STATUS PDU and deliver it to lower layer;

· else:

· at the first transmission opportunity indicated by lower layer after T_status_prohibit expires, construct a STATUS PDU and deliver it to lower layer;

NOTE:
If T_status_prohibit is not running at the time STATUS reporting was triggered, the STATUS PDU size shall be accounted for in the Buffer Status Report [3] from the time STATUS reporting was triggered. If T_status_prohibit is running at the time STATUS reporting was triggered, the STATUS PDU size shall be accounted for in the Buffer Status Report [3] from the time T_status_prohibit expires.
When a STATUS PDU has been delivered to lower layer, the receiving side of an AM RLC entity shall:

· start T_status_prohibit.

When constructing a STATUS PDU, the AM RLC entity shall:
· set ACK_SN to VR(MS);

· for each AMD PDU with SN such that VR(R) <= SN < VR(MS) that has not been completely received yet:

· if no byte segments have been received yet for an AMD PDU:

· include in the STATUS PDU a NACK_SN which is set to the SN of the AMD PDU;

· else

· include in the STATUS PDU a set of NACK_SN, SOstart and SOend for each consecutive byte segments of the AMD PDU that has not been received yet.

=== next affected sub clause ===
5.4
Re-establishment procedure

RLC re-establishment is performed upon request by RRC, and the function is applicable for AM and UM RLC entities.
When RRC indicates that an RLC entity should be re-established, the RLC entity shall:
· if it is a receiving UM RLC entity:
· when possible, reassemble RLC SDUs from UMD PDUs with SN < VR(UH), remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer if not delivered before;

· discard all remaining UMD PDUs;

· if it is a transmitting UM RLC entity:
· discard all RLC SDUs;

· if it is an AM RLC entity:
· when possible, reassemble RLC SDUs from any byte segments of AMD PDUs with SN < VR(MR) in the receiving side, remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer if not delivered before;

· discard the remaining AMD PDUs and byte segments of AMD PDUs in the receiving side;

· discard all RLC SDUs and AMD PDUs in the transmitting side;

· discard all RLC control PDUs.

· stop and reset all timers;
· reset all state variables to their initial values.
=== next affected sub clause ===
6.2.2.3
Sequence Number (SN) field
Length: 10 bits for AMD PDU, AMD PDU segments and STATUS PDUs. 5 bits or 10 bits (configurable) for UMD PDU.

The SN field indicates the sequence number of the corresponding UMD or AMD PDU. For an AMD PDU segment, the SN field indicates the sequence number of the original AMD PDU from which the AMD PDU segment was constructed from. The sequence number is incremented by one for every UMD or AMD PDU.
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