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6
Layer 2

Layer 2 is split into the following sublayers: Medium Access Control (MAC), Radio Link Control (RLC) and Packet Data Convergence Protocol (PDCP). 

This subclause gives a high level description of the Layer 2 sub-layers in terms of services and functions. The two figures below depict the PDCP/RLC/MAC architecture for downlink and uplink, where:

-
Service Access Points (SAP) for peer-to-peer communication are marked with circles at the interface between sublayers. The SAP between the physical layer and the MAC sublayer provides the transport channels. The SAPs between the MAC sublayer and the RLC sublayer provide the logical channels.

-
The multiplexing of several logical channels (i.e. radio bearers) on the same transport channel (i.e. transport block) is performed by the MAC sublayer;

-
In both uplink and downlink, only one transport block is generated per TTI in the non-MIMO case.
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Figure 6-1: Layer 2 Structure for DL
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Figure 6-2: Layer 2 Structure for UL
6.1
MAC Sublayer

This subclause provides an overview on services and functions provided by the MAC sublayer.

6.1.1
Services and Functions

The main services and functions of the MAC sublayer include:

-
Mapping between logical channels and transport channels;

-
Multiplexing/demultiplexing of MAC SDUs belonging to one or different logical channels into/from transport blocks (TB) delivered to/from the physical layer on transport channels;
-
Traffic volume measurement reporting;

-
Error correction through HARQ;

-
Priority handling between logical channels of one UE;

-
Priority handling between UEs by means of dynamic scheduling;

-
Transport format selection;

-
Padding.

6.2.1
Services and Functions

The main services and functions of the RLC sublayer include:

-
Transfer of upper layer PDUs supporting AM or UM;

-
TM data transfer;

-
Error Correction through ARQ (CRC check provided by the physical layer, in other words no CRC needed at RLC level);

-
Segmentation/concatenation according to the total size of RLC PDU(s) indicated by lower layer;

-
Re-segmentation of PDUs that need to be retransmitted: if a retransmitted PDU does not fit entirely into the total size of RLC PDU(s) used for retransmission then the RLC PDU is re-segmented;

-
The number of re-segmentations is not limited;

-
Concatenation of SDUs for the same radio bearer;

-
In-sequence delivery of upper layer PDUs except at HO;

-
Duplicate Detection;

-
Protocol error detection and recovery;

-
SDU discard;

-
RLC re-establishment.

6.3.1
Services and Functions

The main services and functions of the PDCP sublayer for the user plane include:

-
Header compression and decompression: ROHC only;

-
Transfer of user data: transmission of user data means that PDCP receives PDCP SDU from the NAS and forwards it to the RLC layer and vice versa;

-
In-sequence delivery of upper layer PDUs at handover for RLC AM;

-
Duplicate detection of lower layer SDUs at handover for RLC AM;

-
Retransmission of PDCP SDUs at handover for RLC AM;

-
Ciphering;

-
Timer-based SDU discard.
NOTE:
When compared to UTRAN, the lossless DL RLC PDU size change is not required.

The main services and functions of the PDCP for the control plane include:

-
Ciphering and Integrity Protection;

-
Transfer of control plane data: transmission of control plane data means that PDCP receives PDCP SDUs from RRC and forwards it to the RLC layer and vice versa.

9.1 HARQ principles

The HARQ within the MAC sublayer has the following characteristics:

-
N-process Stop-And-Wait;

-
HARQ transmits and retransmits transport blocks;

-
In the downlink:

-
Asynchronous adaptive HARQ;

-
Uplink ACK/NAKs in response to downlink (re)transmissions are sent on PUCCH or PUSCH;

-
PDCCH signals the HARQ process number and if it is a transmission or retransmission;

-
Retransmissions are always scheduled through PDCCH.

-
In the uplink:

-
Synchronous HARQ;

-
Maximum number of retransmissions configured per UE (as opposed to per radio bearer);

-
Downlink ACK/NAKs in response to uplink (re)transmissions are sent on PHICH;
-
HARQ operation in uplink is governed by the following principles (summarized in Table 9.1-1):

1)
Regardless of the content of the HARQ feedback (ACK or NACK), when a PDCCH addressed to the C-RNTI or semi-persistent scheduling C-RNTI or Temporary C-RNTI of the UE is correctly received, the UE follows what the PDCCH asks the UE to do i.e. perform a transmission (except Temporary C-RNTI) or a retransmission (referred to as adaptive retransmission);

2)
When no PDCCH addressed to the C-RNTI or semi-persistent scheduling C-RNTI or Temporary C-RNTI of the UE is detected, the HARQ feedback dictates how the UE performs retransmissions:

-
NACK: the UE performs a non-adaptive retransmission i.e. a retransmission on the same uplink resource as previously used by the same process;

-
ACK: the UE does not perform any UL (re)transmission and keeps the data in the HARQ buffer. A PDCCH is then required to perform a retransmission i.e. a non-adaptive retransmission cannot follow.
-
Measurement gaps are of higher priority than HARQ retransmissions: whenever an HARQ retransmission collides with a measurement gap, the HARQ retransmission does not take place.
Table 9.1-1: UL HARQ Operation

	HARQ feedback  seen by the UE
	PDCCH
seen by the UE
	UE behaviour

	ACK or NACK
	New Transmission
	New transmission according to PDCCH

	ACK or NACK
	Retransmission
	Retransmition according to PDCCH (adaptive retransmission)

	ACK
	None
	No (re)transmission, keep data in HARQ buffer and a PDDCH is required to resume retransmissions

	NACK
	None
	Non-adaptive retransmission


10.1.2.7
Timing Advance

In RRC_CONNECTED, the eNB is responsible for maintaining the timing advance. In some cases (e.g. during DRX), the timing advance is not necessarily always maintained and the MAC sublayer knows if the L1 is synchronised and which procedure to use to start transmitting in the uplink:

-
as long as the L1 is non-synchronised, uplink transmission can only take place on PRACH.

For one UE, cases where the UL synchronisation status moves from "synchronised" to "non-synchronised" include:

-
Expiration of a timer;

-
Non-synchronised handover;

The value of the timer is either UE specific and managed through dedicated signalling between the UE and the eNB, or cell specific and indicated via broadcast information. In both cases, the timer is restarted when a new timing advance is given by the eNB (except for that the timing advance from message 2 while the timing advance timer is already running in contention based random access):
-
restarted to a UE specific value if any; or

-
restarted to a cell specific value otherwise.

Upon DL data arrival, dedicated signature on PRACH can be allocated by the eNB to UE. When a dedicated signature on PRACH is allocated, the UE shall perform the corresponding random access procedure regardless of its L1 synchronisation status.

TA updates are signalled by the eNB to the UE in MAC PDUs addressed via C-RNTI.
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