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1
Introduction
In recent meetings, significant progress on the random access procedure has been made [1]. The only pending aspect to conclude the procedure from a Stage 2 viewpoint is the mapping between logical channels and transport channels. This contribution proposes a way forward on this particular aspect of the random access procedure.
2
Logical Channels and Transport Channels
Four steps have been agreed for the random access procedure (see Figure 1):

-
Random Access Preamble: because the amount of control information that can be transmitted is very limited, we propose not to allow the mapping of a control channel (CCCH or DCCH) on the RACH. For initial access, if the 1 bit information comes from RRC, a direct “pipe” between RRC and RACH would be required. In all other cases a special MAC PDU would need to be specified (e.g. for scheduling information).
-
Random Access Response: because the control message can be addressed to several UEs and has a special format, we propose to use a common control channel, that is not used otherwise i.e. CCCH. If dedicated resources were used by a UE already having an RRC connection in the first step, the network would be able to identify the UE, and a regular DCCH on DL-SCH could be used.
-
First Scheduled Transmission: the control channel to be used depends on the existence of an RRC connection. If an RRC connection exists, a DCCH should be used. If not, a CCCH should be used.
-
Contention Resolution: this message is always dedicated to one UE and the DCCH should be used.
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Figure 1: Random Access Procedure

For initial access, this means that:

-
Random Access Preamble on RACH;

-
Random Access Response via CCCH on DL-SCH;

-
RRC Connection Request via CCCH on UL-SCH;

-
RRC Contention Resolution via DCCH on DL-SCH;
4
Conclusion
A text proposal capturing the principles outline above is included below:
Beginning of Text Proposal

5.3
Transport Channels

The physical layer offers information transfer services to MAC and higher layers. The physical layer transport services are described by how and with what characteristics data are transferred over the radio interface. An adequate term for this is “Transport Channel”.

NOTE:
This should be clearly separated from the classification of what is transported, which relates to the concept of logical channels at MAC sublayer.

Downlink transport channel types are:

1.
Broadcast Channel (BCH) characterised by:

-
fixed, pre-defined transport format;

-
requirement to be broadcast in the entire coverage area of the cell.

2.
Downlink Shared Channel (DL-SCH) characterised by:
-
support for HARQ;

-
support for dynamic link adaptation by varying the modulation, coding and transmit power;

-
possibility to be broadcast in the entire cell;

-
possibility to use beamforming;

-
support for both dynamic and semi-static resource allocation;

-
support for UE discontinuous reception (DRX) to enable UE power saving;

-
support for MBMS transmission (FFS).

NOTE:
the possibility to use slow power control depends on the physical layer.
3.
Paging Channel (PCH) characterised by:
-
support for UE discontinuous reception (DRX) to enable UE power saving (DRX cycle is indicated by the network to the UE);

-
requirement to be broadcast in the entire coverage area of the cell;

-
mapped to physical resources which can be used dynamically also for traffic/other control channels.

4.
Multicast Channel (MCH) characterised by:
-
requirement to be broadcast in the entire coverage area of the cell;

-
support for SFN combining of MBMS transmission on multiple cells;

-
support for semi-static resource allocation e.g. with a time frame of a long cyclic prefix.

Uplink transport channel types are:

1.
Uplink Shared Channel (UL-SCH) characterised by:

-
possibility to use beamforming; (likely no impact on specifications)

-
support for dynamic link adaptation by varying the transmit power and potentially modulation and coding;

-
support for HARQ;

-
support for both dynamic and semi-static resource allocation.

NOTE:
the possibility to use uplink synchronisation and timing advance depend on the physical layer.

2.
Random Access Channel(s) (RACH) characterised by:

-
limited control information;

-
collision risk;

NOTE:
the possibility to use open loop power control depends on the physical layer solution.

Next Modified Section

6.1.2.1
Control Channels

Control channels are used for transfer of control plane information only. The control channels offered by MAC are:

-
Broadcast Control Channel (BCCH)


A downlink channel for broadcasting system control information.

-
Paging Control Channel (PCCH)


A downlink channel that transfers paging information. This channel is used when the network does not know the location cell of the UE.

-
Common Control Channel (CCCH)


Bi-directional channel for transmitting control information between network and UEs. This channel is commonly used by the UEs having no RRC connection with the network.
-
Multicast Control Channel (MCCH)


A point-to-multipoint downlink channel used for transmitting MBMS control information from the network to the UE, for one or several MTCHs. This channel is only used by UEs that receive MBMS.

NOTE: 
It is FFS how MBMS scheduling is transmitted by either L2/3 signalling on MCCH or L1 signalling.
-
Dedicated Control Channel (DCCH)


A point-to-point bi-directional channel that transmits dedicated control information between a UE and the network. Used by UEs having an RRC connection.

Next Modified Section

6.1.3
Mapping between logical channels and transport channels

The figure below depicts the mapping between logical and transport channels (in grey the items for FFS):
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Figure 6.1.3: Mapping between logical channels and transport channels

6.1.3.1
Mapping in Uplink

In Uplink, the following connections between logical channels and transport channels exist:


-
CCCH can be mapped to UL-SCH;

-
DCCH can be mapped to UL- SCH;

-
DTCH can be mapped to UL-SCH.

6.1.3.2
Mapping in Downlink

In Downlink, the following connections between logical channels and transport channels exist:

-
BCCH can be mapped to BCH;

-
BCCH can be mapped to DL-SCH: FFS;

-
PCCH can be mapped to PCH;

-
CCCH can be mapped to DL-SCH;

-
DCCH can be mapped to DL-SCH;

-
DTCH can be mapped to DL-SCH;

-
MTCH can be mapped to DL-SCH: FFS;
-
MTCH can be mapped to MCH;

-
MCCH can be mapped to DL-SCH: FFS;

-
MCCH can be mapped to MCH.

Next Modified Section

10.1.5
Random Access Procedure

The random access procedure is characterized by:

-
Common procedure for FDD and TDD;

-
One procedure irrespective of cell size;

-
Early contention resolution shall be used i.e. eNB does not wait for NAS reply before resolving contention.

The random access procedure is outlined on Figure 10.1.5-1 below:
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Figure 10.1.5-1: Random Access Procedure

The four steps of the random access procedures are:

1)
Random Access Preamble on RACH in uplink: 

-
6 bits to carry: a random ID, and possibly (FFS) 1 bit of other information:

-
Cause or size, potentially with priority;

-
Pathloss or CQI to allocate UL resource appropriately.

NOTE:
the total number of bits is 5 for alternative TDD.

2)
Random Access Response on DL-SCH:

-
Semi-synchronous (within a flexible window of which the size is one or more TTI) with message 1;

-
No HARQ;


-
Addressed to RA-RNTI on L1/L2 control channel;

-
Conveys at least RA-preamble identifier, Timing Alignment information, initial UL grant and assignment of Temporary C-RNTI (which may or may not be made permanent upon RRC Contention Resolution);

-
Intended for one or multiple UEs in one DL-SCH message.

3)
First scheduled UL transmission on UL-SCH:

-
Uses HARQ;

-
RLC TM: no segmentation;

-
Conveys at least UE identifier (C-RNTI if available);

-
In case of initial access and if the size of the message allows it, the initial NAS message (or something allowing to build the initial NAS message in eNB) can be included;

-
Size of the message is dynamic.

4)
Contention Resolution on DL-SCH:

-
Not synchronised with message 3;

-
Content of the message is FFS;

-
HARQ is supported;

-
Addressed to the Temporary C-RNTI on L1/L2 control channel (at least for initial access):

-
For UE in RRC_CONNECTED, the use of C-RNTI, HARQ and the consequences thereof (e.g. delay impact on other UEs in conjunction with HARQ) are FFS;

-
HARQ feedback is transmitted only by the UE which detects its own UE identity, as provided in message 3, echoed in the RRC Contention Resolution message.

At initial access, the four steps are:
1)
Random Access Preamble on RACH;
2)
Random Access Response via CCCH on DL-SCH;
3)
RRC Connection Request via CCCH on UL-SCH;
4)
RRC Contention Resolution via DCCH on DL-SCH.
The Temporary C-RNTI is promoted to C-RNTI for a UE which detects RA success and does not already have a C-RNTI; it is dropped by others. A UE which detects RA success and already has a C-RNTI, resumes using its C-RNTI.

Random access procedure for initial access described above is modelled in Figure 10.1.5-2 below from L1 and L2/3 interaction point of view. L2/L3 receives indication from L1 whether ACK is received or DTX is detected after indication of Random Access Preamble transmission to L1. L2/3 indicates L1 to transmit first scheduled UL transmission (RRC Connection Request in case of initial access) or Random Access Preamble based on the indication from L1.


[image: image5.emf]L2/L3 indicates "Random 

Access Preamble" 

transmission

L1 transmits "Random 

Access Preamble"

L2/L3 procedure

L1 procedure

ACK ("Random 

Access Response" 

reception)

DTX reception (No 

"Random Access 

Response" reception)

L2/L3 receives 

indication from L1

L2/L3 receives 

indication from L1

L2/L3 indicates "RRC 

Connection Request" 

transmission

L2/L3 indicates 

"Random Access 

Preamble" transmission


Figure 10.1.5-2: Interaction model between L1 and L2/3 for Random Access Procedure
End of Text Proposal
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