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Introduction

In this paper, we propose an RRC connection establishment procedure for LTE in which uplink and downlink shared channels are used for the message transfer. The method establishes an immediate layer 2 context such that the UE may be identified on the shared channel resources during transmission of the connection setup messaging to and from the network.

2
Proposal
LTE requires a transition time of less than 100 ms from an LTE_Idle state to an LTE_Active sate. In order to meet the transition time requirement, the RRC connection setup procedure should be designed to shorten the time required to complete the procedure and to increase the reliability of the message transmission.
In RAN2 meeting #48bis in Cannes, some discussion took place relating to LTE initial cell access (RRC connection establishment) procedure. The primary focus of this discussion was on the use of PRACH as a resource request channel. After receiving a resource grant from the network, the initial connection request message is transmitted using the allocated physical resources. 
In this paper, we propose an RRC connection establishment procedure. The message transfer is conducted over the uplink and downlink shared transport channels. The method establishes an immediate layer 2 context such that the UE may be identified on the shared channel resources during transmission of the connection setup messaging to and from the network.  To facilitate the L2 context setup, the terminal selects a Cell Specific Temporary ID (CSTI) from a reserved set of CSTIs, which are broadcast in the cell (or defined elsewhere in the standard), as the initial cell specific ID to be used on shared channels for the initial connection establishment. 
This method facilitates
· The use of shared transport channels for control signalling and user data traffic in the same manner. No modification is needed for shared physical control channels which are used in the RRC connection establishment. 

· Possibility for mapping of connection request message onto DCCH.

· Possibility for use of HARQ and AM mode operation for transfer of connection request/setup messages.

· Increase the reliability of the L3 messages.
· Avoids the need for the network to reserve valuable physical layer resources for uplink and downlink common signalling channels. 
2.1 Description of the proposed RRC connection setup procedure
It is agreed that dedicated transport channels are not supported by E-UTRAN.  It is assumed that the shared transport channels (SCH) are associated with a set of Shared Physical Control Channels (SPCCH) for scheduled transmission. Scheduling information required by the UE for correct transmission/reception over the shared channels is conveyed from RAN to UE over the SPCCHs. For downlink this information might specify the resources to be used for the downlink transmission and information regarding the formatting of the data to enable its correct reception at the UE.  For the uplink, the information might again specify which transmission resources are to be used along with other shared channel grant information (power allocation, etc).  In both cases, the terminal to which the shared channel grant is directed is identified on the shared channel based on a Cell Specific Temporary Identification (CSTI), which is signalled to the UE by the RAN within the SPCCH itself. This can be considered as being analogous to the H-RNTI and E-RNTI used within HSDPA/HSUPA in Rel-6.
The RAN reserves a set of CSTIs to be used for the UEs requesting a RRC connection. Each reserved CSTI is associated with one or more SPCCHs.  The information regarding the reserved set of CSTIs and their accompanying SPCCHs (for use in scheduled transmission) may be broadcast together with the system information over BCCH mapped onto BCH. The reserved set of CSTIs and the associated SPCCHs may be kept constant or dynamically varied according to the resource availability of the cell.  Alternatively, the reserved set of CSTI’s and/or the associated SPCCHs may be static and defined by the standard and thus need not be broadcast at all.

The UE selects a CSTI value from the broadcasted reserved set (following either a random selection or predefined procedure, or based in some way or another UE identifier such as TMSI/IMSI), and configures the lower protocol layers (at the UE) according to the associated SPCCHs. After configuring the L2 and L1 protocols locally, RRC layer at the UE initiates a RRC connection request. The RRC connection request message includes the initial UE identity and the cause for the RRC connection establishment. 

The message is transmitted over the uplink shared transport channel (UL-SCH). The selected CSTI is used as the initial identity on the shared transport channel.  Two different transmission mechanisms may be used for the RRC connection request message transmission over the shared channels depending on the transport channel configuration. They are scheduled and non-scheduled transmission. 

The examples of RRC connection setup procedures when using scheduled and non-scheduled shared channels are shown in Figure 1 and Figure 2.
2.1.1 Use of scheduled transmission
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Figure. 1: The RRC connection establishment procedure in E-UTRAN. Scheduled SCHs are used for both uplink and downlink transfers.

Steps involved in RRC connection setup procedure using scheduled transmission.

1. A RRC idle mode UE, which needs to establish a RRC connection, reads the information regarding the reserved set of CSTIs, broadcast over BCH. The UE selects a CSTI from the set.

2. The UE sends a scheduling request to the E-Node B using the resources assigned for scheduling request transmissions (these resources are typically in any case needed by the system to allow UEs to express a need for uplink resources during normal uplink shared channel usage). The scheduling request contains the selected UE identifier (CSTI).
3. After allocating uplink link resources, the E-UTRAN (E-NodeB) sends scheduling grant to the UE on downlink indicating the allocated resources for the uplink transmission. 
Note: Scheduling grant is transmitted using allocated SPCCH, which are associated with the selected CSTI.

4. Upon reception of the scheduling grant, RRC connection request is sent over DCCH mapped onto the allocated UL-SCH. The message contains the initial UE ID (i.e.: TMSI) for admission control purposes.    
Note that DCCH logical channel is used for the transmission. The reason for this is that after receiving the scheduling request, the E-UTRAN may know the presence of the UE in the cell in terms of the selected CSTI. Also AM mode is used to increase the reliability of the message transmission. 

5. After performing the admission control, the E-UTRAN (E-Node B) sends RRC connection setup message including the new ID/CSTI (thereby releasing the originally selected CSTI) and the radio bearer configuration to the UE. The message is sent using DCCH mapped onto DL-SCH with Acknowledged Mode (AM). 
6. Receiving the RRC connection setup message, the UE configures the radio bearers locally and sends the RRC connection setup complete message using DCCH mapped onto UL-SCH in AM mode. The new-ID/CSTI is used as the UE identification on the SCH.

2.1.2 Use of non-scheduled transmission
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Figure. 2: The RRC connection establishment procedure in E-UTRAN. Non-scheduled UL-SCHs are used to carry the RRC connection setup request.

Steps involved in RRC connection setup procedure using non-scheduled transmission.

1. The UE selects a CSTI from the set of reserved CSTIs. 

2. RRC connection request is sent over non-scheduled SCH. The message includes the selected CSTI. The reserved resources for non-scheduled transmissions may be specified in the standard or broadcasted with the system information. 

3. The RRC connection request message may be sent using CCCH logical channel as the presence of the UE is not yet known at the E-UTRAN. Either TM or UM modes may be used. 

4. The E-UTRAN (E-Node B) performs the admission control and resource allocation. A RRC connection setup message is sent to the UE indicating a new ID/CSTI (which then allows for the initial CSTI to be released by the UE) and radio bearer configuration. The downlink message contains or is encoded in some way by the initial UE Id (i.e. TMSI) to ensure delivery to the correct UE.  The message is sent using either CCCH or DCCH mapped on to downlink shared channels.   

5. Upon reception of the RRC connection setup message, the UE configures radio bearers and transmits a RRC connection setup complete message to the E-UTRAN. The message is mapped onto DCCH:UL-SCH and sent using AM mode.

2.1.3 “cross-talk” effects of CSTI sharing

As the UE is selecting a CSTI from a set of reserved CSTIs, there is a risk of more than one UE selecting the same CSTI at a given time, or during the time that the CSTI is in use by a UE.  
In the case of a scheduled transmission, 
1. Upon reception of scheduling request from more than one UE with the same CSTI, the RAN may realise the CSTI collision, or may not detect either scheduling request if they occurred on the same physical resources. In both cases, the RAN would ignore (either intentionally or non-intentionally) the scheduling request from the UEs. 
2. As no scheduling grant is received within a given period, the UEs will select another CSTI from the reserved set and re-send scheduling requests. 

Note: scheduling request is a L1 signal, thus the delay due to the CSTI collision should not be significant.

In the case of a non-scheduled transmission

1. After receiving the RRC connection request messages from more than one UE with the same CSTI, the RAN performs admission control for each UE. 
2. If permitted, multiple RRC connection setup messages corresponding to each UE may be sent over the shared channels using the selected CSTI as the UE identification to prevent “cross talk” which may arise when two or more UEs try to use the same CSTI, 

a. the RRC connection setup message from E-UTRAN may include the initial UE Id within the body of the message. This is similar to UTRA in which the TMSI is included in the connection setup message transmitted over CCCH on a common FACH transport channel, except here, the identifier is used within a given “common” CSTI to address multiple UEs sharing the CSTI on the DL-SCH.
b. the RRC connection setup message is itself scrambled or otherwise encoded using the initial UE ID such that a UE receiver trying to detect the message using a non-matching UE ID would fail to decode the information correctly.  This could be achieved for example via attachment of a Cyclic Redundancy Check (CRC), which is calculated over the message part and the UE initial ID. Thus, the RRC connection setup message carries an initial UE identity (via a UE-specific CRC) that enables the particular UE to decode the message correctly.  

3. In order to minimise the probability of two or more UEs selecting the same CSTI in adjacent frames, the association between CSTIs and SPCCHs could be changed based upon a predefined function of time known to both UTRAN and to the UE.  If the change pattern is designed to be of sufficient length and has sufficient members in the set, such that it repeats over a period equal to or longer than the period of time over which the initial CSTI is used by a UE, then collisions may be avoided.  This is because a UE selecting a particular CSTI on a particular frame will associate with a different SPCCH to a UE selecting the same CSTI on another frame and thus, they will not read each others shared channel allocations.  In this way, the probability of CSTI sharing may be eliminated, or at least may be significantly reduced.

4. The UE receives the RRC connection setup message over the shared channel. If the message is not intended for the UE, it either ignores the message or detects that it is in error and waits for the next message sent with the same CSTI until it receives the message intended for it (matching ID/TMSI).  

The RRC connection establishment procedure in E-UTRAN in the case of two UEs having selected the same CSTI {non-scheduled uplink} is shown in Figure 3.
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Figure. 3: The RRC connection establishment procedure in E-UTRAN in the case that two UEs have selected the same CSTI {non-scheduled uplink}.

4.
Conclusion 

In this paper, we proposed an RRC connection establishment procedure for LTE. The procedure enables a UE-based selection of a Cell Specific Temporary Identifier (CSTI) from a reserved set of CSTIs, which are broadcast in the cell (or defined elsewhere in the standard), as the initial cell specific ID to be used on shared channels for the initial connection establishment. Based on the selected CSTI, the method establishes an immediate layer 2 context such that the UE may be identified on the shared channel resources during transmission of the connection setup messaging to and from the network. The proposed method facilitates:
· The use of shared transport channels for control signalling and user data traffic in the same manner. No modification is needed for shared physical control channels. 

· Ability to operate in scheduled or non-scheduled transmission mode in uplink.

· Possibility for mapping of connection request message onto DCCH.

· Possibility for use of HARQ and AM mode operation for transfer of connection request/setup messages.

· Increase the reliability of the L3 messages.

· Avoids the need for the network to reserve valuable physical layer time/frequency/power resources for uplink and downlink common signalling channels. This can provide a significant benefit in terms of system capacity due to the fact that all traffic may be considered by a single scheduler and mapped to the same set of shared resources.  Thus the E-UTRAN system can dynamically adapt the assigned physical resources in response to variations in traffic and signalling loads.
RAN2 is requested to consider the proposed method as a candidate method for RRC connection establishment procedure in LTE.
Text proposal to 3GPP TR25.813 “Evolved UTRA and UTRAN Radio Interface Protocol Aspects”.

5.4
Layer 3

Note:
This section will give a high level description of RRC (e.g. RRC states). If it is agreed that RRC does not belong to Layer 3 but is a sub-layer of Layer 2 in the control plane, the sections need to be reorganized.

Note:
From R2-051759: keep same functions when still valid with new functions (no CS Domain, etc) or move some of the functions in MAC e.g. MAC-states instead of RRC states? Entirely new RRC or evolution of RRC? Modelled as belonging to Layer 2? Keep or remove Idle mode (merge with URA_PCH, NAS/AS state linking/merge)? CELL_PCH not needed. URA_PCH kept. Remove CELL_FACH. “Cell_DCH” could be split in 2 states (same mobility principle): Active and Less-active (DRx) (may be MAC states…). RRC connection common to E-UTRA and UTRA or specific to E-UTRA?

5.4.1 RRC Connection Establishment
· A fast RRC connection establishment procedure is required.

· It is desirable to accomplish the RRC connection establishment procedure using shared transport channels.

· A UE shall be able to derive a temporary shared channel identifier, which may be used as the initial UE identifier on the shared transport channels until a more permanent UE identifier is allocated by the network.

· Either scheduled or non-scheduled transmission may be used for transmission of the RRC connection request message in uplink.
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RRC Connection Setup Complete (RRC-CSC)


DCCH: UL-SCH (AM mode) [UE Radio Access Capability]





RRC Connection Setup Complete (RRC-CSC)


DCCH: scheduled UL-SCH (AM mode) [UE Radio Access Capability]





RRC Connection Setup (RRC-CS)


CCCH/DCCH: scheduled DL-SCH (UM/AM mode) [new ID/CSTI, radio bearer configuration, TMSI] 





RRC Connection Request (RRC-CR)


CCCH: non-scheduled UL-SCH (TM/UM mode) [CSTI, Initial UE ID, Establishment cause]





E-Node B





UE





Admission control & resource allocation





Scheduling grant





Scheduling request





Select a CSTI from a set of reserved CSTIs
































RRC Connection Setup (RRC-CS)
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RRC Connection Setup Complete (RRC-CSC)
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