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1. Introduction

In contributions [1, 2] presented at earlier RAN2 meetings, we provided an analysis of some of the points relating to the RACH in [3] in order to extend the model for the RACH in the E-UTRAN.

In [4] we extended this analysis by proposing Initial Access Procedures for the LTE RACH for faster initial access for UEs in LTE_Active mode.

This contribution is an update based on [4], which was not presented due to lack of time.

2. Discussion

2.1 Characteristics of Random Access

2.1.1 Summary of discussions
It has already been agreed that the RACH can be used for uplink synchronisation (timing advance), and that the RACH should have no user data field (any X bits message transmitted on the RACH will be solely for the purpose of control signalling, as the transmission of user data will be more efficient on user-dedicated DL/UL-SCH transmissions).
As for the type of information that should be sent in a RACH request procedure, the following are needed in order for the network to grant UL “shared channel” resources:

· Unique UE Identifier: either a cell-specific ID or a random ID depending on whether the UE is synchronized to the network or not

· Cause value, reason and/or priority for service or signalling request

· Indication of UL resources needed, e.g. the amount of data (or data rate) awaiting transmission

· Note that in some cases, this third part of the information may not need to be included in the RACH message (e.g. if a suitable default connection/context or an existing connection/context are available, or if the required resources are needed simply for sending a more detailed scheduling request). In such cases, the network can allocate suitable resources without explicit information (other than an ID) being included in the UE’s RACH transmission.

Most of this information will not be able to be included in the preamble, due to the tight restriction on the number of control information bits that can be accommodated in the preamble. All of the information that cannot be accommodated in the preamble should be transmitted in resources explicitly allocated by the network in response to the preamble. 

2.1.2 Initial Access Procedures Requirements

In the light of recent RAN2 discussions for the definition of RACH procedures depending on RRC states, we now refine the proposals made in [1, 2] to recommend Initial Access Procedures for the RACH according to the RRC state of the UE:

For UEs in LTE_Idle mode
· UEs in LTE_Idle mode will not be synchronised with the network: synchronisation needs to be obtained through the asynchronous RACH procedure. 

· Only a minimum RRC context is established between the network and the UE, with no information on Radio Bearer resources: it could therefore be beneficial for the UE to signal what type of service it requests resources allocation for, for instance by indicating a preferred Radio Bearer configuration.

· We propose that UEs in LTE_Idle mode should use default RACH parameters broadcast on the BCH (similar to SIB7 in the current UTRAN).

For UEs in LTE_Active mode

· UEs in LTE_Active mode may or may not be synchronised with the network, as they may have lost synchronisation: if synchronisation has been lost, it will need to be obtained/restored through the asynchronous RACH procedure.
· A full RRC context exists, with all information on Radio Bearer resources: the request for resource allocation may therefore be optimised for minimal signalling exchange, unless the UE makes a request for new resources (in which case it would be beneficial for the UE to signal what type of service it requests resources allocation for, for instance by indicating a preferred Radio Bearer configuration, as outlined above for UEs in LTE_Idle mode).

· We proposed in [2] that for network-initiated calls in LTE, the LTE Paging Channel (PCH) carries UE-specific RACH parameters for UEs paged individually, in replacement of Default RACH parameters broadcast on SIB7: this would provide the network with some flexibility in prioritizing RACH access and allow a more efficient allocation of RACH access resources. 
· Furthermore, including the RACH access parameters in the Paging Information would also bring the added benefit that a paged UE would have an immediate reading of which parameters to use for RACH access, thereby reducing delay by avoiding the need for a reading of SIB7 (or similar) to get an update of these parameters, resulting in faster access for uplink transmissions when a network-initiated call commences.  

2.1.3 RACH Format & Initial Access

The procedure for initial access with the asynchronous RACH should provide both uplink synchronisation (timing advance) and uplink resource allocation.

Uplink synchronisation

· The asynchronous RACH initial access preamble serves for obtaining timing information from the network.

· The same asynchronous RACH procedure for obtaining timing information should be used both by UEs in LTE_Idle mode and UEs in LTE_Active that have lost synchronisation.

Resource allocation

· For spectral efficiency and to minimise the resources used to send the RACH, the RACH should not carry any user data, as its focus is solely control signalling for resource allocation: it is however possible to include some control message bits in the preamble part of the RACH sent at initial access

· We have already stressed that these control bits should be very small in number, as the number of bits that can be embedded in the asynchronous RACH preamble is heavily restricted by the cell-wide coverage requirement.

· Depending on the number of control bits that can be supported in the asynchronous RACH preamble (which is currently under study in RAN1), these control message bits should be either:

· an indication that resources are needed to send a more detailed scheduling request, or
· a few bits of information on the resource request, to signal by means of an efficient default or stored configuration identifier a set of parameters required for the allocation of UL resources

This is consistent with proposals made in RAN1 [5]. In [6] RAN1 has further indicated that for non-synchronized random access the maximum number of implicit message bits that can be sent using the preamble sequence is between 4 and 8: this very limited number of available control bits calls for an optimisation of their use and re-use.

· If default and stored configurations are used, similar procedures to the ones described in [7] could apply for the set-up and update of the configurations

2.2 Proposal for LTE RACH Initial Access Procedures

Based on the characteristics listed in the previous part, we present here the differences in the RACH Initial Access Procedures for the UE LTE_Idle and LTE_Active states.

2.2.1 LTE_Idle/RRC_Idle

UE initiated, using default RACH parameters, non-synchronised, minimum/no RRC context established.

Two cases may be identified:

a) Generic resource request, not able to be signalled by an indication of a default/stored configuration embedded in the asynchronous RACH preamble:
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b) Resource request that can be indicated by a default/stored configuration embedded in the asynchronous RACH preamble:
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Note on the ACK/NACK of the Radio Bearer configuration requested by the initial asynchronous RACH transmission:
· If the network accepts the Radio Bearer default/stored configuration settings sent by the UE, it then only needs to send an implicit acknowledgement for these, which would allow a much faster set-up of Radio Bearers and reduce the delay for the transmission of first packets.

· If the network rejects the Radio Bearer default/stored configuration settings sent by the UE, it then sends a negative acknowledgement for those settings and initiates an exchange of scheduling information by explicit signalling; thus the NACK would comprise a resource grant message suitable for a detailed UL resource request message (as in case (a)). 

2.2.2 LTE_Active/RRC_Connected

2.2.2.1 Non-synchronised UEs

· UE initiated or network-initiated (response to paging), with UE-specific RACH parameters, non-synchronised, full established RRC context to be re-used





· UE initiated, with UE-specific RACH parameters, non-synchronised, full established RRC context not to be re-used



Note that the “Detailed UL Data Resource Request” could alternatively comprise a CQI report on its own, in which case the last two stages in the above Figure (“Scheduling Message for Data Resource Allocation” and “UL Data”) would not take place. 

2.2.2.2 Synchronised UEs

· UE initiated or network-initiated (response to paging), with UE-specific RACH parameters, synchronised, full established RRC context to be re-used


· UE initiated, with UE-specific RACH parameters, synchronised, full established RRC context not to be re-used




Note the synchronous RACH probably only needs to be used when no UL resources are currently allocated to the UE. Otherwise, the existing uplink resources may be used to transmit a request for further resources or a reconfiguration (e.g. by piggy-backing the request onto other data). 

Note that the “Detailed UL Data Resource Request” could alternatively comprise a CQI report on its own, in which case the last two stages in the above Figure (“Scheduling Message for Data Resource Allocation” and “UL Data”) would not take place. 

3. 1-step or 2-step RACH procedure

The question of whether the RACH procedure should be a 1-step procedure or a 2-step procedure needs to be closed. 

In summary, these alternatives are shown in the Figures below:
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2-step procedure

In view of the limited ability of the RACH preamble to accommodate much control signalling, it will usually be necessary to transmit a RACH message part following the preamble. In a 1-step procedure, the resources for this message part are not explicitly signalled, which implies that significant resources are tied up for potential use for RACH message parts. 

By contrast, with a 2-step RACH procedure, explicit scheduling is used for the resources for the RACH message part. This clearly results in more efficient use of resources, and we therefore recommend the 2-step procedure. 

Typically the few control signalling bits that can be accommodated in the preamble would indicate a short UE ID. 

4. Conclusions

We have made a series of proposals with the aim of providing efficient initial cell access and flexible configurations for UEs in LTE_Active/RRC_Connected mode, through the exchange of dynamic RACH system information and Radio Bearer configuration, with Initial Access Procedures covering different cases of UE synchronisation.

We propose that this approach be selected as a basis for Initial Access with the RACH in the E-UTRAN.

In particular, we propose that a 2-step RACH access procedure should be adopted, with explicit signalling for the RACH message part resource allocation if a message part is transmitted. 

A short UE ID should be embedded in the RACH preamble by means of signature selection.
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