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1          Introduction

The RRC Connection Request message is carried by the RACH transport channel which has a limited size.   The analysis in [1] showed that the RRC Connection Request is approaching the default RACH size limit (168 bits).  Even if basic RACH measurements are included, it is shown in [1] that the Rel-10 RRC Connection Request has exceeded this limit.  With more features being introduced in Rel-10 and beyond, the size limitation problem will be worse.  This problem is also present in the Cell Update and URA Update messages, albeit they are not as severe as that in the RRC Connection Request message [2].  This document further investigates this issue.

2          Discussions
2.1 RACH Signalling Optimisation
Efforts have been made to optimise and thereby reduce the RACH signalling message, particularly the RRC Connection Request.  In [3], it is proposed to remove non-critical extension in the RRC Connection Request message and by doing so 14 bits can be saved.  Further suggestions were made in [2] to further optimise the RRC Connection Request message.  These will result in a new format for the RRC Connection Request message and it is proposed that the network broadcast support of this new message in SIB 3 [3].
Some networks use RACH measurements provided by the UE in the RRC Connection Request to determine whether to accept the call, offer a redirection or reject the call and to determine an initial Active Set for the UE.  It is shown in [2] that the bits savings in [3] is not sufficient to include such measurements in the RACH signal using the default RACH transport block.
2.1 RACH Capacity Extension

The bits savings made in the new optimised RRC Connection Request message, even without RACH measurement reports will be used up when new feature is introduced (e.g. MTC).  The message optimisation is a short term solution and hence, in the long term, the RACH signalling capacity needs to be extended.  

Common E-DCH resources were introduced in Rel-8 which allows the UE to use E-DCH in Idle Mode.  The RRC Connection Request message can be carried by the common E-DCH resource since it (E-DCH) has sufficient capacity to carry the message, RACH measurements and any information required in future features.  However, it was commented that this requires the network (and UE) to support Enhanced Uplink CELL_FACH, in order to support large RRC Connection Request message and operators may not want to implement Enhanced UL CELL_FACH [4].
A larger RACH transport block can be used to carry the RRC Connection Request message, for example using the conformance tested RACH transport block size of 360 bits [4].  However, a higher capacity RACH would require higher transmit power (similar to using common E-DCH of similar transport block size) and hence leading to smaller coverage.  
Multiple RACH can be used to carry the RRC Connection Request message, if the size of the RRC Connection Request exceeds the capacity of the single default RACH transport block.  These RACH blocks can be sent consecutively in time as shown in Figure 1, where each RACH transport block has the default 168 bits size.  This will avoid power and coverage issue that are present in using a larger RACH transport block.  The RRC Connection Request message is split into several portions and an indication of these additional portions needs to be included in the message.  Although bits will be wasted in additional overheads (e.g. MAC header and indication of additional portions), it is compensated by the large capacity provided by these additional RACHs.  For the immediate future, two RACHs should be sufficient to contain the extensions introduced by new features and the RACH measurement reports.  However, this approach will cause a small delay in receiving the RRC Connection Request message.  This could be mitigated for by the splitting of the IEs into the 2 RACH messages, so that prioritised IEs are in the 1st message and the remaining 2nd tier IEs are in the 2nd message.  The 1st message is received by the network first which would allow the network to start the RRC connection request setup procedure.  Using additional (existing) PRACH does not require new hardware upgrades to the NB receiver.  The network can indicate support of multiple RACH reception by broadcasting this in a SIB.  The RACH capacity extension can be done in addition to optimisation the RACH signalling and hence a single bit can be used in SIB3 to indicate that the network supports the new optimised RRC Connection Request message and also capable of receiving multiple RACHs.  Multiple RACHs can also be used to carry Cell Update and URA Update messages if they exceed the single default RACH capacity.
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Figure 1: RRC Connection Request message spread over different time

Proposal 1: Allow a mechanism for the RRC Connection Request, Cell Update and URA Update messages to be carried by more than one RACH.
3          Conclusion
The limitation faced by the RACH signalling is discussed in this document and the following are proposed: 
Proposal 1: Allow a mechanism for the RRC Connection Request, Cell Update and URA Update messages to be carried by more than one RACH.
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