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Introduction

In one of the previous RAN meetings number of steps and the content of messaging used in the Random Access procedure were identified as topics needing further investigation. Previous contributions on this subject in general agree on the types of random access and their use cases, but differ in the number of steps needed to obtain actual UL resources, as well as on the content of information that goes over Random Access channel. In this proposal we are providing our view on this subject.  
Non-synchronized Random Access
 
Non-synchronized random access can be used for initial access, handovers to a non-synchronized cell, obtaining UL synchronization, or for requesting UL-SCH resources for sending data or control information.
In other words, it can be used for: 
· State transitions from RRC_IDLE or NULL to RRC_CONNECTED 
· or in RRC_CONNECTED state when UL synchronization has been lost 
Based on work performed within RAN1, it can be assumed that random access is contained within a single uplink sub-frame, and that, in order to maintain reasonable random access overhead, the non-synchronized random access request will consist of just the Random Access Preamble. 
Non-synchronized random access is also expected to be primarily used for initial access and handovers. With that in mind, if average call statistics and the typical number of Random Access opportunities are taken into account, it can be also expected that collision probability of random access preambles is likely to be very small. Because of that, randomization achieved through signature selection can be reduced, and the signatures can be partitioned to communicate few implicit bits between UE and eNode B. However, few implicit bits transmitted in this way will not be enough to provide eNode B with sufficient information, meaning that an additional step is needed where more details about random access request can be sent. Therefore, our preference for non-synchronized random access is two step procedure. 
In the first step available implicit bits can be used to indicate the purpose of using random access, and in the second step actual control message can be transmitted. For example, if the purpose of using random access is to request UL-SCH resources, initial access, or handover, then in the second step UE can transmit UL Scheduler Request, RRC Connection Request, or Handover Complete messages respectively. Figure 1. shows proposed flow diagram for non-synchronized random access case:
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                                    Figure 1. Non-Synchronized Random Access

Selection of Random Access Preambles 
As mentioned previously, depending on the number of available random access signatures and opportunities, it may be possible to transmit few implicit information bits between UE and eNode B. For example, if 16 signatures are available in each sub-frame reserved for Random Access (e.g. periodically every 5ms), 4 implicit information bits can be transmitted between UE and eNode B, which can indicate the following:
	Non-synchronized Implicit “Random Access Request" Bitmap = Preamble ID

	Cause ( 2 bits)
	Random Field (2bits)


· Cause (2 bits), which can be used to make a distinction between different access requests and can assist eNode B in sizing the initial UL resource allocation. Cause of access for example can be: 
· initial access, 
· handoff to a non-synchronized cell, 
· acquisition of UL synchronization, or 
· UL SCH resource request. 
· Random field (2 bits), for the purpose of collision avoidance. 

Random Access Response Message

Random Access Response message should have fixed timing relationship with the Random Access Preamble, and can include: ACK/NAK, associated with the Access Preamble ID; cell specific identifier which UE can use for subsequent transactions over UL-SCH, UL Timing Advance; and, based on the cause of access, UL resource allocation where UE can send Scheduling Request or RRC/NAS Control Messages such as RRC Connection Request or Handoff Complete.
Random Access Preamble Collision Detection 
In the non-synchronized access case, if two or more users transmit at the same time using the same signature, eNode B may not be able to reliably determine if a Random Access collision occurred. In that case determination of a collision would have to be done through subsequent transmissions over UL-SCH. If UE determines that a collision occurred, it will perform random back-off and re-start random access procedure.  
Synchronized Random Access
 
Synchronized random access procedure can be used when UE is UL time synchronized and wants to obtain UL shared data channel resources for sending UL data or control messages. Transmission of limited amount of information from UE to eNode B can be done through selecting appropriate signature in combination with Random Access slot, but primarily through the Random Access Request message itself. As opposed to the non-synchronized access, collision avoidance is an important aspect here and signature space should probably be used for that purpose only. 
Latest RAN1 discussions indicated that a small message part (24 bits) could be included together with the random access preamble, while still maintaining reasonable random access overhead. The message, for example, can indicate the following: 
· UE_ID (12 bits), can be cell specific C-RNTI identifier
· CRC (6 bits), for reliability and collision detection purposes

· priority of request (2 bits), which can indicate priority of data or control information
· buffer status (2 bits), which will help eNode B determine the size of the first UL resource assignment; it may also be set to 0 if random access is used for periodic re-synchronization purposes and no UL resources are needed  
· uplink channel estimate (2 bits), for the purpose of assisting in the decision about MCS format in the UL Resource Allocation portion of Random Access Response message; this field can report the DL reference signal measurement or UE’s own estimate of remaining TX power, based on the downlink pathloss
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Figure 2. Synchronized Random Access

Based on the information in the RACH Request Message eNode B can make a determination about the size of UL Resource assignment, however NULL UL Resource Assignment should be allowed, for example, if RACH is used for periodic UL synchronization when no actual UL resources are needed. Timing Advance field may also be set to NULL, or omitted, if no UL timing adjustments are necessary. 
UE may also be allowed to ask for additional UL resources by piggy-backing UL Scheduler Request message with UL shared data transmissions. This would help reduce load on inherently inefficient random access channel. 
In the synchronized case, Random Access Request message collisions can be detected by the physical layer, therefore collision detection/resolution can take place over RACH channel without involving subsequent UL-SCH transmissions, as may be necessary in the non-synchronized case.  
Conclusions 
This document has presented the random access message contents and procedure scenarios to be used in LTE. In summary the following conclusions can be made:
· Two steps are needed in non-synchronized random access case

· One step is sufficient in synchronized random access case

· UL synchronization information (Timing Advance) is combined with the UL-SCH resource allocation.  
· Collision Detection and resolution to take place over Random Access channel; it may take place over UL-SCH in the non-synchronized access case
· Contents of Random Access Request and Response Messages for both non-synchronized and synchronized random access procedures can include:
i. Non-synchronized Random Access request - signature sequence comprising random value, and potentially cause, or other limited information.
ii. Non-synchronized Random Access response – C-RNTI, timing advance, UL resource allocation for Scheduling Request, or if cause of access is available then UL resource allocation corresponding to the cause of access
iii. Synchronized Random Access request - UE_ID, CRC, priority, buffer status, uplink channel estimate
iv. Synchronized Random Access response - UE_ID, timing advance, UL resource allocation.
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