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1. Introduction

In previous joint RAN1/RAN2 meeting One-Step vs. Two-Step random access approach 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. 
2. Random Access Procedure Flowchart

Based on the latest discussions within RAN1, in order to satisfy cell coverage and random access overhead requirements, it is going to be difficult to send even small message part (e.g. 4 bits), together with the random access preamble [5]. Since this is not enough to make meaningful scheduling request, our opinion is that Random Access should be done as a Two-Step procedure, i.e. there are two steps involved before UE gets UL resource allocation. Figure below shows proposed flow diagram to be used for both synchronized and non-synchronized physical layer implementations. 
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Random Access Response Message

As a reply to Random Access Preamble, Node B sends Random Access Response message. The response message should have fixed timing relationship with access preamble, and can include: ACK/NAK, associated with the Access Preamble ID; UL Timing Advance; and allocation in the UL-SCH where UE can send UL Scheduler Request, and potentially other data/control information. Allocation for sending UL Scheduling Request can be implicit based on used signature sequence. UE should also be allowed to ask for additional UL resources through means other than random access, for example, it could piggy-back additional UL Scheduler Request messages with ongoing UL shared data transmissions. By doing this it would avoid unpredictable delays associated with random access procedure, and it would also help reduce load on inherently inefficient random access channel.  
UL Scheduling Request Message

Scheduling request message contains information that is relevant in determining priority of requests coming from different users, as well as the size and MCS format to be used in UL-SCH resource allocations. It may have several formats, in order to provide different level of detail, or different content of information to UL scheduler. UL Scheduling Request for example can contain: 
· UE_ID, which can be cell specific identifier, such as C-RNTI if available, else network specific ID, else random ID 

· cause/priority of the request 
· buffer status, can be aggregate buffer status report, or it can include more detailed information about each traffic flow and its associated priorities; 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, for the purpose of assisting in the decision about MCS format in the UL Resource assignment message; this field can report the DL reference signal measurement or UE’s own estimate of remaining TX power, based on the downlink pathloss.
Random Access Preamble Collision Detection 

If two or more users transmit at the same time using the same signature, Node B will probably not be able to reliably determine if a Random Access collision occurred. Therefore determination of a collision has to be done through subsequent transmissions over UL-SCH. If a collision occurred, UE will perform random back-off procedure and re-start random access. Also, different set of signatures will be used for synchronized and non-synchronized cases and collision between the two is not an issue.
3.1 Non-synchronized Random Access
 
Non-synchronized random access can be used for initial access, handovers to a non-synchronized cell, or for obtaining UL timing advance when UE or Node B determines that it has been lost.
In other words, it can be used for: 
· State transitions from RRC_IDLE to RRC_CONNECTED state, 
· or in RRC_CONNECTED state when UL synchronization has been lost; or is not yet acquired, as is the case of a handover to a non-synchronized cell. 
Sometimes it may be useful to allow loss of uplink synchronization, while maintaining MAC RRC_CONNECTED state to combine the benefits of power savings with the faster access.
Amount of information that can be transmitted in the non-synchronized random access, besides implicit “random id” indicated by the signature selection, is in essence limited by the available radio resources and the requirement to maintain sufficient level of randomness necessary for collision avoidance. 
However we believe it is possible to communicate some limited information, such as indication of downlink quality, or priority of access, between UE and Node B through specific selection of signatures and/or random access opportunities.
Selection of Random Access Signatures 
Based on the work performed within RAN1, this paper assumed that random access is contained within a single uplink sub-frame. If the UE is not UL time synchronised guard period must be provided and the random access request can consist of just Random Access Preamble part selected from the set of, for example, 16 available signatures. With 16 signatures in each Random Access opportunity, 4 information bits can be effectively transmitted between UE and Node B. It can be assumed that there will be no additional message part in the preamble in order to maintain reasonable random access overhead. It is also expected that non-synchronized Random Access procedure will be primarily used for initial access and non-synchronized cell handovers. 
With that in mind, and taking into account average call arrival rates, holding times, and number of Random Access signatures/opportunities, it can be assumed that collision probability of Random Access preambles will be very small. Therefore, some bits associated with the selection of signature can be used for communicating limited amount of information about UE to eNode B. For example, signatures can be partitioned to indicate the following: 
	Non-synchronized Implicit “Random Access Message" Bitmap = Preamble ID

	Priority (2bits)
	random field (2bits)


· Priority (2 bits), which can be used to make a distinction between different access requests. Request prioritization can also be done by other means, such as appropriate selection of random access p-persistency; or partitioning of random access opportunities (slots) according to the priority of the requests
· Random field (2 bits), for the purpose of collision avoidance. 

3.2 Synchronized Random Access


The 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. Examples of synchronized random access use can be: periodic re-synchronization, synchronized handoff, request for UL bandwidth, location update, or transmission of control information such as addition of new flow, call origination, etc.  
Transmission of limited amount of information to Node B and prioritization of different access requests can be done through selecting appropriate signature in combination with TDM/FDM Random Access opportunity, or by associating different p-persistency values, similarly as in the non-synchronized access case. However, in synchronized access case, it is expected to have higher random access channel loading, and for that reason we would refrain from using signatures to transmit information from UE to Node B in order to provide sufficient level of collision protection. 
In synchronized random access case it may be possible to attach a small message part (4-6 bits) to access preamble, but its feasibility remains under RAN1 investigation. If that proves possible, these additional bits can be used as random fields, which in combination with signatures would reduce probability of collisions. For example, if 6 bits are available, 4 can be used as additional random fields, and 2 can be used as access priority indicators. 
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Conclusions

This document has presented the random access message contents and procedure scenarios to be used in LTE. The following proposals are recommended to be captured into 25.813 TR.
· “Two Step” Random Access procedure for both synchronized and non-synchronized access types- i.e. there are two steps between the random access transmission from UE and the UL-SCH resource allocation. UL synchronization information (Timing Advance) is combined with the UL Scheduling Request resource allocation. 
· Collision detection to take place over UL-SCH
· Random Access Request and Response Message Contents for both non-synchronized and synchronized random access procedures:
i. Non-synchronized Random Access request - signature sequence comprising random value, priority, other limited information.
ii. Synchronized Random Access request – signature sequence comprising random value
iii. Random Access response - signature sequence ID, timing advance, UL Scheduling Request resource allocation.
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