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1
Introduction

This paper discusses the procedure of non-synchronized random access (RA) along the line of Ref. [1]. Among other things, we describe how the preambles are acknowledged and how the UE is addressed during the procedure. 

2
Random access procedure
The messages in the non-synchronized random access procedure are shown in Fig. 1.


Message 1: Preamble

The RA preamble is a signature sequence. The available signatures are grouped according to the downlink CQI and the RA cause [5]. UE chooses randomly one of the signatures inside the proper group. Indicating CQI is important because eNB chooses the modulation and coding schemes of the DL messages based on that. In minimum, the RA cause indicates whether the UE has C-RNTI or not. eNB needs this information in order to select the resource allocation for the message 3. 


Message 2a: Preamble acknowledgement

The preamble acknowledgement is sent within a window of a few TTIs. A minimum delay is specified in the standard and the width of the window for acknowledgements is at most equal to the separation of the RACH access slots. The priority of RA is so high that a rather tight timing is justified. 

The preamble acknowledgement contains the parameters of the preamble (signature and frequency index), the timing advance (TA), possibly power adjustment, and a temporary identity RA-ID. In the following phases of the procedure, the UL and DL resource allocations are given using the RA-ID.  Thus a RA-ID is used as a C-RNTI which simplifies the signaling because the normal resource allocation systems are then available for the RA procedure, too. 
The explicit RA-ID assignment is preferred over the implicit method [2] because RA-IDs consume C-RNTI space and fewer RA-IDs are needed if they are assigned explicitly. We note that this is important even if 16-bit C-RNTI is defined for the higher layers because truncated  C-RNTIs  may be used in the physical layer when the number of active UEs allows that [3].  Another reason to use the explicit mapping is that the life time of RA-ID can then be flexible while the implicit mapping means that the life time of the ID, counted in the access time slots of the preambles, must be either specified in the standard or given in the System Information.  
The acknowledgements are sent on the L1/L2 control signaling channel whose preferred structure is explained in [4]. The control signaling channel consists of a part common for all the UEs and one or more variable parts directed for groups of UEs.  One bit is reserved in the common part for indicating that preambles are acknowledged in the variable part(s). CQI is utilized for choosing the right group of coding for the acknowledgements. 
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Figure 1: Messages in the non-synchronized random access procedure
 
Message 2b: Resource allocation for the first UL message on SCH

The resources are given using RA-ID like in case of any other SCH resource allocation. eNB knows roughly the resources needed for message 3 because the existence of UE’s identifiers (C-RNTI, IMSI, …) is indicated by the preamble signature. The UL allocation could be given already in the same TTI where the preamble is acknowledged.  A maximum delay is specified in the standard or System Information for the resource allocation. If this time has passed from the acknowledgement without an UL allocation, UE decides that the procedure failed.   

eNB may repeat the resource allocation blindly or after failing in the reception of the message 3.  Preparing for retransmissions hardly complicates the system: after sending the message 3, UE just needs to check both the UL and DL resource allocations instead of looking only for the DL allocation for the message 4.  

Message 3: First UL message on SCH

If UE has C-RNTI, it sends that together with a resource request.  The cell association procedure takes place if UE does not have a C-RNTI. Then UE has to send TMSI, IMSI or IMEI.  

After sending the message 3, UE continues checking for resource allocations. eNB may ask the UE to repeat the message 3, terminate the procedure, or read the collision resolution message 4. If none of these happens within a specified time after sending message 3, UE concludes that the procedure failed.


Message 4: Collision resolution message
eNB echoes the UE identity (or a shorter bit sequence derived from the identity) it had decoded from the message 4. UE whose identity does not match with the received one starts the RA procedure from the beginning. If UE already had C-RNTI, the next resource allocation can be done with that. UEs that are making initial access or transfer from LTE_IDLE to LTE_ACTIVE state receive C-RNTI in the collision resolution message and are after this in the RRC_CONNECTED state. This ends the RA procedure.

When there is contention, several UEs will try to read and decode message 4. If HARQ were used, the ACK/NAK messages coming from different UEs would collide in the UL. For that reason, the usage of HARQ for message 4 seems difficult.
3
Conclusion
The main features of the presented procedure are:

· A temporary UE identity RA-ID is given when the preamble is acknowledged. It is used like C-RNTI when resources are allocated during the rest of the random access procedure. 

· Collision resolution is performed without waiting for the cell association response in order to reduce the delays.

We propose that the presented system is taken as the basis for a more detailed specification of the non-synchronized random access procedure. 
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