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1. Introduction

According to the random access procedure in Ref. [1], UE transmits first a preamble whose signatures carry a few bits of information. These bits are used for identifying UEs and/or informing the DL quality, random access cause etc. A message part, attached to the preamble, should be small or should not exist at all because it is inefficient to send large amount of data on the contention based channel.

Here we propose a non-synchronized random access procedure in accordance with Ref. [1]. A bare preamble with no attached message part is transmitted first. The preamble signature carries no information on the requested resources, but that is included to the message send on SCH, allocated after Node-B observes the preamble. We are thus proposing a two-step procedure. In the procedure, network assigns to the observed preamble a temporary identifier that is used for allocating UL resources for the transmissions following the preamble. In addition, the preamble collisions are resolved in an early phase of the random access procedure.

The non-synchronized random access procedure must be used if UEs timing advance (TA) may be invalid. If UE has C-RNTI (cell specific radio network temporary identifier), the purpose of non-synchronized random access can be: (1) resource request, (2) handover, and (3) network initiated adjustment of TA. The causes (2) and (3) could also be handled using a scheduled resource with large guard time [2]. If UE does not have C-RNTI, the possible causes are a move to LTE-ACTIVE state and the update of the location area. In these cases, UEs are identified with TMSI, IMSI, or IMEI.
2. Temporary C-RNTI

According to our proposal, when Node-B observes a preamble, it assigns a temporary C-RNTI (T-C-RNTI) for the preamble’s time, frequency and signature index and sends that in the acknowledgement of the preamble.  T-C-RNTI is of the same length as C-RNTI, and only a small fraction of the total number of C-RNTIs are needed for the temporary use.  The UL-SCH resources are allocated with T-C-RNTI for the first transmission(s) after the preamble, which means that these allocations can be handled like any other allocations. That is beneficial considering the signaling of all the UL SCH allocations. With T-C-RNTI, Node-B can also order retransmissions of the first message(s). 
T-C-RNTI is released after UE has sent its already existing C-RNTI or when a permanent C-RNTI is assigned for the UE in the cell association procedure (T-C-RNTI could also become the permanent C-RNTI in this phase) or when the random access procedure fails and a sufficiently long time has passed since T-C-RNTI was used for allocation.
Instead of an explicit assignment of T-C-RNTI, we have also considered a system like in [3] where the preamble’s time, frequency and signature would map to a T-C-RNTI in a manner that also UE knows. This would save transmission of T-C-RNTI in the preamble acknowledgement but might consume an unnecessarily large part of the C-RNTI space. In this method, we would be reserving a C-RNTI for every possible preamble frequency and signature index for a period of several tens of ms (equal to the duration of cell association procedure) while if Node-B does the selection, T-C-RNTIs are reserved only for the observed preambles.    
3. collision resolution
Preamble collision takes place when two UEs try to access simultaneously with the same frequency and signature. Such a collision is difficult to detect because Node-B cannot easily distinguish if the signal comes from one or two sources. If Node-B does not detect a collision, two UEs start to transmit on the same UL-SCH resource, interfering with each other and causing also interference to adjacent channels because one of the UEs uses TA that is meant for the other UE. Therefore, an early resolution of a collision is desired. The final collision resolution takes place after UE has sent and received back its unique identifier (C-RNTI, TMSI, IMSI, or IMEI).  If UE has C-RNTI, Node-B can acknowledge that right away, but transmission of the other, longer identifiers happens through time and resource consuming cell association procedure. Then it would be beneficial to use a random identifier for resolving collisions rapidly with sufficient probability before sending long messages.   

4. Non-synchronized random access procedure when UE has C-RNTI

The non-synchronized random access procedure in the case that UE has C-RNTI is shown in Figure 1.  Node-B sends a preamble acknowledgement a fixed time after the sub-frame where the preamble was observed.  The acknowledgement consists of the preamble’s frequency and signature indexes, timing advance, transmit power adjustment, and T-C-RNTI.  The frequency index is needed if more than one frequency block has been allocated for RACH during one sub-frame, and the signature index tells which one of the possible preamble sequences Node-B observed. Naturally, Node-B may also choose to send NACK that consists of the frequency and signature indexes. UE checks if there is an acknowledgement corresponding to the preamble parameters it had used. If the acknowledgement is missing, UE repeats preamble transmission with increased power. Some kind of randomization is used when UE chooses the new access slot (frequency and time) and the signature. When UE finds an acknowledgement with its preamble signature and frequency index, it starts to check if UL SCH resources are allocated for it with the T-C-RNTI of the preamble acknowledgement.  The first message on UL SCH consists of C-RNTI, cause of random access, TX buffer status, and information on DL quality. If Node-B succeeds in decoding of the message, the following UL allocation is indicated with UE’s C-RNTI. If Node-B fails in reception, it can ask UE to retransmit the message by allocating resources with T-C-RNTI. UE starts a timer after transmitting the message containing C-RNTI. If UE does not receive UL allocation with either T-C-RNTI or C-RNTI before the timer expires, it concludes that a preamble collision had occurred and it must start the random access procedure from the beginning. After Node-B allocates UL resources with C-RNTI, only one UE continues the procedure. 
The procedure of Figure 1 contains an identification and resource request step (4) between the preamble (1) and the first actual data packet (6). That is needed unless the resource request is sent already with the preamble, which is not possible according to the assumptions of [1].  
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Figure 1. Random access procedure when UE has C-RNTI.
5. Non-synchronized random access procedure when UE does not have C-RNTI

The procedure in the case that UE does not have C-RNTI is shown in Figure 2.  The beginning until phase 4 is the same as in the procedure for UE that has C-RNTI. In phase 4, UE sends the random id that is used only for resolving preamble collisions with high probability.  The cost of this phase is the additional acknowledgement in DL and the additional delay of one round trip time (RTT) before the cell association request can be sent. The significance of the additional delay depends on the total duration of the cell association procedure. If that is a few tens of ms, then one additional RTT during the random access procedure can be accepted.
If the messages sent in phases 4 of  Figure 1 and 2 are nearly of equal length, there is no reason to use the preamble signatures for indicating whether the UE has C-RNTI or not. Node-B can distinguish these two cases when it decodes the message in phase 4.  
If the probability of preamble collision is considered low enough, the phases 4 and 5 can be left away from the procedure of Figure 2. The UEs without C-RNTI would then send the cell association or location area update request already in phase 4. Those messages call for much larger resources than the message in phase 4 of Figure 1. Therefore, in this case, the preamble signature should be used for indicating if UE has C-RNTI so that Node-B can allocate a suitable resource.  We would then have a two-step procedure in case that UE has C-RNTI and a one-step procedure in case that UE does not have C-RNTI.     
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Figure 2.  Non-synchronized random access procedure in case that UE does not have C-RNTI.
6. Conclusions
We have discussed a two-step non-synchronized random access procedure. We propose that Node-B gives a temporary identifier in the preamble acknowledgement. This identifier is used for ordering retransmissions of the first messages on SCH, allowing flexible allocation of the SCH resources. In addition, distinguishing between the cases that UE has C-RNTI or not, we propose that UE sends either C-RNTI or a random identifier in the first message on SCH. With the help of these, UE can detect preamble collisions rapidly.
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