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1 Introduction

Currently, the access process and the UE ID have been presented in the RAN2 meeting. In this document the non-synchronized and synchronized access procedure are analyzed.
2 Discussion

2.1 Non-synchronized Access Procedure
When UEs power on or are in RRC_IDLE state, the UEs are not synchronized with the eNodeB in the uplink. The UE who doesn’t communicate with the eNodeB for a long time in RRC_CONNECTED state may also lose its UL synchronization. In such case, a non-synchronized random access procedure is needed for the UE to access to the system. 

Firstly, the UE listens to system broadcast and reads the system information, from which the UE can get necessary information for random access.

To reduce the collision probability and detect possible collisions as quickly as possible, a number of sequences, named preambles (or signatures) are needed. By correlating different preambles, the eNodeB can detect one or more UEs. The UE is assumed to identify itself in a random access procedure autonomously by choosing a preamble randomly from the preambles of the cell. The sequence number of preamble selected randomly by UE is referred as Signature ID. During the random access procedure, UE selects a preamble randomly, estimates the transmission timing advance for uplink and transmits the preamble. Then the UE listens to the preamble response.

If the UE doesn’t receive the preamble response within the pre-defined period, it will select a preamble randomly and transmit it again. This procedure persists until the UE has received an expected preamble response or reached the maximal number of retransmissions.

After eNodeB receives the preamble signal, its physical layer will deal with the signal, calculate the uplink timing advance and read the Signature ID of UE. Then it will report to higher layer. The higher layer of eNodeB will allocate a C-RNTI and transfer the C-RNTI to physical layer. The physical layer transmits the C-RNTI, timing and power information, and a downlink share control channel (DL-SCCH) allocation information to the UE on preamble response channel. Then the eNodeB will assign a small resource for UE to transmit L2 scheduling information.

When two or more UEs transmit preamble signals with different Signature ID, eNodeB is able to distinguish different UE’s preamble and return different C-RNTI and other information to the UEs.

When two or more UEs transmit preamble signal at the same time with the same Signature ID, the collision will happen. If the eNodeB detects the collision, it will not respond to the preamble. If eNodeB doesn’t detect the collision, the eNodeB will think that only one UE sends the access request. Then eNodeB provides one C-RNTI and other information on the preamble response channel. However, the UEs who sent the access request would get and utilize the same response information. But the probability of such collision is usually low and can be further solved during the following operations, as described below.

After UE receives the C-RNTI together with timing and power information and DL-SCCH allocation information, UE then transmits the L2 scheduling request on the assigned UL-SCH. The scheduling request may include Random ID, C-RNTI, access cause etc. The Random ID is selected randomly by UE’s MAC. By using a Random ID, the residual collisions can be further resolved in this step.
When eNodeB receives the UE’s scheduling request, it will detect CRC error if two or more UEs use same C-RNTI with different random ID. In this case, the eNodeB will not transmit the response of scheduling request for this C-RNTI. All the UEs allocated the same C-RNTI can not receive the response of scheduling request. After a period of time, they will reinitiate the access process. If eNodeB receives scheduling request successfully, it will assign radio resource on UL-SCH according to the access cause, and notify the UE on the DL-SCCH. The Random ID can be transferred back to UE in the response of scheduling request. The UEs can distinguish which UE is scheduled by the response message. UEs that have not been scheduled in this step will reinitiate the access process.
If the UE is scheduled successfully, the UE can communicate with NW on UL-SCH/DL-SCH normally. Of course, the possible collisions can’t be solved 100% after above two steps of access. It is possible that two or more UEs select same Signature ID , Random ID and send the same scheduling request information to access NW at the same time unluckily. The eNodeB may not detect the access signals coming from such two or more UEs either, and assign the radio resource on UL-SCH. So the first L3/NAS message transmitted by UE on UL-SCH must carry the unique UE-ID, e.g. IMSI or TMSI. The response message transmitted by eNodeB will also carry the UE-ID to indicate the correct reception on the UL-SCH. In such a way the residual possible collisions can be resolved entirely.

The non-synchronized random access procedure is shown in Figure 1.
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Figure 1 The non-synchronized random access procedure 
2.2 Synchronized Access Procedure
If in RRC_CONNECTED state the UE is synchronized in uplink and requests for scheduling, the UE will initiate an access procedure on contention based RACH channel. In this case the UE has been allocated a C-RNTI, so the UE can transmit the scheduling request with the C-RNTI. If the eNodeB receives the scheduling request correctly, the eNodeB will transmit response information to the UE on DL-SCCH and schedule the UE by the C-RNTI in the following steps. After receiving the scheduling information, the UE will exchange user data on the UL-SCH/DL-SCH. During this procedure, the first message transmitted by UE on UL-SCH need not carry the unique UE-ID. The random access procedure in this case is shown in Figure 2.
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Figure 2 The synchronized random access procedure
3 Proposal
It is proposed that the access procedure discussed above should be adopted for TDD in LTE.
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