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1. Introduction

For non- synchronized random access, 2 approaches are considered according 25.814(Physical layer aspects for evolved Universal Terrestrial Radio Access (UTRA)): the “one-step” approach and the “two-step” approach. This contribution illustrates and discusses these two approaches for LCR TDD and gives a comparison of these two approaches and proposed that the “two-step” approach should be selected for LCR TDD.

2. One-Step approach:
It was agreed that there is no explicit message for non-synchronized random access, but there is a possibility of sending the message implicitly using the preamble sequence.  The maximum number of implicit message bits is between 4 and 8. The approach for the LTE_IDLE state UE can be like following (according the LCR TDD frame structure, the non-synchronized initial access RACH located in UpPTS.) 
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Figure 1
· For the first message

Because only 4-8 bit could be sent implicitly with the access preamble, so we should design carefully the preamble sequence. For the 1-step access procedure, the RA should contain some rough information to eNB and then eNB can prioritize the UL access, allocates appropriate UL resources and schedules the first UL L3(RRC/NAS) message based on the e.g. access cause, CQI, scheduling information etc. UE should randomly select the preamble sequence based on the combination/mapping of these information. And eNB can also decide whether it should allocate C-RNTI to the UE based on the Cause information.
But because of the limitation of the preamble sequence, there is no enough position of the sequence contains all the information, if these information could not been attached together with the sequence, the 2-step approach should be proposed which more detailed access information needed by eNB can be contained in the Scheduling Request message other than in the preamble sequence.
· For the second message

For the non-synchronization random access, it’s proposed using explicit C-RNTI allocation, so the following information should be included in this message:

· Random ID

· TA

· UL grant
If the initial access carries the cause of LTE_IDLE or LTE_DETACHED, the eNB will explicitly allocate a temporary C-RNTI to the UE, and send the preamble sequence response message on E-AGCH.
If eNB will not send any response to the initial access message (the colliding preambles interfere each other and the eNB could not detect any), so after a back-off time, the UE will make another try. That requires that 1st message and 2nd message have the tight relationship on timing. But if eNB could detected the strongest signal at the access slot among all the access request using the same preamble sequence (other requests are the interference to the selected ones), the collision of C1(see figure 1) happens. This collision should be solved as following (see the 3rd message part).

· For the third message
It should contain the following information:

· Global UE identity, such as IMSI, C-RNTI if C-RNTI has already been assigned to UE before, etc. But because the size of Global UE ID is large, so we suggest using a little size of Random ID instead of Global UE ID. And this Random ID can also achieved contention resolution at the 4th step, i.e. using Random ID in this step means a second randomization to resolve the collision at the C1 point (see figure 1), because there indeed exist a second contention at the point C1.  This second level of randomisation is performed by allowing the UE to select another Random ID for the use of subsequent transmission after preamble sequence response message was received.
· L3(RRC/NAS) message. 

Channel: UL_SCH with HARQ should be used.

· For the fourth message
This message is only used for contention resolution.The L3 message should be contained in the fifth message at (DL_SCH). The reason why use this message for the contention solution is because contention should be resolved as early as possible for the consideration of time latency.
Channel: HS-SCCH+DL_SCH

Content: 

HS-SCCH: DL grant, C-RNTI (which allocated before and used temporary)

DL_SCH : Random ID;

1. If the UE detects this 4th response message to the 3rd message which does not contain the it’s unique Random ID selected at 3rd message, the UE shall conclude that a access retry is needed.

If a tight timing between 3rd message and 4th message can be achieved, the absence of response message to 3rd message allows the UE to infer that the access was not successful and has to make another retry.
· For the fifth message
It’s the L3 response message

It uses HS-SCCH + DL_SCH: 

HS-SCCH: C-RNTI which used to address the specified UE.

DL_SCH: L3 response message, including uplink and downlink resource (like RRC CONNECT SETUP message), and “permanent” C-RNTI.
When the UE received this message , it should bind the “temporary” C-RNTI allocated before and this “permanent” C-RNTI together. And this “permanent” C-RNTI should be used during the consequent procedures. 

3. Two-Step approach:
Following figure illustrates the LCR TDD Two-step approach access procedure:
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Figure 2
1. For the two-step access procedure, the RA should also contain some rough information to eNB and then eNB can allocates appropriate UL resources for the next uplink Scheduling Request message based on the e.g. access cause, CQI, etc.. But because of the limitation of preamble sequence, currently only three kinds of information will be carried by the preamble sequence:

Cause: Occupy 2 bits, used to indicate whether this access is from LTE_IDLE (or LTE DETACHED), LTE_ACTIVE(synchronized) or LTE_ACTIVE(non-synchronized). If LTE_IDLE (or LTE_DETACHED) or LTE_ACTIVE (non-synchronized), the two-step non-synchronized access procedure will be applied, and the synchronized procedure should be applied if the access is from LTE_ACTIVE (synchronized). 
CQI: Occupy 2 bits, used to indicate the downlink signal quality receive by UE and is used for link adaption. It maybe useful to make the eNB allocate appropriate DL resources, such as downlink transmission power, etc.
Random ID: Other bits, selected randomly by UE to avoid access collision.

UE can randomly select the preamble sequence based on the combination/mapping of these information. And eNB can also decide whether it should allocate C-RNTI to the UE based on the Cause information.

Based on the Cause, eNB could know whether it should contact aGW or not.
2. Like the 2nd message of the one-step approach, it’s also proposed using explicit C-RNTI allocation, and the following information should be included in this message:

· Random ID

· TA

· UL grant
If the initial access carries the cause of LTE_IDLE or LTE_DETACHED, the eNB will explicitly allocate a temporary C-RNTI to the UE, and send the preamble sequence response message on E-AGCH. But for LTE_ACTIVE(synchronized) and LTE_ACTIVE (non-synchronized), the eNB may not assign C-RNTI to the UE.
If the initial access response message is absent, after a back-off time, the UE will make another try. That requires that 1st message and 2nd message have the tight relationship on timing. If eNB could detected the strongest signal at the access slot among all the access request using the same preamble sequence, the collision of C1(see figure 2) happens. This collision should be solved as following.
3. The UE choose a second Random ID and transmit the Scheduling Request message on UL_SCH which contains detailed access information using the uplink resource allocated at step 2 . The information may includes:
· Second Random ID (It’s the same as in the one-approach. It’s used to solve the collision at C1 point). This second level of randomisation is performed by allowing the UE to select another Random ID for the use of subsequent transmission after preamble sequence response message was received.
· Access Cause: such as initial access for uplink data transmission, handover, UL synchronization acquisition, etc.
· Access Priority: It’s used to distinct different access priority.
· Scheduling Information: It’s necessary for eNB scheduling the UE efficiently.
 Among these information, Access Cause, Access Priority and Scheduling Information are all necessary for assist eNB to allocate the appropriate uplink resources and the details should be determined and derived from WG1 and WG2 together. Other additional information is FFS.

The eNB will base on these information to indicate the requested uplink resources.
4. When eNB received Scheduling Request message, it will allocate requested UL resource and send Scheduling Request Response message on DL_SCH. This message is also used to resolve the contention at C2. The absence of this message means contention has been happened and allows the UE to make another retry after a back-off time. 
5. UE send L3(RRC/NAS) message which contains the Global UE Identity and RRC/NAS message using the uplink grand assigned at 4, the channel could be UL_SCH and HARQ should be used.

6. After eNB successfully configures RRC, RLC, MAC then it will confirm its success with L3 response message to the UE on DL_SCH. Also the previous temporary C-RNTI could be bind with the UE context and the UE global identity, and become a “real” C-RNTI. If any failure or collision happened before L3 response message, the former temporary C-RNTI could be reclaimed.
4. Conclusions
In this contribution 2 approaches about non-sync random access for LCR TDD are discussed. We thought although the one-step approach has a shorter latency compared with two-step approach, but because of the limitation of the number of available preamble sequence for LCR TDD, it’s believed that it’s more important to transmit enough information (such as detailed access cause, access priority, scheduling information, etc ) to eNB by using Scheduling Request message, and then eNB can adjust the resource allocation according the information with the scheduling request message. 

So we propose to use the two-step approach for non-synchronized random access procedure.
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