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1. Introduction

In this contribution, some new contention resolution methods are discussed based on the procedures in [9] and the opinions of our company about C-RNTI allocation and HARQ using at Message 4 are also provided. 
In 3GPP TSG RAN2-56, a reply LS (R1-063545, to RAN2) about LS (to R2-062546) on non-synchronized Random Access for EUTRA TDD was given. And based on the additional response on preamble number per cell for LCR-aligned EUTRA TDD frame structure, the following conclusion was provided: “For LCR-aligned TDD frame structure, the number of preamble per cell is 16 per 5ms”. So RAN2 should take this information into account for the work of initial random access for LCR TDD. And because of the limited preamble sequence and restricted information it could carry, this contribution proposed to use “two-step” approach for initial random access for LCR TDD based on the above precondition.
2. Contention analysis and resolution
The procedure in [9] can also be described as following figure:
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2.1 Contention Analysis:

If the Random Access Preamble Response message is absent (because of e.g. the failure of detection of access request when multi UE perform accessing by using the same preamble sequence at the same time), then after a random back-off time, the UE will make another try. That requires that the 1st message and the 2nd message have the tight relationship on timing, i.e. a timer maybe exist between these two messages. If eNB could detected the strongest signal at the access channel at which all the access request using the same preamble sequence, the collision of C1 (see figure 1) happens because the access response message is addressed by RA-RNTI. There includes two cases: if all the UEs use the same access channel but with different preamble sequence, it’s no problem because UE can know whether Msg2 is belonging to it or not by identifying the preamble ID in the message at DL-SCH. For another case, if all the UEs access by the same access channel and with the same preamble sequence, so every UE would receive the access response message and deem it belong to it’s self. 
To resolve the contention mentioned above, and as one of a contention resolution method which this contribution is to propose, the UE should choose another unique identity which identity the UE exclusively when sending Message 3. For example, we could use IMSI or TMSI as this kind of UE Identity. Then the UE calculates the CA-RNTI (calculated-RNTI) by using the two variables C-RNTI and IMSI: CA-RNTI = F(C-RNTI, UE Identity). Because the UE Identities for all UEs are different, the CA-RNTI should be produced to be unique also for each UE. The algorism or function F() to calculate CA-RNTI is FFS. And the UE stores this exclusive CA-RNTI for later contention resolution. 
If eNB captured and decoded the Msg3 successfully, it will use the same function which was introduced at Msg2 step to produce CA-RNTI by C-RNTI and IMSI contained at Msg2. Then eNB will send Contention Resolution message addressed by CA-RNTI to the UE. Only the UE having the same CA-RNTI calculated before could accept the Msg4 and give ACK to eNB, i.e, the CA-RNTI ensure the exclusiveness of Msg4 at L1/L2 control channel level.  This kind of method eliminates the need of a special mechanism that the UE only sends HARQ ACK if it finds its own UE ID in Msg4 when HARQ is applied at Msg4.
2.2 Other contention resolution method
To resolve the collision, there are some other contention resolution methods: 

· When sending Msg3, the UE chooses and stores a second random ID (compared with the first random choosing of preamble sequence) which can decrease the probability of subsequent collision, and binds the C-RNTI and Random ID it choose together. In the Msg3, it includes C_RNTI + Random ID. When eNB captured and decoded the Msg3 successfully, the eNB will use the C-RNTI to identify the UE and also binds the received C-RNTI and Random ID. After the success receiving the Msg3, eNB will use Random ID in L1/L2 control signalling to address the UE and send Contention Resolution message to the UE. Only the UE having the same Random ID stored before could accept the Msg4 and give ACK to eNB, i.e, the Random ID ensure the decreasing of probability of collision of Msg4 at L1/L2 control channel level.

· This method is some different from the one which introduced during the introduction of Msg3 and Msg4: UE need not to send IMSI or TMSI at Msg3 but it contains a CA_RNTI which was allocated and calculated at UE before sending Msg3. And because of the unique IMSI/TMSI, the CA_RNTI can also be unique and be bind with IMSI/TMSI together. The UE and eNB can use this CA_RNTI to identify the Msg4 exclusively.

3. 2-Step approach
Based on the reply LS (R1-063545, to RAN2) in 3GPP TSG RAN2-56 about non-synchronized Random Access for EUTRA TDD, the 2-step procedure should be considered for LCR TDD. Following figure illustrates the LCR TDD 2-step approach access procedure:
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Figure 1
3.1 Message 1
Due to the restricted number of data available in the preamble (maximum 4 bits of implicit information could be included), and to reduce the UE collision probability, following two kinds of information [7] will be carried by the preamble sequence:
Cause: 
Occupy 2 bits, it is used to indicate whether this access is because of Initial Access, Handover, UL Synchronization; UL Resource Request. The eNB can base on these causes to allocate corresponding initial uplink resource and carry appropriate information in the following response message. 
Random ID:
Occupy 2 bits, selected randomly by UE to avoid access collision. That means the initial access collision probability will be 1/4 and contention solution should be applied.
When performing the initial access, the UE can randomly select the preamble sequence based on the combination/mapping of above information. The eNB can decide whether it should allocate C-RNTI or not to the UE based on the Cause information: if the access cause is Initial Access or Handover, the new C-RNTI need to be allocated (we propose C-RNTI allocation at message2, see the following descriptions). And eNB can also decide whether it should allocate uplink resource or not: if the Cause is UL Synchronization, it means the UE only just want to acquire the uplink synchronization and no subsequent Scheduling Request message will be transmitted, so it’s not needed to carry UL resource information at the access preamble response message.
3.2 Message 2
It’s proposed using explicit C-RNTI allocation at this step, and the following information should be included in this message:

· Preamble ID

· TA

· UL Scheduling Grant
· C-RNTI
All this information should be included in the DL-SCH and the addressing of this message will be through the RA-RNTI as agreed in the L1/L2 control channel. 
3.3 Message 3
UE will transmit the Scheduling Request message on UL_SCH which contains UE Identity and other detailed access information using the uplink resource allocated at Msg2. The information may include:
· UE Identity or Random ID or CA-RNTI
· Access Class: It’s used to distinct different access priority.
· Scheduling Information: It’s necessary for eNB scheduling the UE efficiently.
· UL Buffer Status
· Other information
All these information are necessary for assisting eNB to allocate 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 this information to indicate the requested uplink resources.
3.4 Message 4
When eNB received Scheduling Request message, it will allocate requested UL resource and send Scheduling Response message on DL_SCH, and we support that HARQ should be used at this step. 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 random back-off time. 
3.5 Message 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.

3.6 Message 6, 7, 8
After eNB successfully configures RRC, RLC, MAC then it will confirm its success with L3 response message to the UE on DL_SCH. 
3.7 Contention resolution method
Those contention resolution methods introduced in 1-step procedure can also be used in the 2-step approach with the same principle:

· Method1: After received Msg2, UE use IMSI or TMSI as UE Identity and then calculates the CA-RNTI 

CA-RNTI = F(C-RNTI, UE Identity). 

Because the UE Identities for all UEs are different, the CA-RNTI should be produced to be unique also for each UE. The algorism or function F() to calculate CA-RNTI is FFS. And the UE stores this exclusive CA-RNTI for later contention resolution. When eNB captured and decoded the Msg3 successfully, the eNB will use the same function which was introduced at Msg2 step to produce CA-RNTI by C-RNTI and IMSI contained at Msg2. Then eNB will send Scheduling Response message (Msg4) addressed by CA-RNTI to the UE. Only the UE having the same CA-RNTI calculated before could receive the Msg4 and give ACK to eNB, i.e, the CA-RNTI ensure the exclusiveness of Msg4 at L1/L2 control channel level.

· Method2: When sending Msg3, the UE chooses and stores a Random ID and transmit C_RNTI + Random ID in Msg3. When eNB captured and decoded the Msg3 successfully, the eNB will use the C-RNTI to identify the UE and also binds the received C-RNTI and Random ID together. The eNB will send Scheduling Response message addressed by the received Random ID to the UE. Only the UE having the same Random ID stored before could receive the Msg4 and give ACK to eNB.
· Method3: This method is some different from method 1: UE need not to send IMSI or TMSI at Msg3 but it contains a CA_RNTI which was allocated and calculated at UE before sending Msg3. And because of the unique IMSI/TMSI, the CA_RNTI can also be unique and be bind with IMSI/TMSI together. The UE and eNB use this CA_RNTI to identify exclusively the Msg4.

4. Conclusions
In this contribution, 3 methods about contention resolution are discussed. To eliminate the need of a special mechanism that the UE only sends HARQ ACK if it finds/decodes its own UE ID in Msg4 when HARQ is applied at Msg4. And to resolve the contention as early as possible, addressing the UE exclusively at L1/L2 control channel is proposed. 
On the other aspect, 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[see R1-063545], 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 in the scheduling request message. 
So we propose to use two-step approach for non-synchronized random access procedure for LCR TDD and methods introduced in this contribution to resolve initial access collision.
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