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1 Introduction
In the RAN1 ad hoc meeting in Cannes, One-Step vs. Two-Step for non-synchronization random access approach has been discussed. There are two kinds of RACH procedure “A” and “B” which have been provided in the meeting for LTE non-synchronization random access procedure. RACH procedure “A” has been considered a promise method to be accepted by many companies, especially for FDD mode. In this contribution, more details of non-synchronized random access procedure for EUTRA TDD frame structure of approach 1 in section 6.2 in [1] are discussed. According to the analysis, we recommend the RACH procedure “B” to be accepted as non-synchronization random access for EUTRA TDD (LCR-based frame structure).
2 EUTRA TDD random access synchronous channel design 

According to the [1], the Frame structure of approach 1 for EUTRA TDD is shown as figure 1 as following.
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Figure 1　Frame Structure of one pair of switching points between DL and UL traffic timeslot

In figure1, one 10ms radio frame is divided into two 5ms sub-frames. Each sub-frame contains 7 traffic timeslots and 3 special timeslots. The length of three special timeslot DwPTS, GP1 and UpPTS between TS0 and TS1 is 275us. 
DwPTS is the downlink synchronization pilot timeslot which can be used for cell downlink synchronization access. When UE do cell search, downlink synchronization pilot in DwPTS can be searched and get the system synchronization information. Then downlink time synchronization and frequency synchronization can be established.

As a special time duration, UpPTS is the uplink access timeslot which can be used for transmission of uplink synchronization preamble signal. Uplink synchronization preamble signal is transmitted from UE to Node B in this timeslot to achieve uplink synchronization.

GP1 between DwPTS and UpPTS is the protection gap for DL switch to UL. The length of GP1 determines the coverage radius of TDD cell [1]. 

In the [1], the frequency domain design of UpPTS timeslot for the EUTRA TDD non-synchronization has been given in figure 2. In figure 2, the UpPTS is divided into one or more 1.25MHz or 5MHz UpPCH channels in the frequency domain according to system bandwidth. By measuring downlink channel quality, UE can find an UpPCH channel with the best quality according to channel reciprocity of TDD mode, and transmit Preamble code on this channel. In this way probability of collision is reduced and detection performance is improved.
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Figure 2. TDM/FDM option example for coexisting LCR-based frame structure (TDD mode) for optimum coverage scenario and preamble-only transmission in the UpPCH channel
From Figure 1 it can be found that the total length of the three special timeslot DwPTS, GP1 and UpPTS (which are between TS0 and TS1) is 275us. It is assumed that the SCH targeted for cell search occupies 85us in DwPTS, and that GP1 lasts 40us to enable 5Km of coverage, so UpPTS can be as long as 150us. Thus the length of preamble code used for random access is limited. Figure 3 illustrates one example of UpPTS timeslot design, showing preamble code constructed with two uplink LBs.
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Figure 3 time domain design of UpPTS timeslot

In Figure 3, the duration of UpPTS timeslot is 141.67us, consisted of two Preamble codes of 66.67us each and an 8.33us long GP as guard period to match the maximum expected delay spread of the channel.

The duration of Preamble codes in Figure 2 is about 133us, which may not be sufficient for large cells. So the timeslot structure illustrated in Figure 2 mainly applies to small to medium sized cells. Considering the degraded channel quality at the edge of large cells, Preamble codes need to be lengthened to match the of random access capacity with data transfer [10]. For large cellular cells, the frame structure of TDD system shown in Figure 1 can be adjusted accordingly to meet the requirements of up-to-down guard period and uplink random access. Figure 4 shows an example of ETRUA TDD system frame structure adjustment for large coverage.
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Figure 4 an example of ETRUA TDD system frame structure adjustment for large coverage
In Figure 4, it can be found that the guard period GP1 between uplink and downlink timeslot in Figure 1 need to be extended to meet the requirement of large coverage. The method is to combine GP1 with part of the original UpPTS to form a new guard period GP1’. At the same time, to improve cell edge random access performance for large cells, the remaining part of the original UpPTS, together with TS1, forms a new timeslot TS1’. Part of time/frequency resources of TS1’ timeslot constructs UpPCH channel for the UE to transmit random access Preamble code. The random access ability and data transfer capacity are better balanced benefiting from the prolonged UpPCH duration and thus sufficient Preamble code length.
So for EUTRA TDD system, the Preamble code for random access can vary with coverage scenarios. The adoption of variable-length Preamble code can improve system resource utilization and reduce overhead. More detailed method of Preamble code length configuration is FFS.
3 Analysis on the RACH procedure “A” and “B”
At the Cannes meeting, a number of companies supported procedure “A” for non-synchronization random access. RACH procedure “A” is shown in Figure 5.
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Figure 5 RACH procedure “A”
As shown in Figure 5, UE first sends preamble code to Node B, and the chosen preamble code implies a message. The number of preamble codes in one cell needs to be 16~64 to implicitly carry 4~6 bits of information. After receiving preamble sent by UE, Node B will send acknowledge to UE, adjust UE timing and allocate resources needed for further uplink message. Then UE will send L3 and NAS message with the allocated resources.There is also a RACH procedure “B”, shown in figure 6:
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Figure 6 RACH procedure “B”
In the figure 6, The main difference between RACH procedure “A” and “B” is that in case of procedure “A” the UE doesn’t send a separate scheduling request while with the procedure “B” the UE sends a scheduling request in the second step using UL shared data channel before the UL starts transmitting shared data.
For procedure “A”, preamble code in each cell should match the amount of implicit message. During the discussion on the RAN1 email reflector, many companies tend to send 6 bits of information, indicating 64 preamble codes in each cell.
The working assumption of RACH procedure “A” is that preamble signatures space is sufficient. For example, to efficiently support system deployment and ease cell planning, there are 512 groups of preamble codes in UTRA FDD system and 32 groups in UTRA TDD system. Assume 64 preamble codes exist in each group and EUTRA system also use 512/32 groups for FDD/TDD, the total required preamble codes are 32768 and 2048 respectively. These are really big numbers considering the limited preamble sequence duration.
The current candidate codes for preamble are GCL and Zadoff-Chu codes. In the limited preamble sequence duration, both codes can not provide enough preamble codes with acceptable correlation performance. Some measures can be taken to reduce the requirement for large number of preamble codes, such as relax the requirement for code quantity in each cell and code multiplexing between cells e.g. neighboring cells allocates different sub-frames for sending preamble codes. By coordination between cells, e.g. reuse factor of 6~7, preamble number can be dramatically reduced.
4 Consideration on random access for EUTRA TDD 

From Section 3 it can be found that enough preamble codes is essential to meet the requirement of RACH procedure “A”. According to the characteristics of GCL and Zadoff-Chu codes, the longer preamble code sequence, the more codes can be found.
For EUTRA TDD frame structure shown in Figure 1 and 2, the time for UpPCH channel (where preamble codes are transmitted) is limited. For example, the preamble code duration in Figure 3 is 133us. If 32 groups of preamble codes, with 64 codes per group are needed (i.e. 2048 codes in total), neither GCL nor Zadoff-Chu code can provide enough preamble codes for cell radius larger than 5Km.
For TDD system, downlink/uplink traffic ratio can be adjusted by configuring downlink/uplink transmission time. For example, 2 sub-frames/timeslots can be configured for uplink to support asymmetric traffic. Because the number of uplink timeslot is limited, the method of inter-cell preamble code reuse method only makes limited contribution. So inter-cell preamble code reuse method may not be suitable for EUTRA TDD system.
As a conclusion, the RACH procedure “B” is proposed for EUTRA TDD system with frame structure in Figure 1. Detailed procedure is as follows:
· Preamble sequence of two LB’s long can be constructed for structure shown in Figure 3. While N can be approximately 150, 256 preamble codes can be obtained by sequence shifting .etc.
· The 256 codes are divided into 32 groups, 8 codes per group. Each cell is assigned one code group.

· Preamble code can be transmitted in UpPTS timeslot every 5ms.
· To keep maximum commonality with FDD, preamble codes transmitted by UE can also carry information implicitly. Every preamble code can carry 2 bits of random access cause, and further information comes with scheduling request, such as C-RNTI, buffer status, CQI and power headroom.
The non-synchronized random access procedure of EUTRA TDD with frame structure in Figure 1 is as follows:
· UE –> NodeB (preamble only)
· Implicitly indicating 1-2 bits through 8 signatures (shared cause or message size),

· NodeB -> UE (L1/L2 signaling or DL shared channel/CCCH), synchronous

· Sequence id (signature)

· Timing advance

· Resource allocation for scheduling request 

· C-RNTI (if needed  when UE form IDLE TO ACTIVE)

·  Transmit power

· UE –> NodeB (UL shared channel) – DCCH or DTCH
·  scheduling request (Random ID, C-RNTI, buffer status, CQI, power headroom ? Etc. )

· NodeB -> UE 

· Resource allocation

· UE –> NodeB (UL shared channel)– DCCH or DTCH

·  Message: L3 message
By RACH  procedure “B”, system resource efficiency is improved and collision probability is reduced.
5 Conclusion

In this contribution, the RACH procedure “A” and “B” have been analyzed for the LCR based frame structure of EUTRA TDD. For EUTRA TDD with this frame structure, RACH procedure “A” is limited by UpPTS timeslot length and TDD duplex. So RACH procedure “B” is proposed for EUTRA TDD with LCR TDD based frame structure to optimize the non-synchronized random access and improve system performance.
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