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1 Introduction
In the RAN1 #45 meeting in Shanghai, a text proposal on the principle of random access procedure was approved [2]. 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.
2 Analysis of random access procedure

For Random Access procedure, UE need to transmit two parts of data to Node B: one is preamble code, by which Node B can get signature sequence to identify the access-requiring UE and detect collision, and UE can realize synchronization with the system as well as power adjustment; the other is L2 control message.


In [1], two possibilities for the non-synchronized random access procedure are considered: Approach#1 and Approach#2. Approach#1 means one-step non-synchronized random access procedure and Approach#2 is two-steps. 

Comparing with Two-step Random Access, One-step Random Access can realize fast random access and reduce the message interchanging procedure in the air interface. However, at the air interface physical layer, it will normally take 3ms to 5ms for one message interchanging procedure; thus One-step Random Access can not significantly reduce the whole time of random access procedure. 
Meanwhile, One-step Random Access will impact on the detection performance of preamble code。As L2 control message is transmitted together with the preamble code, which will increase the retransmission times of preamble code and impact the performance of detection in low SNR. 
Meanwhile，for one-step method, UE can not obtain uplink synchronization message and the accurate transmitting power; Thus intra-cell and inter-cell interference will be caused.
Although Two-step Random Access need one more message interchanging procedure than One-step case, it occupies less system reserved resource; what’s more, it has a lot of eminent advantages such as accurately receiving L2 control message, mitigating interference and reducing retransmission. So we prefer two-step mode for random access procedure.
3 EUTRA TDD random access synchronous channel design 

Frame structure in section 6.2 in [1] 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.
Figure 2 shows the frequency domain design of UpPTS timeslot. 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
The time domain design of UpPTS (related to the other two special timeslots) is shown in Figure 3.
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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.
4 Preamble design and timing detection
Preamble codes are used by Node B to identify the UE performing random access and to estimate the distance between UE and Node B to set up uplink synchronization. The design of Preamble code should satisfy following requirements:

· Low power de-rating (low CM/PAPR); 

· Good auto-correlation and cross-correlation characteristics
Because single-carrier DFT-S OFDM is used for LTE uplink multiple access, preamble code should also be single-carrier sequence with low CM/PAPR. The CAZAC sequence possesses good auto-correlation and cross-correlation characteristics as many contributions description. So CAZAC sequence can be used for random access preamble code. Here we focus on Zadoff-Chu sequence, and the mathematical expression of Zadoff-Chu sequence is as follows:
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different random access signatures. 
Preamble code can be generated through DFT-s-OFDM or direct time domain method. We prefer DFT-s-OFDM method considering this is the way to generate uplink data so system parameter design can be simplified and implementation complexity can be reduced. Meanwhile, the characteristics of Zadoff-Chu sequence are only slightly affected by DFT-s-OFDM method. Figure 5 shows the generation of Preamble code for the structure of Figure 3.
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Figure 5 The generation structure of preamble code for EUTRA TDD preamble

Figure 5 shows that a 149 samples long Zadoff-Chu sequence is extended to 150 samples, then divided into two equally long segments. Both segments transform into 128-sample sequence after DFT and IDFT. Then two 128-sample sequences concatenate into one 256-sample preamble sequence. Figure 6a and Figure 6b show the auto-correlation and cross-correlation characteristics before and after DFT-s-OFDM transform respectively. Comparing the two figures it can be seen that after DFT-s-OFDM transform the sequence still shows good auto-correlation and cross-correlation characteristics, except for two samples close to the center with self-correlation of about 1/2 of maximum value. Because these two samples are only one sample away from the center (with peak value), random access performance is not impacted.
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There are two methods to detect preamble codes in Node B. One way is frequency domain method, which transforms received sequence to frequency domain then performs detection through frequency-domain correlation. The other way is time domain detection utilizing time-domain correlation.
For the frequency domain detection, the Node B needs to choose multiple shifted time window to perform DFT then correlation; while for time domain detection correlation in a fixed time window will do. So time domain requires less computation. Also from Figure 6, it can be found that the performance of Zadoff-Chu sequence after DFT-s-OFDM is only slightly affected. So the performance of frequency domain and time domain should be similar. Considering computational complexity, time domain detection is preferred.
Figure 7 illustrates the time domain preamble sequence detection algorithm in Node B. The Node B performs time domain correlation between received sequence and local-generated preamble code. If the result is larger than pre-set threshold, a random access sequence matching the local preamble code can be considered found.

[image: image13.emf]Threshold

comparision

Zadoff-Chu sequence after 

DFT-S OFDM transform

Received signal

Signature detector

Figure 7 the time domain preamble sequence detection algorithm for random access
5 Conclusion
In this contribution, for the coexisting LCR TDD based frame structure for EUTRA TDD (we suggest to call it “Legacy Frame Structure”, LFS), the non-synchronized random access procedure is analyzed and two-step method is considered as a more suitable random access method. Meanwhile the random access synchronous channel and preamble code design method are also discussed. 
From the discussion we propose the following for ETRUA TDD system:

· Two-step random access procedure

· Variable-length Preamble code design for different coverage scenarios, reducing system overhead
· Preamble codes constructed from CAZAC Zadoff-Chu sequences through DFT-s-OFDM, consistent with uplink data transfer parameters to reduce implementation complexity

· Time-domain detection method of preamble code in Node B to reduce computational complexity
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Figure 6a auto-correlation and cross-correlation characteristics of Zadoff-Chu sequences before DFT-s-OFDM transform





Figure 6b auto-correlation and cross-correlation characteristics of Zadoff-Chu sequences after DFT-s-OFDM transform








Figure 6a auto-correlation and cross-correlation characteristics of Zadoff-Chu sequences before DFT-s-OFDM transform





Figure 6b auto-correlation and cross-correlation characteristics of Zadoff-Chu sequences after DFT-s-OFDM transform
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