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1 Introduction
Random Access procedure is the first step for the UE to access the system; thus system frequency synchronization and uplink timing synchronization can be realized based on this procedure. During several previous meetings, many companies proposed Cell Search schemes and their processing procedure [2-7]. Based on the property of EUTRA TDD frame structure in the section 6.2 Approach１[1], this document proposes Uplink Random Access procedure and synchronization channel design method which are suitable for this frame structure. Simulation results show that less resource reservation is required when using this scheme; in addition, it is possible to realize quickly and increase successful probability of Random Access, and further reduce collision.  
2 Analysis of random access procedure
For Random Access procedure, UE need 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.

UE can use two methods to transmit the two parts of data: one-step RACH random access and two-step RACH random access.

One-step Random Access is illustrated as figure 2-1.
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Figure2-1 One-step Random Access Procedure

In figure 2-1, when UE is performing random access, at first by RACH channel it will transmit random access message which contains preamble code and L2 control message to Node B; then according to the received information, Node B will execute detection, judgment and decoding L2 control message of; at last, Node B will transmit the access permission control message to the UE. The access permission control message contains UE uplink share data/control resource allocation message or the relevant message to supervise downlink control channel, uplink time alignment message and uplink power adjustment message, etc. In term of these messages, UE will occupy certain shared channel to transmit data or control message.  
Two-step Random Access for non-synchronization is illustrated as figure 2-2.
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Figure2-2 Two-step Random Access Procedure
In figure 2-2, when UE is performing random access, at first by RACH channel it will transmit preamble code to Node B. After receiving signature sequence, Node B will execute collision detection, sequence identification and then it will transmit the control message to the UE. The control message is composed of the received signature sequence，time alignment, power adjustment and uplink resource allocation for L2 control message, etc.
UE will adjust the transmitting time and power according to the control message from Node B, and then transmit L2 control message on the allocated resources to Node B. Based on received L2 control message, Node B will transmit the access permission control message to the UE. The access permission control message is composed of UE uplink share data/control resource allocation message or the relevant message to supervise downlink control channel. In term of these messages, UE will occupy certain shared channel to transmit data or control message.
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 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.
Further comparing with Two-step Random Access, One-step Random Access has some shortages. Firstly, it needs occupying more system reserved resources; secondly, as L2 control message is transmitted together with the preamble code, UE can not obtain uplink synchronization message and the accurate preamble transmitting power; thus intra-cell and inter-cell interference will be caused to other messages; at the same time, inaccurate initial transmitting power will impact the receiving efficiency of L2 control message, and will increase the retransmission times, as a result, the total random access time could be longer. 
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 for EUTRA system, adopting Two-step Random Access is a suitable choice for UE performing random access.

3 EUTRA TDD random access synchronous channel design

Frame structure in section 6.2 in [1] is shown as figure 3-1 below.
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Figure3-１　Frame Structure of one pair of switching points between DL and UL traffic timeslot
In figure 3-1, one 10ms radio frame can be divided to 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]. 

For uplink SC-FDMA multiple access mode in LTE, to ensure the certain UE’s transmitted uplink data not interfered by other UE’s, the arriving time to the NodeB of all UEs’ should be synchronized within Cyclic Prefix period. For EUTRA TDD, an uplink random access procedure is needed when UE access to the system, to guarantee the UE’s uplink synchronization time.
In the frame structure of EUTRA TDD system shown in figure 3-1, UpPTS timeslot is used to construct uplink random access synchronization pilot channel (UpPCH). UpPCH and physical random access channel (PRACH) together can accomplish the uplink random access procedure. Uplink synchronization signature sequence is transmitted on the UpPCH, and then the NodeB distinguishes which UE is doing random access procedure by the received signature sequence and detects collision. As illustrated in fig2-2, PRACH channel is in charge of transmitting L2 control information, which is configured on the uplink timeslots at Node B according to the cell load status. PRACH channel, together with UpPCH channel, will accomplish UE random access procedure. PRACH channel will be multiplexed with other uplink shared channels using FDM or CDM. 
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Figure 3-2 Example of the allocation of UpPCH channel on 5MHz bandwidth
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Figure 3-3 Example of the allocation of UpPCH channel on 20MHz bandwidth
For UpPTS timeslot, the system can allocate different number of UpPCH channels according to the cell’s transmission bandwidth when using SC-FDMA multiple access mode. That means, for a certain cell there may be multiple UpPCH channels, each UpPCH channel is set to a 1.25MHz or 5MHz sub-band within the cell bandwidth. The 1.25MHz bandwidth of UpPCH channel is mainly to satisfy the access capability of UE supporting smaller bandwidth. UE supporting large bandwidth may choose 5MHz bandwidth UpPCH channel to improve the access performance. Figure3- 2 and 3-3 gives the allocation example of UpPCH channels in the UpPTS timeslot [5] when the cell’s transmission bandwidth is 5MHz and 20MHz respectively.
In figure 3-2, 5MHz bandwidth in one UpPTS timeslot can be divided into four 1.25MHz UpPCH channel. In figure 3-3, part 2, 4, 6 and 7 is the UpPCH with 1.25MHz bandwidth and part 1, 3 and 5 is the UpPCH with 5MHz bandwidth. How UpPCHs are deployed in the UpPTS timeslot is broadcasted in the cell. When a UE receives the deployment mode of UpPCH channel, it can select one UpPCH channel to transmit signature sequence randomly according to its own access capability.
Signature sequence transmitted in UpPCH channel can use pseudo-random sequence constructed by DFT-s-OFDM, as shown in figure 3-4 below.
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Figure 3-4 construction of UpPCH channel
In figure3-4, an UpPCH channel is made up of signature sequence and guard time. And signature sequence is made up of SB and LB pseudo-random sequence. DFT-s-OFDM can be used for the construction mode of SB and LB pseudo-random sequence. The length of SB is 33.33us and the length of SB is 66.67us, which are the same as the parameters in TR 25.814 [1].
4 EUTRA TDD Random Access Procedure
Based on the analysis from the above two sections, EUTRA TDD random access procedure is described as follows, and TDD frame structure is illustrated in figure 3-1.
For UE procedure, according to the broadcasting information on UpPTS configuration, a UE performing a random access selects one signature sequence from a set of sequences based on the priority and sends the sequence on the UpPCH channel. The UE transmission timing based on the cell search process，transmission power depends on the UE Downlink Measurement. Because of channel reciprocity of TDD mode, open-loop power control is used [1, 6] according to downlink common pilot signal.
Once the signature sequence has been transmitted through UpPCH channel, the UE monitors the downlink control channel from the Node B. If receiving the appropriate response ACK on it, the UE performs uplink timing alignment, transmitting power adjustment. Then, UE send the L2 control massage to Node B in PRACH channel, the resource allocation of PRACH channel based on the response information of Node B. If the UE does not receive a response from the Node B within a certain time interval, and it is under the cap of maximum retransmission times, a new random access attempt can be performed after a random back-off time. The same UpPCH channel for last transmission can be used; also different channels can be used instead.
For Node B procedure, after Node B received signature sequence, uplink synchronization procedure is illustrated in Figure4-1.
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Figure 4-1 Random Processing Procedure at Node B
First, UE sends signature sequence in UpPCH channel to Node B, and Node B matches the received signature sequence code with a group of pseudo-random signature sequence codes (there exists multiple signature sequence codes for simultaneous random access of multiple UEs) to judge with signature sequence code the UE is sending.

After the signature sequence code used by the UE is identified, the Node B interpolates the received signals to obtain the uplink synchronization offset which can be sent to the UE to adjust its timing.

The last step is signature sequence detection. If more than one UEs use identical signature sequence code for random access at the same time, collision occurs. If the Node B detects collision, collision processing procedure is activated.
If Node B grants the UE to access, it will transmit the response on the control channel to the UE. The response information contains uplink timing alignment, transmitting power adjustment and transmission resource allocation. When Node B received the L2 control message in the PRACH channel, it will send resource allocation massage to UE for the UL/DL shared channel.  
5 Signature Sequence Performance Analysis 

For EUTRA TDD system, random access procedure is the first step for UE to start communication. UE can realize uplink synchronization during random access procedure. Time difference among the arriving uplink signals from all UEs is smaller than the length of CP. Node B can execute UE detection and timing alignment to realize synchronization procedure by the signature sequence transmitting from UE. For uplink synchronization performance, the key issues are Correct Detection Probability and Collision Detection Probability. Correct Detection Probability is the probability that in the same cell, when multiple UEs transmit signature sequence at the same time during Uplink Random Access procedure, Node B can correctly detect the signature sequence from each UE.

Further, Node B can realize Signature Sequence Collision Detection. When two or more UEs randomly send the same signature sequence, Node B has the capability to correctly detect this situation and performs corresponding processing.

Performance simulation has been done focus on the signature sequence on UpPCH channel as in fig3-4. The signature sequence is generated by pseudo sequence which has relatively good self-correlation and cross-correlation. Simulation assumption for Correct Detection is shown in Table 1. In table 1, Node B receives signature sequence codes from 1, 2, 4, 8 UEs at the same time, and the received power level is the same for each signature sequence code in Node B, but signature sequence is different for each UE. 
Table1 Random access procedure simulation assumptions

	Parameter
	Assumption

	Channel Model
	AWGN, TU(6 paths，Mobility 120 km/h)

	Antenna Configuration
	1

	Uplink Synchronization code
	1,2,4,8 different Uplink Synchronization codes

	Uplink Synchronization Phase Shift
	Random

	Power
	Same(at the antenna connector)

	Arrival of Time
	Random（25us）

	UpPCH Channel bandwidth
	1.25MHz

	Length of Signature sequence
	192 samples
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Figure 5-1&5-2 show the success probability to detect signature sequence at the Node B, when 1,2,4,8 different UEs use different signature sequences with 192 samples length on the 1.25MHz bandwidth. From the simulation results, good detection performance can be achieved when using random sequence design as in Figure 3-4. For AWGN channel, at 0dB, the detected probability is 100％ for one user and two users; and for four users and eight users, the detected probability are 91％ and 32％ respectively. For TU channel, at 0dB, the detected probability are 93％ and 48％ respectively for one use and four uses.
Figure 5-1 AWGN channel, Detected probability at Node B for different number of UEs
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Figure5-2 TU channel, Detected probability at Node B for different number of UEs
Further, the detection probability at the Node B is considered when different UEs use the same signature sequences. If the collision detected probability is relatively low, the performance of Random access procedure is influenced. Simulation assumptions for collision detection are listed in Table 2.

Table2 Collision Detection Simulation Assumptions

	Parameter
	Assumption

	Channel Model
	AWGN，TU(6 paths，Mobility 120 km/h)

	Antenna Configuration
	1

	Uplink Synchronization code
	2 same Uplink Synchronization codes

	Uplink Synchronization Phase Shift
	Random

	Power
	Same(at the antenna connector)

	Time of Arrival 
	Random with 5 samples interval (at the antenna connector)

	UpPCH Channel bandwidth
	1.25MHz


For AWGN channel, Table 3 gives the successful probability of collision detection under different received SNR of signature sequence. At 0dB, the probability of successful collision detection is 100%, showing very good performance for the signature sequence.

Table 3 AWGN channel, successful Collision Detection Probability  
	SNR（dB）
	User 1 successful detection probability (%) 
	User 2 successful detection probability (%)

	－10
	99.50
	99.50

	0
	100
	100

	10
	100
	100

	20
	100
	100


For TU channel, Table 4 gives the probability of successful collision detection under different received SNR of signature sequence. At 0 dB, the successful probability of collision detection is about 73%, and this performance is fairly good. Considering there are one UpPTS time slot every 5ms, and multiple UpPCH channels can be configured in one UpPTS time slot according to system bandwidth, the probability of collision between two users is very low.
Table 4 TU channel, successful Collision Detection Probability
	Snr（dB）
	User 1 successful detection Probability (%)
	User 2 successful detection Probability (%)

	－10
	58.4
	58.4

	0
	73.6
	73.6

	10
	72.2
	72.2

	20
	73.4
	73.4


The above simulation results are all based on the 1.25MHz bandwidth. When adopting 5MHz bandwidth, better performance can be achieved. From the simulation results above, when using random sequence design as in Figure 3-4, good performance can be achieved on the detected probability and the detected collision probability. Even at low SNR, successful detection and collision detection can be still realized. 
6 Conclusion
In this contribution, based on the special timeslot UpPTS characteristic of EUTRA TDD Uplink Access, we design the random access procedure and UpPCH configuration for EUTRA TDD. The simulation result shows that fast random access and short latency can be realized when using this new designed scheme. In addition, this scheme can greatly reduce the probability of signature sequence collision and thus improve the probability of successful random access. With the designed signature sequence, UpPCH channel can achieve good performance on Correct Detection and Collision Detection; as a result, the requirements for EUTRA TDD Random Access can be met.
Text proposal for TR 25.814

---------------------------------Start of Text Proposal--------------------------------------------
9.1.2.1
Random access procedure

The random access procedure is at least used when the UE uplink has not been time synchronized and shall allow the Node B to estimate, and, if needed, adjust the UE transmission timing to within a fraction of the cyclic prefix. The random access burst consists of at least a signature sequence. Inclusion of additional data symbols is FFS.

Random access and data transmission are time and/or frequency multiplexed.
For E-UTRA TDD, a frame structure is supported with the intention of providing co-existence with LCR UTRA TDD described in section 6.2.1.1. The Random access procedure for this frame structure is described as follows.

In the frame structure of EUTRA TDD system shown in figure 6.2.1.1-1, two-step method for non-synchronized random access procedure is used in E-UTRA TDD system shown as Figure 9.1.2.1.1. The random access channels consist of two types of channels: UpPCH (Random access synchronization pilot channel) and PRACH (Physical random access channel). UpPCH is constructed in UpPTS timeslot and PRACH is constructed in Uplink traffic timeslot (e.g. TS1 timeslot). 
At first, UE sends the preamble code (signature sequence) to Node B on the UpPCH. Node B receives the preamble code and distinguishes which UE is doing random access procedure by the received signature sequence. And then Node B will send the control messages to UE. The control messages may be composed of the received signature sequence，timing information, power adjustment and uplink resource allocation for L2 control message and so on, which is FFS.
After UE receives the control messages together with timing and power information from Node B, it sends the L2 control messages on the PRACH channel in uplink traffic timeslot. The allocation of PRACH is broadcasted in the system information. PRACH channel can be multiplexed with other shared uplink channels using FDM or CDM.
Based on received uplink L2 control message on PRACH, Node B will transmit the access admission control message to the UE. The access admission control message is composed of UE uplink share data/control resource allocation message or the relevant message to supervise downlink control channel. In term of these messages, UE will occupy certain shared channel to transmit data or control message.
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Figure 9.1.2.1.1 Two steps for non-synchronized access for LCR-based EUTRA TDD
For UpPTS timeslot, the system can allocate different number of UpPCH channels according to the cell’s transmission bandwidth. Each UpPCH channel is set to a 1.25MHz or 5MHz sub-band within the cell’s transmission bandwidth. The 1.25MHz bandwidth of UpPCH channel is mainly to satisfy the access capability of UE supporting smaller bandwidth. UE supporting larger bandwidth may choose 5MHz bandwidth UpPCH channel to improve the access performance. An allocation example of UpPCH channels in the UpPTS timeslot when the cell’s transmission bandwidth is 20MHz is shown in figure 9.1.2.1.2. 
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Figure 9.1.2.1.2 Example of the allocation of UpPCH channel on 20MHz bandwidth
The information of UpPCHs deployment of the UpPTS timeslot in the cell is broadcasted on the BCH channel. According to the deployment information, UE can select one UpPCH channel to transmit signature sequence randomly according to its own access capability.
---------------------------------End of Text Proposal---------------------------------------------
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