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1 Introduction
In the RAN1 #44bis meeting in Athens, a joint text proposal on the principle of random access procedure has been approved [1, 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] has been discussed.
2 The frame structure of EUTRA TDD 

Frame structure in section 6.2 in [1] is shown as figure 1 as following.
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Figure１　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.
As mention in [1] and [2], “For co-existing LCR-TDD based frame structure (Figure1), random access time/frequency resources is illustrated in Figure 2, where physical random access channel and UpPCH channels are used for L1 random access procedure.”
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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
As shown in figure 2, UpPTS timeslot which is used to construct uplink random access synchronization pilot channel (UpPCH) which can allocate different number of UpPCH channels according to the cell’s transmission bandwidth. It is said in [1] that “the minimum bandwidth, BWRA, allocated for non-synchronized random access transmission is 1.25 MHz, for system bandwidths larger than 1.25 MHz, either the random access transmission uses a larger bandwidth, or multiple random access channels are defined”. So, we think that each UpPCH channel can be allocated 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 and 5MHz bandwidth UpPCH channel can also be provided for larger system bandwidths.
In figure 2, UpPCH and physical random access channel (PRACH) together can accomplish the uplink random access procedure. Uplink synchronization signature sequence (Preamble code) is transmitted on the UpPCH, and then the Node B detects which UE want to access Node B by the received Preamble codes. 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.
3 Non-synchronized random access procedure for EUTRA TDD
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. We prefer to use Approach#2 for coexisting LCR TDD based frame structure. The reasons are list as following:

· 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;

· One-step method occupy more reserved resources than two-steps method;

· For one-step method, as L2 control message is transmitted together with the preamble code, information transmission in absence of uplink timing alignment is less efficient than time-synchronized transmission. This may have an impact on the size of the payload that can be tolerated along with the preamble. UE can not obtain uplink synchronization message and the accurate transmitting power; thus intra-cell and inter-cell interference will be caused,;

· For one-step method, inaccurate initial transmitting time will impact the receiving efficiency of L2 control message, and will increase the retransmission times;

· For the coexisting LCR TDD based frame structure，the UpPTS time slot is dedicated for transfer of preamble code with limited length, thus can not carry additional L2 control massage; 
· For the coexisting LCR TDD based frame structure, when system bandwidth is relatively large, UpPTS time slot can be divided into one or more UpPCH channels in the frequency domain. If using two-step method，TDD systems can choose the UpPCH channel with the best channel quality, based on channel reciprocity, transmitting preamble code to reduce probability of collision and increase successful access probability. This scheme is equivalent to frequency domain scheduling. But for on-step method, this advantageous scheme can not be used. 
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.

[image: image3.emf] 

UE Node-B

Access Preamble

Timing information and SR Resource Allocation

Scheduling Request

Uplink Data Resource Allocation 

Uplink Data 

Transmission


Figure 3. Approach#2, Non-Synchronized Access
Figure 3 is the flow chart of the two-step access procedure captured in [1]. For the coexisting LCR TDD based frame structure, the random access procedure is described as following: 
· At first, according to the allocations of UpPCH, UE selects an UpPCH to send the preamble code. 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 preamble code，timing information, power adjustment and uplink resource allocation for L2 control message and so on, which needs 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.
4 Analyzing for preamble size
In the Athens meeting, there are intense discussions on the preamble size by many companies and different views on preamble size have been proposed [3-8]. Comparing the results in the [4] and [5], the preamble size has been individually provided as 400us and 50us according to the different assumptions, such as minimum uplink data rate, Ep/N0, and Eb/N0. 
In this section, we will discuss the preamble size for LTE TDD, with coexisting LCR TDD based frame structure. The assumptions of the analysis are as following:
· UpPCH for preamble is 1.25 MHz; 

· Ep/No (energy per sequence over noise) of 16 dB is required for preamble (1% FA, 1% MD); 

· Target Eb/N0 is 3 dB ;
· TDM/FDM random access;
· A minimum of QPSK R=1/3 rate is applied to UL-SCH;

For coexisting LCR TDD based frame structure, preamble code is transferred through UpPCH, as shown in figure 2. The length of Preamble code is determined by minimum sensitivity of UL-SCH, and following relationship with data rate exists:［4,5］
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It is stated in document [4] that, the minimum data rate supported by LTE within one 375kHz RB should be 64kbps, i.e. the spectrum efficiency at cell edge is about 0.17 bits/s/Hz. However, we consider the data rate of 64 kbps is somehow too low, because LTE is required to achieve uplink spectrum efficiency 2~3 times that of Release 6. From previous discussion about interference coordination, cell edge UEs with soft frequency re-use and interference management can fulfill this requirement. So we can assume the minimum uplink data rate is 200kbps with a spectrum efficiency  of 0.5 bits/s/Hz, corresponding to QPSK modulation and R=1/3 coding rate for a 375kHz RB.
From equation (1) we can see that, in order to satisfy the UL-SCH minimum sensitivity, the length of preamble code, Tp, will be about 100us.
In Figure 1, the length of UpPTS is 125us, so for coexisting LCR TDD based frame structure system, UE can use UpPCH channel to transmit preamble code to Node B. The length of preamble code can be set as L=125us to satisfy the requirements of typical deployment scenario of LTE system. 
For larger cell coverage, e.g. 30km or 100km cell radius, the data rate at cell edge can be smaller. For TDD systems in these scenarios, besides higher Node B antenna, larger UE transmit power and wider bandwidth for UpPCH, other measures as longer Preamble codes could be taken to guarantee access probability. Also guard period between downlink and uplink time slots should be longer. 
5 Preamble design 

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 GCL sequence possesses good auto-correlation and cross-correlation characteristics i.e. when the shift of a GCL sequence is smaller than its shift limit, its auto-correlation is zero; while when the relative shift between two GCL sequences is smaller than the shift limit, the cross-correlation is zero too. The shift limit is determined by the type and construction of GCL sequence. For present time, GCL sequence can be seen as a good candidate for the preamble code.
There are one set of preamble codes for each cell. When a UE performs random access, it picks a suitable code from the preamble codes set of the cell and transmits it to the Node B. Different preamble codes in the set maintains good auto-correlation and cross-correlation properties. Meanwhile, for synchronous TDD system, different preamble code sets are used for different cell, and the preamble codes within different sets should also have good cross-correlation property to minimize interference to adjacent cells.
The Node B doesn’t know when the preamble code sent by UE will arrive. So time domain detection is more convenient and straight-forward, while frequency domain detection will increase computational complexity.
6 Conclusion
In this contribution, for the coexisting LCR TDD based frame structure for EUTRA TDD, the non-synchronized random access procedure is analyzed and two-step method is considered as a more suitable random access method. Meanwhile the preamble code size and design method are also discussed, and detailed parameters are given.
Text proposal for TR 25.814

---------------------------------Start of Text Proposal--------------------------------------------
9.1.2.1.1.1
Time Frequency Structure 

……
The minimum bandwidth, BWRA, allocated for non-synchronized random access transmission is 1.25 MHz. For system bandwidths larger than 1.25 MHz, either the random access transmission uses a larger bandwidth, or multiple random access channels are defined.  Multiple 1.25MHz random access channels might be especially useful for selecting a best block using frequency selective channel characteristics (TDD mode).  BWRA of less than 1.25 MHz (e.g. BW of the uplink resource unit = 375 KHz) for non-synchronized access is FFS.
For co-existing LCR-TDD based frame structure, UpPTS timeslot can allocate different number of UpPCH channels according to the cell’s transmission bandwidth, such as Figure 9.1.2.1.1.1-2. Each UpPCH channel can be allocated to a 1.25MHz or 5MHz sub-band within the cell bandwidth.
The length of the non-synchronized random access burst, TRA, is less than (multiples of) sub-frames (e.g. 0.5 ms) to allow the burst, and the required guard time to account for the uplink timing uncertainty and the propagation loss, to fit within a subframe (or multiples thereof).  The random access burst length can be adjusted (e.g. on a cell basis depending on the cell size) to optimize the overhead/latency versus coverage requirements trade-off.  It is FFS on how this adjustment is made (e.g. static, semi-static, dynamic).

For co-existing LCR-TDD based frame structure, TRA is less than 0.8 ms for optimum coverage (combining UpPTS (0.125ms) special timeslot and TS1 (0.675ms) timeslot) to allow the burst, and the required guard time to account for the uplink timing uncertainty, to fit within a 0.8ms. Longer TRA may be needed for large cells. Preamble code is transmitted on the UpPCH in UpPTS timeslot, and physical random access channel (PRACH ) channel is in charge of transmitting L2 control information.
……
9.1.2.1.1.3
Non-synchronized random access procedure
Prior to attempting a non-synchronized random access, the UE shall synchronize to the downlink transmission.
Two possibilities for the random access procedure are considered:

· Approach#1: Figure 9.1.2.1.1.3-1 outlines this approach, where the Node B responds to the non-synchronized random access attempt with timing information to adjust the uplink transmission timing and an assignment of uplink resources to be used for transmission of data or control signalling (possibly including any message payload (e.g. UE ID) not included in the preamble) using the shared data channel.  It may be noted that the timing information can also be combined with the uplink data resource allocation.  Furthermore, the uplink data resource allocation may be implicitly indicated by associating a reserved time frequency region with a preamble sequence.  
· Approach#2: Figure 9.1.2.1.1.3-2 outlines this approach, where the Node B responds to the non-synchronized random access attempt preamble with timing information and resource allocation for transmission of scheduling request (and possibly any additional control signalling or data). UE then sends the scheduling request at the assigned time-frequency resource using the shared data channel or physical random access channel (for co-existing LCR-TDD based frame structure).  The Node B adjusts the resource allocation according to the scheduling request from the UE.
 For the co-existing LCR-TDD based frame structure, Approach#2 is used for non-synchronization random access.
---------------------------------End of Text Proposal---------------------------------------------
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