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1. Introduction

To efficiently utilize unpaired spectrum across the world it is proposed to align FDD and TDD as much as possible [1]. This contribution discusses additional issues with respect to non-synchronized random access for E-UTRA generic TDD frame structure.
2. Non-Synchronized Random Access
Non-synchronized access is used when the UE uplink has not been time synchronized in the uplink.  This channel may, for example, be used to request initial access, handoff procedure, transition from idle to connected state, and re-establish uplink synchronization. To ensure low latency, random access procedure must be designed such that the control plane latency requirement of less than 100 ms specified in [1] is achieved.  Figure 1 illustrates a non-synchronized random access structure for both FDD and TDD system.   In the figure, random access occupies a bandwidth of BWRA MHz 6 RBs and its length is a multiple of 1ms subframe.  Multiple frequency regions (i.e. physical random access channels or PRACHs) may be defined within one access period in order to provide sufficient number of random access opportunities.  Note that data transmission may also be scheduled in the random access region at the discretion of the scheduler.  In addition, this access period occurs periodically according to the parameter TRA-REP, which may be selected based on expected random access load together with control plane latency requirement and overhead consideration.  For both FDD and TDD, BWRA is 1.08 MHz  (6 RBs) and the frequency regions for random access along with TRA-REP are conveyed over P-BCH.
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Figure 1.  Non-synchronized random access.
In FDD system, the PRACH is selected randomly along with a signature to minimize the collision probability.  However, in TDD systems, UE has information about the current frequency selective characteristics of the channel (e.g. using DL RS signal) and thus may intelligently select a particular PRACH for sending its random access preamble.  In this way the UE may gain several dB of additional link margin. However, to maintain low collision, a probability factor may be introduced where the UE selects the best PRACH channel according to some probability.
3. Random Access Preamble
For the generic frame structure, random access occupies a bandwidth of 1.08 MHz (6 RBs) and its length is a multiple of 1ms TTI.  The preamble burst structure is shown in Figure 2 with TPRE of 800s, TCP of 102.6s and TGT of 97.4s.  Note that the cyclic prefix accounts for both the maximum round trip delay and the channel delay spread.  In this case, this cyclic prefix length corresponds to a supported cell radius of approximately 14.6 km.  However, E-UTRA requirements dictate that up to 100 km cell should be supported.   This contribution evaluates different preamble structures required to support up to 100 km cell size.
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Figure 2.  Random access preamble structure.
Two extended structures are considered for large cells as shown in Figure 3, where n is the number of 1.0ms subframe to be used for random access.  In the first structure, the preamble is repeated to provide for more received energy at the cost of guard time and cyclic prefix length.  In the second structure, the preamble length remains the same as the normal structure thus allowing for maximum increase in guard time and cyclic prefix length.  
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Figure 3.  Extended preamble burst structure (n=2 shown) – (a) preamble is repeated and (b) preamble is not repeated. 

To provide support for large cells, the guard time and cyclic prefix must be extended to accommodate the maximum round trip delay.  Approximately 6.7 (s of guard time per kilometer is required so to support up to 100 km cell size the guard time must be in the range of 670 (s.   The normal burst structure contains a cyclic prefix of length 102.6s which provides a well-balanced supported cell size of 14 km both from a round trip delay and link budget analysis perspective [2].
4. Preamble Generation

The random access preambles are generated from Zadoff-Chu sequences with zero correlation zone, ZC-ZCZ, generated from one or several root Zadoff-Chu sequences as per [1].
5. Non-Synchronized Random Access Procedure 
Figure 4 provides the call flow diagram for the random access procedure.  The access procedure should be identical for TDD and FDD with one exception.  For TDD, UE selects a PRACH (if multiple PRACHs are available) based on the frequency selective characteristics of the channel and a probability factor instead of random selection in case of FDD.  Next, it selects a random preamble from the set of available preambles.  The mobile determines the initial power setting using open-loop power control and then transmits the preamble.
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Figure 4.  Random access procedure.

6. Conclusions
In this contribution, TDD specific aspects for random access channel are summarized.  It is suggested to take advantage of the frequency selectivity of the channel to improve the random access performance in a TDD system.
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