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1. Introduction

Although there is no agreement on the use of dedicated signatures, there have been several proposals to support dedicated signatures that may be pre-allocated for specific purpose (e.g. handover or uplink synchronization maintenance) [1].    When comparing access using dedicated signatures to the pure random access, dedicated signatures are much more efficient since the resources originally reserved for inefficient random access are now accessed in a scheduled manner.  As a result, dedicated signatures allocated to the UEs should be preferred over pure non-synchronized random access and used whenever it is possible to do so.  This contribution briefly discusses several design issues related to supporting dedicated signatures including access procedure, signature management, and signature assignment.
2. Random Access Procedure
In Figure 1, the agreed random access procedure is shown.  In this procedure, multiple steps must be used since only the preamble can be initially transmitted by the UE.  As a result, the network must take measures to acquire information about the UE (e.g. UE identifier and access cause) and resolve any collision.  However, with dedicated access a UE is assigned a dedicated signature, PRACH channel, and allowed time to access the system.  Thus, the eNB has knowledge of the UE and its access cause when dedicated signatures are detected and messages 3 & 4 are no longer needed.   As a result, the random access procedure can be significantly simplified.
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Figure 1.  Non-synchronized random access procedure.
For dedicated access a UE is assigned a dedicated signature, PRACH channel, and allowed time to access the system (e.g. next four random access time slots).  The UE then follows the regular physical layer access procedure using open-loop power control to transmit its preamble.  Upon detection of the signature, the eNB can transmit an appropriate response addressing the UE directly based on its access cause.  For instance, if the UE is transmitting the preamble for the purpose of synchronization maintenance, then only the timing advance command is sent using L1/L2 control signalling.  On the other hand, if the UE is performing handover, then the response can include timing advance command plus other signalling message required for connection establishment.  This means that the response is sent on the DL-SCH with an associated scheduling grant.  In this case, H-ARQ can be supported.
It is therefore propose that for dedicated access only messages 1 and 2 are used.  Naturally, message 2 should be addressed to the C-RNTI instead of the RA-RNTI with its content directly based on the access cause.  In addition, H-ARQ may be supported for message 2 if DL-SCH is used.
3. Signature Management
In non-synchronized random access, multiple random access channels may be defined within one access time slot in order to provide sufficient number of random access opportunities.  There are therefore two possibilities for supporting dedicated and non-dedicated signatures [3] – 
· Dedicated and non-dedicated signatures share the same resource – In this case, every PRACH channel will contain both types of signatures. In each channel, the set of available signatures are partitioned into dedicated and non-dedicated signatures with this information transmitted on the system information. This allows for dedicated and non-dedicated signature space to be sized appropriately based on, for example, the expected random access load.   Naturally, this partitioning may be changed on a semi-static manner in response to changes in the system.  If, for example, more dedicated signatures are needed, then either they must be taken from the non-dedicated space or an additional PRACH channel containing both signature types must be added.
· Dedicated and non-dedicated signatures use separate resource – In this case, dedicated and non-dedicated signatures will use different resources (either different PRACH channels or different random access time slot).  With this approach, available signatures per channel are always available for either dedicated or non-dedicated access.  This allows only one type of signatures to be added as needed.  For instance, more dedicated resource can be added to handle the additional handover requests during peak hours.  However, signatures must be added in group which may lead to unnecessary overhead increase.  Also note that for the smallest system bandwidth of 6 resource blocks, the two signature types can only be separated in time which may introduce additional delay. 
From the resource provisioning perspective, using the same resource for both dedicated and non-dedicated signatures is preferred.  This is because finer adjustment can be made to size the two signature spaces according to their respective requirements.  In addition, with appropriate adjustment in the size of the two signature spaces, it’s possible to increase the size of one type of signatures while keeping the size of other relatively constant.  Although this requires an update to the system information, in general these readjustments are expected to be done on a semi-static manner and therefore should not be a problem.
4. Dedicated Signature Mapping
As previously discussed, the available signature set may be partitioned into dedicated and non-dedicated sets. These signatures are generated from a set of root Zadoff-Chu sequences where each root sequence can generate a number of signatures based on the cyclic shift length.    For instance, if each root sequence can generate 16 signatures, 4 different root sequences are needed to generate 64 signatures.  Note that for the generic frame structure, 64 preambles are always available per PRACH channel whereas for the alternate frame structure compatible with LCD-TDD system, only 16 preambles are available per PRACH channel.  Also, the choice of cyclic shift length is dependent on the cell size to be supported.  Due to the properties of the Zadoff-Chu sequence, signatures from the same root sequence are orthogonal while signatures from different root sequences are not orthogonal but do exhibit low cross-correlation.  Thus, within the available signature space, it is possible to construct a subset of signatures that will be orthogonal.
For random signatures, the mapping of signature index to actual sequence is not crucial since signature selection is performed in a random manner.  However, for dedicated signatures, the signature space should be selected as much as possible from the same root Zadoff-Chu sequence to minimize interference.  This is especially important since utilization of dedicated signatures is expected to be high with power imbalances due to open-loop power control.   

5. System Information
To allow random access, the following information should be transmitted on the system information –
· Random access channel parameters (number, frequency position, time period, and timing offset) 

· Available preamble formats and preamble sequence set. Available root Zadoff-Chu (ZC) sequence indices. 

· Initial preamble transmission power 

· Power ramping step size (note 0 dB step size is allowed) 

· Maximum number of preamble retransmissions
With dedicated signatures, additional information is required to distinguish dedicated from non-dedicated signatures.  In practice, a simple parameter n can be transmitted where signatures 1 to n are reserved for dedicated use, and the remaining signatures may be used in a non-dedicated manner.
6. Conclusion

In this contribution, several issues related to supporting dedicated signatures including access procedure, signature management and assignment are discussed.  It is proposed that –
· A simplified random access procedure consisting of preamble transmission and response is used.  The response should address the C-RNTI and be based on the access cause. 
· Dedicated and non-dedicated signatures share the same time/frequency resource.  The system information block contains information regarding the partitioning of the signatures for dedicated and non-dedicated use.  This partitioning may be changed on a semi-static basis.
· Dedicated signatures should be selected as much as possible from the same root Zadoff-Chu sequence to minimize interference.
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