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1. Introduction

In RAN2#56-bis, it was agreed that the 6 implicit bits associated with a signature will be used to carry a random ID and possibly 1 bit of other information [1].  However, there have been several proposals to support dedicated signatures that may be allocated to UEs for specific purpose (e.g. handover) [2]-[10].  This contribution summarizes the different proposals and provides some discussion on overhead/latency benefits of dedicated signatures.
2. Dedicated Signatures
In non-synchronized random access, 64 signatures are always available per access channel. In addition, multiple random access channels may be defined within one access period in order to provide sufficient number of random access opportunities.  Thus, the available total number of signatures in a cell may be substantially larger.  It was decided that possibly 1 bit of other information may be carried with remaining bits serving as random ID.  However, several proposals have been made to allocate subset of signatures for dedicated uses including –

· Handover – In [2]-[4], dedicated signatures allocated by the target eNB were proposed during handover to minimize latency and avoid contention.  Basically, if at the time of handover timing information is not available to the UE, then contention-free access using non-synchronized random access channel can be used.  In this case target eNodeB assigns in advance to the UE specific combination of access signature and channel to use for its initial transmission.

· Uplink Synchronization – In [5][6], dedicated signatures were proposed as a method to either maintain or recover uplink synchronization.  In [5], one approach to timing maintenance is to use non-synchronized random access signature to provide timing information.  In this case, however, signatures are reserved for this purpose and UEs are scheduled by the Node B to transmit the signatures at a specific time.  As a result, there is no contention in the signature transmission and Node B can identify each UE by the timing and signature used.  This option can be complementary to using uplink sounding channel which may not be able to support a large number of users.  
· E-MBMS User Detection – In [8], L1 user detection procedure was proposed where users interested in upcoming E-MBMS service transmit their response using a common signature in non-synchronized random access.  Since the network only needs to know whether service should be deployed in this cell, UE-specific information is not necessary.  In this case, a dedicated signature is allocated to a specific MBMS service and the eNB receives an indication whether any user in the cell is interested in this service.  Note that some energy aggregation may be performed to further gauge the approximately number of responses. To provide user detection for multiple services, several signatures may be reserved or the responses may be staggered in time.
· E-MBMS Feedback – Similar to the E-MBMS user detection scheme proposed in [8], for UEs in RRC_IDLE mode, NACK feedback can also be provided using non-synchronized random access.  In this case, one signature per service can be reserved for feedback.  Responses from multiple UEs are transmitted using the common signature in a predefined random access region.  In addition to providing the eNB with a NACK indication, some energy aggregation may be performed to further gauge the approximately number of NACK responses. 
· Scheduling Request Indicator – In RAN1#47-bis, it was agreed that scheduling request will be transmitted in a contention-free manner.  However, the exact mechanism for this transmission has not been decided.  In [10], it was proposed to use an existing physical layer channel (e.g. CQI) for this purpose.  However, for UEs that do not have to transmit uplink control signalling, a subset of signature sequences can be exclusively reserved for scheduling request purposes.  Each UE is then assigned a reserved sequence at a specific time to be used as a scheduling request indicator.
Table 1 lists the different signature types being proposed for the non-synchronized random access channel.   In this case, three different types of signatures have been proposed to be constructed from all the available signatures.  They include (1) random signatures with carrying at least 1 bit of other information; (2) specific purpose dedicated signatures pre-allocated to UEs; and (3) dedicated signatures for a specific purpose but shared among all UEs.
Table 1.  Different proposed signature types.

	Signature Type
	Explanation

	Random
	A number of signatures are available for contention-based access to the network.  Usage examples include initial access and scheduling requests. One bit of information may be contained in the signature. Only non-synchronized UEs may use these signatures.

	Dedicated and pre-allocated to UEs
	A number of signatures are reserved for a specific purpose and allocated to UEs for contention-free access.  Usage examples include handover, timing maintenance, and scheduling requests.  Both non-synchronized and synchronized UEs may be allocated these signatures.

	Dedicated but shared among UEs
	A number of signatures are reserved for a specific common purpose but not allocated to UEs.  Usage examples include E-MBMS user detection and NACK feedback where UE-specific information is not needed and contention is not an issue. Both non-synchronized and synchronized UEs may use these signatures.


3. Overhead
In [11], an overhead analysis for random access was performed for a 10 MHz system using the busy hour traffic model provided in [12].  The analysis, when comparing access using dedicated signatures to the pure random access, showed that the dedicated signatures are much more efficient – even with the necessary over-provisioning of the dedicated resources necessary to handle error scenarios. This can be expected 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.  Examples are handover and potentially uplink synchronization maintenance. Among others, benefits include reduction in RACH overhead, since portion of random accesses are handled more efficiently through scheduled dedicated signature mechanisms, and also reduced latency, since dedicated signature access inherently does not suffer collisions.  
Several proposals have also been presented that allow non-synchronized random access usage in a non-traditional manner. Examples include E-MBMS user detection and common feedback. In these cases, benefits of using the random access channel and dedicated signatures are low overhead and the ability to provide one mechanism for both idle and connected users. 
4. Conclusion

In this contribution, a summary of different proposals for dedicated signatures is provided.  It is recommended that –
· A subset of available signatures can be used as dedicated 
· These dedicated signatures, based on intended use, can be individually assigned to a UE (e.g. handover), or shared among UEs (e.g. MBMS feedback).
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