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1. Introduction

While good progress was achieved in RAN1#47 regarding non-synchronized random access designs and L1 procedure, several important issues remain unresolved.  This contribution discusses some of the remaining issues and provides recommendations to further progress work in this topic.  
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.  Random access occupies a bandwidth of 1.08 MHz (6 RBs) and its length is a multiple of 1ms TTI.  Multiple frequency regions may be defined within one access period in order to provide sufficient number of random access opportunities.  Figure 1 provides a working assumption of the call flow diagram for the random access procedure. 
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Figure 1.  Random access procedure.
3. Discussion
Several issues remain open for discussion, including
1. Random access burst structure: In [2], the 1.0ms random access structure was agreed as shown in Figure 2 with TCP of 100s, preamble length of 800s, and TGP of 100s.  In [3], an improved design was proposed with TCP of 102.6s and TGP of 97.4s which slightly extend the supportable cell radius to 14.61 km.
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Figure 2.  Non-synchronized random access burst structure.
2. Preamble structure for high-mobility scenario: In RAN1#47, it was shown that the false alarm performance degradation is significant for high-mobility UEs when the 1ms preamble structure is used.  As a result, an alternative structure was proposed where repetition of 0.4ms preamble (2×0.4ms) is used to construct the 0.8ms preamble as shown in Figure 3.  This is in addition to the agreed repetition of the 1ms preamble structure to support large cell.  Based on the performance results shown, it seems that this structure is necessary for high-mobility scenarios.  Therefore, it is proposed that an additional preamble structure be adopted.  However, only one preamble format should be used within a cell to avoid the need for the eNB to simultaneously detect two preamble formats.  This format selection should be made by the network during the cell planning stage in order to co-ordinate sequence usage among the different cells.  The proposed available preamble formats are shown in Table 1 where only one format is used per cell.  This format information is transmitted to the UEs as part of the System Information (e.g. using P-BCH/S-BCH).  
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Figure 3.  Non-synchronized random access burst structure – high mobility.
Table 1.  Proposed preamble formats for non-synchronized random access.

	Preamble

Format
	Cell Size
	TTI

(ms)
	TCP
(s)
	TGP

(s)
	TPREAMBLE
 (s)
	Sequence

Length
	Mobility Support

	1
	Regular
	1.0
	102.6
	97.4
	800
	863
	Normal

	2
	
	
	
	
	2x400
	431
	High

	3
	Large
	2.0
	205.2
	194.8
	2x800
	863
	Normal

	4
	
	
	
	
	4x400
	431
	High


3. Number of cyclic shifts:  The number of possible cyclic shifts within a cell should be configurable based on the preamble format and supported cell.  With TCP of 102.6s a maximum cell radius to 14.61 km can be supported.  However, the actual cell size may be significantly smaller thus the appropriate cyclic shift for a cell should be selected based on the actual supported size. In addition, it is recommended that the number of possible cyclic shifts is chosen to be both a power of two.  This is so that 64 available preambles can be exactly constructed from the appropriate number of Zadoff-Chu root sequences.  Naturally, only one cyclic shift is used within a cell based on the supported cell size.
4. Early contention resolution in random access response: At the eNB, preamble timing detection is based on the propagation time between the UE’s and the eNB.  Thus, the eNB should be able to detect some collisions in the preamble transmission because of the relative timing difference.  Exceptions include when the received timing difference is too close, or when only one preamble is received with sufficient power while colliding signatures are not detectable (i.e. received energy is below the threshold).  As a result, a NACK may be transmitted as part of the random access response (message 2) shown in Figure 1 in case of collision.  This results in one additional bit to be included in the random access response which should only introduce a small amount of overhead.  When a NACK is received, however, resolution procedure is left to the MAC layer.   Thus, it is recommended that contention resolution in the form of a NACK be supported in the random access response as part of the physical layer procedure.

5. Preamble mapping to message:  In [7], a proposal to include cause, and CQI in addition to random ID in the implicit message was presented.  In addition, a preamble association to message method based on expected load for each cause is proposed.   For example, the available preambles may be partitioned by cause according to desired collision probability.  This allows individual control of collision probability for each cause.  Thus, a mapping between preamble and message should be dynamic and therefore must be broadcasted as part of the system information.  
6. Simultaneous data transmission: An important requirement for E-UTRA random access is the low latency in transition time from IDLE to CONNECTED state.  As a result, random access opportunities must occur with sufficient frequency (e.g. every 10 ms or so) which may result in high bandwidth overhead especially for system with smaller bandwidth.  For instance, with a period of 10ms and bandwidth of 1.08 MHz, non-synchronized random access bandwidth overhead is 2.4% for a 5MHz system.  In [4], it was shown that received sequence energy over noise of 16-18 dB is required to meet 1% false alarm and missed detection probabilities.  For the 1ms preamble structure, this energy is spread over 800s resulting in very low preamble SINR requirement per sub-carrier.  Thus, it should be possible to transmit data simultaneously via the shared data channels on some or all of the resource blocks used for non-synchronized random access.  Naturally, the decision to schedule data users in those resource blocks lies with the eNB and other factors such as random access load should also be taken into consideration.  In practice, the eNB may restrict data transmission only to low QoS traffic such as best effort services and then for example using very low data rates to minimize possible interference.  It is recommended that data transmission may also be scheduled in the random access region at the discretion of the scheduler.  Note that this option is already supported in the E-UTRA Technical Report 25.814 [5].  
7. Time switching antenna diversity:  For UE with two transmission antennas, antenna switching may provide an effective way to achieve some diversity benefit for preamble transmission.  For instance, the UE may switch antenna between successive preamble re-transmission attempts [6].  For L1 random access procedure, open-loop power control protocol with power ramping will be used to set the transmission power.  Although the open-loop algorithm has not been decided, open-loop power control generally relies on the received power and some knowledge of uplink interference level.  Hence, antenna switching should not adversely affect power control operation. As a result, time switching antenna diversity should be allowed for preamble transmission, but not specified (i.e. implementation is left to the eNB).  
8. Non-synchronized random access by synchronized UEs:  Currently, non-synchronized random access is used by UEs that are not yet time synchronized to the system.  However, there may be some scenarios where synchronized UEs may also be efficiently served via non-synchronized random access.  One example is to allow some synchronized UEs to send their scheduling requests using non-synchronized random access.  This can be used for UEs transmitting low QoS traffic such as best effort services to reduce the scheduling request overhead. In this case, collision is possible but can be tolerated.  Another example usage is to allow a synchronized UE to transmit a preamble for the purpose of uplink timing maintenance. 
9. Contention-free access: In non-synchronized random access, UE randomly selects a preamble from the available for transmission with possible contention.  However, some preambles may be reserved and assigned to UEs (scheduled transmission) so that they may be use in a contention-free manner.   This can be used, for example, to provide timing maintenance [8].  In this case, preambles are reserved and UEs are scheduled by the Node B to transmit the preambles at a specific time.  As a result, there is no contention in the preamble transmission and Node B can identify each UE by the timing and preamble used.  Another example is to provide contention-free scheduling request indicator [9].  In this case, a subset of the available 64 preamble sequences is 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.  This eliminates collision and provides a mechanism for the UE to transmit the scheduling request indicator without using an uplink overhead channel.  However, capacity on the non-synchronized random access channel is correspondingly reduced and more time-frequency regions may be needed to maintain low collision probability for other random access users.
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