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1. Introduction

This contribution discusses the procedure for non-synchronized random access. 
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.   In the figure, random access occupies a bandwidth of BWRA MHz 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.  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.
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Figure 1.  Non-synchronized random access.

3. Random Access Preamble

Figure 2 illustrates a non-synchronized random access burst.  To prevent interference to subsequent transmission arising from timing difference due to propagation delay, a guard time (TG) is added.  In [7], it was noted that a guard time of approximately 6.67 s per kilometer is required.  In addition, a cyclic prefix (TCP) is added to aid in frequency domain processing.  The lengths of the cyclic prefix and guard time are dependent on the supported cell size.  The random access bandwidth is assumed to be 1.25 MHz with a sampling rate of 1.125 MHz, although this has not been finalized.
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Figure 2.  Non-synchronized random access burst.

In RAN1#45, it was agreed that the preamble is based on Zadoff-Chu sequence with zero-correlation zones (ZC-ZCZ) where each zone is generated through a cyclic shift of the base sequence. Multiple mother Zadoff-Chu sequences may be used when the required number of zones cannot be generated.  According to the performance requirements outlined in [1], E-UTRA should support cell size up to 5 km with optimal performance, cell size up to 30 km with slight performance degradation, and cell size up to 100 km should not be precluded.  Thus, preamble sequence design must accommodate all the supported cell sizes with minimum overhead.  A proposed sequence design (based on [6]) is shown in Table 1 where the reference preamble burst length TRA-BURST is 900 s excluding the cyclic prefix.  In this proposed preamble design, if the random access bandwidth is assumed to be 1.25 MHz, a sequence length of approximately 1013 is used.  This allows for 1012 different sequences to be distributed within the system.  Furthermore, in this design approach, the number of zero correlation zones is chosen to be both a power of two as well as to satisfy the delay constraint imposed by the cell radius.  This is so that preamble assignment can easily be done by selecting multiple groups.  For example, if 64 preambles are needed within a cell of range 3 km, then 4 different ZC-ZCZ sequence groups may be assigned to the cell.  
Table 1.  Random access preamble sequences.

	Random Access Sequence
	Random Access Burst Length 
TRA  (ms)
	Preamble Burst Length

TRA-BURST  (s)
	Cyclic Prefix Length 
TCP  (s)
	Guard Time TGP
TG (s)
	No of Zero Correlation Zones
	Supportable Cell Radius

(km)

	1
	1.0
	900
	50
	50
	16
	6.75

	2
	2.0
	1800
	100
	100
	8
	14.25

	3
	3.0
	2700
	150
	150
	4
	21.75


	4
	10.0
	9000
	500
	500
	1
	74.24


Although random access message is implicit in the preamble selection, the association between message and preamble has not been decided.  It has been proposed that cause, random ID, and CQI information be conveyed implicitly by the preamble.  In general, it is desirable to have approximately the same collision probability for each random access cause.  As a result, preamble association to message should be based on expected load for each cause.  Hence, the available preambles should be divided into distinct sets based on expected load as shown in Figure 3.  For instance, the number of uplink synchronization requests is expected to be much smaller than, the number of requests for handover attempts.  Thus, more preambles should be assigned for handovers than for requests for uplink synchronization in order to ensure low collision across all causes. This assignment may be one of the BCH information fields so that UEs and should be semi-static to reduce overhead.
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Figure 3.  Preamble association with message.

In summary, the followings are proposed for preamble design –

· Four different preamble formats based on the cell size.    Each format uses a base sequence of length 900 s with repetition performed for larger cells.  Different number of zero correlation zones is defined for each format.
· UEs are provided the preamble format and different Zadoff-Chu sequence indices in order to construct the set of available preambles.
· Preambles are associated with a message via a mapping based on expected load for each cause.  This mapping is semi-static and transmitted in the BCH. 
4. Non-Synchronized Random Access Procedure

Figure 4 provides a proposed call flow diagram for the random access procedure.  In the first step, mobile (UE in Figure 4) randomly selects a random access region (if multiple frequency regions are available).  Next, it selects a random preamble from the set of available preambles based on random access cause and observed channel quality.  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.

Upon reception of the random access preamble, the base station (eNB in Figure 4) replies with an uplink scheduling grant, preamble acknowledgment, and timing advance information at a fixed timing relative to preamble transmission. Without this fixed timing, a response window must be defined which can significantly increase latency since the mobile must wait until the end of the response window before re-initiating preamble transmission in the case that preamble was not successfully received at the base station.  Timing advance information is used by the mobile to time-synchronized its uplink transmission.  In regard to the random access preamble, it is possible to detect collision if the received timing difference between the two preambles is sufficiently far apart (greater than the expected channel delay).  Thus, the eNB should be able to detect some collisions in the first step.  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).  The latter scenario can be somewhat mitigated by accurate open-loop power control.   As a result, an acknowledgment should be included in the random access response (message 2) for early contention resolution. This allows for some contentions to be resolved very quickly. If the mobile does not receive a response, it increases its transmission power and restarts from the first step.   If the mobile receives a NACK, it then initiates a back-off period of random duration prior to re-initiating random access.

In the third step, the mobile transmits its L2/L3 control message together with its available ID or a random ID.   The ID will serve as its identity for contention resolution purposes which the base station would echo in step 4.  This would serve as an early indication if a collision occurred during the previous transmission and allow the mobile to reinitiate random access procedure as soon as possible.  Otherwise, the mobile will have to wait until the fifth message before contention is resolved.  This may incur significant delay since the L2/L3 message response has to come from the Access Gateway. It should be noted that non-synchronized random access load is expected to be low, and therefore collision is not expected to be a problem.  It was estimated in [8] that the collision probability will be in the order of 10-3 with 64 available preambles even when the number of camped UEs in a cell is very high.   Thus, although in most cases message 4 will not be necessary due to the low collision probability, it is very beneficial in reducing latency in case of collision.  In addition, since the random access load is low, the additional overhead incurred by sending message 4 will be relatively small.  An alternative to sending message 4 is to use H-ARQ to possible resolve the contention.  This depends on the relative power difference between the two transmissions.  Figure 5 - Figure 6 illustrate the capture probability under TU channel with ideal and non-ideal open-loop power control.  It can be seen that with ideal power control, less than 50% capture success is possible even with 3 re-transmission and highly varying channel (120 km/h).   With non-ideal open-loop power control with +/- 6 dB error, the capture probability improves but is still small at low speeds.  Note that this open-loop power control errors can account for both inaccuracies in channel measurement and power amplifier setting.  Because the capture probability is not very high, message 4 should be used to resolve contention in L2/L3 message.
5. Physical Layer Procedure

They physical random access procedure from [1] is adopted here with some minor modifications.  This procedure is focused only on the transmission and acquisition of the preamble message (message 1).  Contention resolution procedure of this message is left to the MAC layer.  Note that  non-synchronized random access region should occur with a fixed timing from the downlink broadcast channel.
Prior to initiation of the non-synchronized physical random-access procedure, Layer 1 shall receive the following information from the higher layers:

-  Available non-synchronized random access channels.  [TBD - a possible signalling method may be to indicate the indices of the first resource blocks to be used for random access.]
-  Preamble sequence format and available indices.

-  Preamble association with implicit message [TBD].
-  The power-ramping factor Power Ramp Step [integer > 0].

-  The parameter Preamble Retrans Max [integer > 0].

-  The initial preamble power Preamble_Initial_Power.

The physical random-access procedure shall be performed as follows:

1. Derive the next available uplink random access channels according to X.X.X.   Randomly select a random access channel from the available non-synchronized random access channels. The random function shall be such that each of the allowed selections is chosen with equal probability.
2. Select a set of available preamble sequences based on the implicit message to be transmitted.  The available set of sequences based on implicit message is given by X.X.X.
3. Randomly select a preamble sequence from the set of available sequences. The random function shall be such that each of the allowed selections is chosen with equal probability.

4. Set the Preamble Retransmission Counter to Preamble Retrans Max.

5. Set the parameter Commanded Preamble Power to Preamble_Initial_Power.

6. In the case that the Commanded Preamble Power exceeds the maximum allowed value, set the preamble transmission power to the maximum allowed power. In the case that the Commanded Preamble Power is below the minimum level, set the preamble transmission power to a value, which shall be at or above the Commanded Preamble Power and at or below the required minimum power specified. Otherwise set the preamble transmission power to the Commanded Preamble Power.  Transmit a preamble using the selected random access channel, preamble sequence, and preamble transmission power.

7. If no positive or negative acquisition indicator corresponding to the selected preamble sequence is detected in the downlink access slot corresponding to the selected uplink access slot:

7.1. Select the next available non-synchronized random access channel randomly.  The random function shall be such that each of the allowed selections is chosen with equal probability.
7.2. Randomly select a new preamble sequence from the set of available sequences within the given set. The random function shall be such that each of the allowed selections is chosen with equal probability.
7.3. Increase the Commanded Preamble Power by ∆P0 = Power Ramp Step [dB]. If the Commanded Preamble Power exceeds the maximum allowed power by 6dB, the UE may pass L1 status ("No ack on non-synchronized random access ") to the higher layers (MAC) and exit the physical random access procedure.

7.4. Decrease the Preamble Retransmission Counter by one.

7.5. If the Preamble Retransmission Counter > 0 then repeat from step 5. Otherwise pass L1 status ("No ack on non-synchronized random access ") to the higher layers (MAC) and exit the physical random access procedure.

8. If a negative acquisition indicator corresponding to the selected signature is detected in the downlink access slot corresponding to the selected uplink access slot, pass L1 status ("NACK on non-synchronized random access received") to the higher layers (MAC) and exit the physical random access procedure.

9. Pass L1 status "ACK on non-synchronized random access received" to the higher layers and exit the physical random access procedure.
10. Conclusions
In this contribution, a proposed physical layer procedure for non-synchronized random access is presented.   This procedure focuses only on the transmission and acquisition of the preamble message and  any contention resolution is left to the MAC layer.  In addition to the access procedure, preamble design is shown with four available preamble formats based on cell size.
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Figure 5.  Capture probability of message 3 – 2 colliding users, ideal open-loop power control, TU channel (3 and 120 km/h).
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Figure 6.  Capture probability of message 3 – 2 colliding users, non-ideal open-loop power control with +/- 6dB error, TU channel (3 and 120 km/h).




























































































































































































































































