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1. Introduction

RAN1 and RAN2 discussed the relationship between collision probability and random access attempt [3] - [8] . However, the target collision probability of the random access preamble has not been discussed deeply so far. The liaison statement from RAN2 [2] mentions it is under consideration whether HARQ is adopted for the 1st UL message transmission after random access preamble.
This document discusses the target collision probability of the random access preamble and the possibility of HARQ adoption for the 1st UL message transmission from the physical layer perspective.
2. Target collision probability of random access preamble 

Target collision probability

The non-synchronized access is used when i) UE uplink has not been time synchronized or ii) UE uplink loses synchronization. The non-synchronized access allows the Node B to estimate and, if needed, adjust the UE transmission timing to within a fraction of the cyclic prefix. Therefore, the most important purpose of non-synchronized random access is uplink arrival timing estimation for uplink transmission timing alignment (TA)
If more than one UE transmit the same signature sequence into the same time-frequency random access slot, the collision of signature sequence occurs. Although eNodeB can detect which signature sequence is transmitted based on its power profile, eNodeB generally can not detect whether the collision occurs or not. Therefore, eNodeB send only one random access response to corresponding one signature. The random access response includes one Timing Advance information (TA), Scheduling grant, C-RNTI and so on. The response also includes signature specific ID on the downlink.
In the next step, all UEs that have the collision in the random access preamble send 1st UL message which contains L2/L3 message with transmission timing according to the TA indicated by the random access response. This TA would be correct value for one of collided UEs. However, this TA is usually not correct value for the other UEs. Therefore, the 1st UL message transmitted from the UEs with wrong TA value would exceed cyclic prefix length. This 1st UL message would interfere with the next sub-frame as shown in Figure 1.
From the above reason, the target collision probability of the random access preamble should be small enough (e.g. 1% or less) in order not to decrease the performance of the next the sub-frame.
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Figure 1 Interference from the 1st UL message transmitted from the UEs with wrong TA value.

Managing collision probability of random access preamble
In order to control the collision probability below the target, the following two methods are possible.
· Increasing the random access opportunities
- by increasing time-frequency random access slots and/or
- by increasing signature sequences
· Reducing the random access attempt
- by increasing the value of random back-off timer after the collision
- by the limitation of random access attempt using the random access cause
These control messages would be informed by broadcast channel semi-statically. 
Proposal

· The target collision probability of the random access preamble should be small enough (e.g. 1% or less) in order not to decrease the performance of the next sub-frame to the 1st UL message.
· To control collision probability, the following approaches should be used and informed by broadcast channel.
· Increasing the random access opportunities and/or
· Reducing the random access attempt.
3. HARQ adoption for 1st UL transmission
3.1. Discussion

RAN2 is considering whether HARQ should be adopt for 1st UL message [2] .
Without HARQ of the 1st UL message transmission, a lower target BLER of the 1st UL message (e.g.1% BLER) is required to be set. This implies the similar level of robust modulation and coding rate as L1/L2 control signaling should be selected. Especially for UEs located cell border, this leads significant radio resource consumption due to very low data transmission rate.

HARQ is the essential solution for improving performance and radio resource utilization. HARQ brings time, frequency and interference diversity. Time and frequency diversity is for frequency selective fading and interference diversity is for the fluctuation of the interference generated by UEs whose serving cell is neighbor cell.
Furthermore, we proposed the collision probability should be 1% or less in section 2.1. Consequently, the probability of the collision of the 1st UL transmission is also 1% or less. In addition, the random access attempt per second would be very small number according to [5] 

 REF _Ref147514322 \n \h 
[8] . Collision probability is from 7x10-4 to 5x10-3 is calculated. Therefore, 99% or more of 1st UL messages does not collide.
From the above discussion, we propose to apply HARQ for 1st UL messages.
On the other hand, 1% or less of 1st UL message would still collides. The re-transmissions of them generate continuous interference to the precedent or subsequent sub-frame. Therefore, the maximum number of the re-transmission of the 1st UL message should be smaller. UL-SCH should support various QoS. Therefore, we assume the maximum number of the retransmission should be configurable. As we further assume 1st UL message is almost UL-SCH, the maximum number of the retransmission of the 1st UL message could also be configurable including zero (i.e. no HARQ). However, this configurability requires increasing the signaling of the broadcast channel. Therefore, we prefer the maximum number of the retransmission should be predefined and we prefer two as the number.
Summary
From the above discussion, we propose 

· HARQ should be adopted for the 1st UL message after the random access preamble
· The maximum number of the retransmission should be small and predefined. (We propose 2 as the value.)

In addition,

· The random access procedure should not be optimized for 1% or less of collided transmission.
3.2. Evaluation

In this section, we evaluated the BLER of the following cases with and without HARQ.

- BLER performance in the different re-transmission 
- Capture effect of the uplink data channel

Simulation condition is shown in Table 1.

Table 1 Simulation condition

	parameter
	Value

	BW (system) [MHz]
	5

	BW (user) [MHz]
	1.25

	Transmission method
	Distributed FDMA (IFDMA)

	Modulation and coding rate
	QPSK R=1/3

	HARQ type
	3-channel stop and wait
Chase combining

	Re-transmission interval
	4ms (each 4 TTI)

	Maximum number of the retransmission
	0 / 1 / 2

	Channel estimation type
	Ideal

	Channel model  
	TU 6path

	UE mobility
	3km/h

	Number of TX antenna
	1

	Number of RX antenna 
	2


Results
First, we simulate BLER performance with different number of the re-transmission, in order to confirm the effect of HARQ. The simulation results are shown in エラー! 参照元が見つかりません。.
From the results, in 1% or 0.1% target BLER, the gain of 1st re-transmission and 2nd re-transmission compared with no-retransmission is about 3.2dB and 5.2dB, respectively. This result can be translated like this. If assuming a simple repetition is used to achieve the same BLER for the message transmission without HARQ, the message size of a single-TTI UL message transmitted with HARQ of 1-retranmission and 2-retransmission can be increased 2.1 times and 3.3 times compared to no-HARQ, respectively.

In general, assuming the target BLER of the message is 1%, the target BLER of the 1st transmission without HARQ is also 1%. Meanwhile, the target BLER of the 1st transmission with HARQ can be set to 10% irrespective of the maximum retransmission number. Therefore, the message size of a single-TTI UL message transmitted with HARQ is around twice of that of no-HARQ case regardless of the maximum retransmission number of the HARQ. HARQ is also useful for the tolerance of open loop power control. Note, in WCDMA, PRACH tolerance of open loop is ± 9 dB in normal condition.
Next, we simulate BLER performance of the message transmission with different re-transmission times under contention between 2 UEs, in order to confirm the capture effect of the uplink data channel.
In this evaluation, we assume the followings,

- 2 UEs transmit 1st UL message,
- Same uplink reference signal is used for both UEs,
- Contents of data is different form each other
- Same arrival timing
- The received power difference is used as parameter: 0 / 3 / 6 / 9 dB
The simulation results are shown in Figure 3
From the results,

· If there is more than 3 – 6 dB received power difference of the two, HARQ works well and capture effect can be obtained.
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Figure 2 BLER performance with different re-transmission times
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Figure 3 BLER performance of the message transmission under collision (2 UE)

4. Conclusion

In this document, we discussed the target collision probability of random access preamble and the possibility of HARQ adoption for the 1st UL message transmission.

From the discussion, we propose followings:

As the answer to the question 4 and 7 of RAN2 LS

· The message size of a single-TTI UL message transmitted with HARQ of 1-retranmission and 2-retransmission could be 2.1 times and 3.3 times compared to no-HARQ, respectively.

· If there is more than 3 – 6 dB received power difference of the two, HARQ works well and capture effect can be obtained.

In addition, 
· The target collision probability of the random access preamble should be small enough (e.g. 1% or less) to avoid inter-TTI interference from the 1st UL message with wrong time alignment under collision.
· HARQ should be adopted for the 1st UL message after random access preamble
· The number of maximum retransmission should be small and predefined. (We propose 2 as the value.)
· To control collision probability, the following approach should be used and informed by broadcast channel.
· Increasing the random access opportunities and/or

· Reducing the random access attempt.
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