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1 Introduction

Since the WG2 meeting #2 the MAC retransmission function has been further debated in the e-mail discussion group, while a conclusion still has not been drawn.

From the previous discussions, essentially a single argument supporting MAC retransmission in the Node B has survived, which is the naturally shorter retransmission delay for erroneously received RACH messages, in case that MAC retransmission is implemented in the Node B. Simulation results presented in this contribution however confirm  the plausible result, that on average the gain of fast MAC acknowledgements is negligible low, such that the downlink overhead due to the acknowledgements is not justified.

2 Comparison of acknowledgements in MAC (Node B)  and RLC/RRC 

Scenarios where a RACH message needs to be retransmitted once, using MAC and RLC/RRC acknowledgements, or alternatively using RLC/RRC acknowledgement only, are illustrated in Figure 1 and Figure 2, respectively. Two different delay measures could be of interest. The first one (denoted Dthrough in the figures) is the time it takes from the first transmission attempt until the message has been correctly received in the RNC and passed to higher layers. The second one (denoted Dacknowledged in the figures) is the delay measured from the first transmission attempt until the UE has received an RRC or RLC acknowledgement. An example situation where the latter delay measure is of interest is the RRC connection setup procedure. The RACH message would then correspond to an RRC connection request, while the ‘RLC/RRC ack‘ would correspond to an RRC connection setup.

In the two examples illustrated in the figures it is assumed that the UE needs to wait for an acknowledgement before sending the next message. A timer in the UE  (TMAC and TRLC/RRC respectively) will determine when it is time to retransmit a message that has not been acknowledged. This timer can naturally be set shorter when using MAC acknowledgement from Node B compared to RLC/RRC acknowledgement only, since the appropriate timer setting depends on the round-trip delay (UE-NodeB compared to UE-RNC). The acknowledgement timers would preferably be set close to the corresponding acknowledgement delays.

It is clear from the examples that for users that need to retransmit their messages, usage of MAC acknowledgements will decrease the RACH attempt delay (Dthrough) as well as the time it takes before an RLC/RRC acknowledgement is received (Dacknowledged). However, for users that get already their first attempt through, there should not be any difference in Dthrough or Dacknowledged independently of whether MAC acknowledgements are used or not.  
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Figure 1. Message sequence flow example with one retransmission and MAC acknowledgement from Node B.
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Figure 2. Message sequence flow example with one retransmission and no MAC acknowledgement.

3 Performance evaluation

Simulations have been carried out for evaluation of the RACH delay using the two different acknowledgement methods as described above. The simulation set-up (a combination of link- and system level simulations) as presented in [1] was used, with the exception that the acknowledgement timers now have been varied. The following acknowledgement timers have been used:

Table 1. Acknowledgement timers used in simulations

TMAC (MAC ack)
30 ms

TRLC/RRC (RLC/RRC ack only)
60 ms

Thus it has been assumed that the delays are 30 and 60 ms for acknowledgements from Node B and RNC respectively. It should be noted that these values are only very rough assumptions and not claimed to be realistic. 

Other simulation parameters and assumptions as well as link level results are rendered in the Appendices.

Figure 3 compares the cumulative distribution functions (CDF) of the RACH attempt delay (Dthrough) for MAC and RLC/RRC retransmission. The simulations have been performed by considering two different channel models (indoor 3 km/h and vehicular 120 km/h). For each RACH access attempt the channel conditions are selected randomly with a 50% probability each. Also shown for reference are the CDF's of the respective interference levels due to RACH transmissions. It should be noted that we have also carried out simulations for fixed channel models. The results are essentially the same.

As can be seen, the delays between the two acknowledgement proposals differ only for a very small amount of users (6-7 %), i.e. for those users that need to perform retransmission. The RACH attempt delays for these users are in the order of 60-70 ms (MAC ack) and 90-100 ms (RLC/RRC ack only). Virtually all other users get their RACH messages through without retransmissions, ending up in RACH attempt delays less than 30 ms, independently of whether MAC acknowledgements are used or not. This comes from the fact that the preamble power ramping scheme manages to give the RACH channel very good error characteristics.   
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Figure 3. RACH attempt delay (Dtrough) and generated interference for the two acknowledgement proposals.

Curves for Dacknowledged look similar to the curves shown in Figure 3 but with the delays offset with the time it takes from correct message reception in RNC until the UE has received an RLC/RRC acknowledgement. This additional offset would be the same independently of whether MAC acknowledgement is used or not.

4 Conclusion

It has been shown that the physical layer RACH preamble power ramping scheme can provide good error characteristics on RACH. Since retransmissions will be rare, only a very small number of users will benefit from a fast MAC acknowledgement handled in Node B. At the same time we see several drawbacks of MAC acknowledgements, e.g. higher complexity with MAC split between Node B and RNC. We therefore propose that the MAC function “Retransmission function” (currently listed as FFS) should be removed from S2.01 and S2.21.  

As an outcome of the previous discussions, a compromise has been proposed, namely introducing an optional MAC retransmission function in C-RNC. We do not see any good argument that such a function could be useful. We therefore rather suggest to agree that a fast retransmission function implemented in Node B could be reconsidered for the very unexpected case that transmission delay would cause any RACH performance problems.
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Appendix 1: Link level simulation assumptions and results
For the link-level simulations, a chip-sampled simulator similar to the simulator used for the ITU results [2]and in [3] has been used. However, in this paper the results are not shown as a function of average Eb/N0, but instead as the short time average C/I. The reason for this is to simplify the interface to the system-level simulator.

Both the preamble detection and the message detection have been simulated. For the preamble detection part the results are shown as the probability of preamble detection as a function of C/I on the preamble. For the message part the block error rate (BLER) is shown as a function of C/I on the message part. 

Table 1 lists the simulation assumptions.
Table 2. Link level simulation parameters.

Service
Random Access 8 kbps

Channel
Indoor  A and Vehicular A

Mobile speed
3 km/h (Indoor) and
120 km/h (Vehicular)

Information bit rate
8 kbps

Antenna diversity
Yes

Data part



Spreading factor
128


Info bits
80


CRC
16


Constraint length
9


Code rate
1/3


Rate matching
312 -> 320


Interleaving
10 ms

Control part



Spreading factor
256


# slots per frame
16


Pilot/TFI per slot
8/2

Control/data power
-3 dB

Preamble



Preamble/message 
power
3 dB


Preamble length
1 ms


Idle period
1.5 ms

In the figure below the link level results are shown:
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Figure 4. Link level performance for both Indoor A and Vehicular A. The figure to the left shows the probability distribution for preamble detection, whereas the figure to the right shows the probability of errors in the message part (BLER). 

For both simulations above, the threshold of the received energy of the matched filter in the receiver used for the preamble detection will result in a very low false alarm rate (<< 0.1%). The reasons for choosing such a high threshold are first of course due to the low false alarm that is achieved. However it is also due to that the operating points with respect to the curves in Figure 3  should give good system performance. In [3] it was shown that it was good to have 3 dB higher power on the preamble compared to the message part. If that is wanted, the C/Is that will result in preamble detection must have relatively good probability of message detection. Note that the preamble detection threshold can be tuned in each Node B, depending on the environment, in order to achieve a suitable operating point and thus good system performance.  

Appendix 2: System simulation assumptions

The system simulator includes one cell, in which mobile stations arrive according to a Poisson process with a specified intensity (. Each mobile station performs a random access according to the preamble ramping scheme, and upon correct reception of the RACH message the mobile station leaves the system. The simulator operates on 1.25 ms slot
 level. A constant background noise/interference load (I0) is assumed. Parameters used for the simulation are given in Table 3.

A mobile station transmits a preamble. The power is set to fulfil a specified initial preamble SIR target (SIRt). However, due to mobile station imperfections an error is added to the transmitted power. For the error model, a normal distribution truncated at +-12 dB is used. The standard deviation () is also set to 12dB, i.e. a high MS error has been assumed. The actual received SIR for the preamble slot together with the link level result in the left part of Figure 4 in Appendix 1 are used to estimate the preamble-detection probability and whether the preamble is detected by the base station or not. If no preamble is detected, the mobile station retransmits the preamble with a power increased by Pi dB. This continues until a preamble is detected. The mobile station then transmits the RACH message. The occurrence of a message error is estimated from the link-level simulations according to the right part of Figure 4 in Appendix 1. The actual received SIR for the preamble slot together with the link level result in the left part of Figure 4 in Appendix 1 are used to estimate the preamble-detection probability and whether the preamble is detected by the base station or not. If no preamble is detected, the mobile station retransmits the preamble with a power increased by Pi dB. This continues until a preamble is detected. The mobile station then transmits the RACH message. The occurrence of a message error is estimated from the link-level simulations according to the right part of Figure 4 in Appendix 1. If there is a message error, a new preamble and message are sent with the same power after a time (TMAC or TRLC/RRC) equal to the assumed acknowledgement delay.  Error-free acknowledgements are assumed. Also the acquisition indicator is assumed to be error free.

Two channel models are simulated: fast Vehicular A 120 km/h, and slow Indoor A 3 km/h. In the Vehicular case the fading is assumed to be independent between slots, and fading values distributed according to the Vehicular channel model with antenna diversity are added to the received power. For the Indoor case, the fading is assumed to be constant during the whole access attempt, and a fading value distributed according to the Indoor channel model with antenna diversity is added to the received power.

The performance measures used to present the results are random access attempt delay and generated interference. The delay is measured from the arrival of a mobile station to correct reception of the RACH message. Since the tail of most delayed attempts is most interesting, the whole distribution of delay is plotted (not only the average value for the system). The interference at the base station above the interference floor is measured per slot, and the whole distribution of interference values is plotted. 

The parameter set in Table 3 has been tuned for low delay at the same time causing low interference. An initial SIRt of –28 dB have shown to give good performance.

Table 3. System simulation parameters.

Mobile station arrival intensity 
0.2 mobiles/ms

Background noise/interference load I0
-102 dBm

Initial preamble SIR target (SIRt) for preamble ramping
-25 dB

Power increase Pi
3 dB

RACH acknowledgement delay TMAC, TRLC/RRC
30 ms, 60 ms

Power error distribution due to MS imperfections
Normal distr. truncated at +-12 dB, =12 dB

Fast fading distribution
Based on uplink fading samples from Vehicular and Indoor channel models

� This is the access slot (8 per frame). Throughout this Section, the access slots are denoted as slots.
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