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1
Introduction

This document intends to clarify the RACH retransmission modelling for LTE.
2
Discussion

2.1 RACH retransmission modelling in UMTS
A simplified model of the RACH retransmission mechanism adopted for UMTS is provided in Figure 1.
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Figure 1 – RACH retransmission model in UMTS

First of all it is noted that the operations within the red dashed lines are performed in L1.

When a RACH transmission is triggered, an UE first performs ASC selection. Then the UE determines the RACH parameters (set of available RACH access slots and preambles and the persistence value to be used) based on the selected ASC. The UE then performs a persistency check, and if transmission is allowed, it selects the access slot and preamble to be used randomly within the available set, and transmits the RACH preamble with the initial preamble transmission power. If the UE receives no ACK on the AICH and the power ramping cycle is not over yet, it retransmits a RACH preamble with power ramping applied (the UE selects the next access slot and randomly selects a preamble within the available set when doing so). If the UE receives an ACK on the AICH, it continues to transmit data on the RACH message part. If the UE receives no ACK on the AICH after the power ramping cycle is over but the maximum power ramping cycle attempts have not been reached yet, it retries the power ramping cycle (the UE randomly selects the access slot and preamble again when doing so and initialises the preamble transmission power at this time) after updating the RACH parameters (i.e. the persistence level if it has changed) and performing the persistency check. If the UE receives a NACK on the AICH and the maximum power ramping cycle attempts have not been reached, it retries the power ramping cycle (the UE randomly selects the access slot and preamble again when doing so and initialises the preamble transmission power at this time) after performing back-off, updating the RACH parameters (i.e. the persistence level if it has changed) and performing the persistency check. If the maximum power ramping cycle attempts have been reached but the UE does not receive an ACK on the AICH, it reports failure to higher layers.
2.2 RACH retransmission modelling in LTE
Several differences between RACH retransmission in LTE as in [1] and RACH retransmission in UMTS are outlined below:


1) ASC are not applied in LTE


2) Access slot selection is not applied in LTE


3) Power ramping and preamble selection is modelled as a MAC function in LTE

Furthermore, the following issues are still left open for LTE:


1) Whether or not back-off should be applied to the initial preamble transmission

2) The timing to update RACH parameters (including RA preamble grouping and preamble transmission power) 
Figure 2 illustrates the RACH retransmission model in LTE considering the above. It is noted that the focus is on contention RACH access.
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Figure 2 – RACH retransmission model in LTE
When a RACH transmission is triggered, an UE starts with the initialized preamble transmission power, and it is FFS whether back-off control applies to the initial preamble transmission. The UE also determines the RACH parameters (set of available RACH preambles for contention access and the threshold for determining the preamble group). The UE then selects the preamble group to choose from depending on the threshold and radio conditions / amount of data to transmit, and randomly selects the preamble to be used within the selected preamble group. The UE then transmits the selected preamble in the next available RACH occasion. If the UE receives a RA response corresponding to the preamble it transmitted, it continues to transmit Message 3. If the UE (1) does not receive a RA response corresponding to the preamble it transmitted, (2) does not detect the need for a back-off and (3) the maximum number of preamble retransmissions have not been reached, it retransmits a preamble with power ramping applied (the UE randomly selects a preamble within the available set when doing so and transmits on the next available RACH occasion) after possibly updating RACH parameters (e.g. base preamble transmission). If the UE (1) does not receive a RA response corresponding to the preamble it transmitted, (2) detects the need for a back-off and (3) the maximum number of preamble retransmissions have not been reached, it retransmits a preamble (the UE randomly selects the preamble again when doing so) after performing back-off updating the RACH parameters (FFS). At this time, it is unclear whether or not the UE should initialise the preamble transmission power (i.e. do not continue with the accumulated power ramp up). If the UE (1) does not receive a RA response corresponding to the preamble it transmitted and (2) the maximum number of preamble retransmissions have been reached, it reports failure to higher layers.
It is noted that there is a big difference between preamble retransmission loop between UMTS and LTE. In UMTS, the total number of preamble transmissions until a failure is reported to higher layers is given by the product of L1 retransmissions (max retx within ramping cycle) and L2 retransmissions (max attempts of ramping cycles), and both retransmission limits are configurable. For LTE, there is only one retransmission loop in MAC, and there is only one configurable parameter which governs the total number of preamble transmissions that can be made before a failure is reported to higher layers.

Proposal: It is proposed for RAN WG2 to discuss if the RACH retransmission model presented in this section is the common understanding within the group.
3
Conclusion
This contribution addressed the RACH retransmission modelling for LTE.
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