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1 Introduction
 During RAN2#61bis the following was agreed with respect to RACH modelling [1]:
· MAC continues random access attempts endlessly.
· When preamble_trans_max is reached, MAC reports this to RRC.

· RRC can abort MAC random access procedure.

This was refined in RAN2#62, upon discussion of [2] so that MAC does not continue endless attempts in the cases of DL data arrival and UL data arrival. It was also agreed that RRC timers are needed to control and stop the MAC access attempts for the cases where the RA attempts are triggered by RRC events. In this paper we show that the model resulting from all of these agreements is unnecessarily complex and propose some simplifying principles.
2 Discussion

The underlying UE behavior in the currently agreed the Random access model is illustrated in Figure 1.
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Figure 1 : Random Access Model
An implementation of this Random access model requires 4 separate communications between RRC and MAC, as shown. E1 triggers the RA access procedure; E2 indicates to RRC that preamble_trans_max has been reached (but MAC continues RA attempts); E3 indicates to RRC that RA access has succeeded and E4 stops the RA procedure.
Studies in RAN1 have shown that the probability of repeated RA failures for 3-4 attempts is very low (less than 0.1 %). Furthermore, if there are 3-4 successive failures of RA attempts, then the likelihood of success with additional RA attempts is extremely low. Therefore, assuming reasonable values of preamble_trans_max, it is clear that E2 is executed quite infrequently and E3 is almost never executed. 
In addition to the communication between RRC and MAC, RRC timers are needed for the different RRC behaviors. The maintenance of these RRC timers (for handover, Connection establishment, Connection Reestablishment) and their interaction with other RRC timers further complicates the implementation. Furthermore, an E4 indication from RRC may occur at the same time as an E3 indication from MAC leading to an undefined UE state. 
For the cases where the RA procedure is triggered by MAC, two different UE behaviors have been incorporated. If the RA procedure is for DL data resuming, the UE stops the RA procedure when preamble_trans_max is reached. If the RA procedure is for UL data resuming, when preamble_trans_max is reached UE continues the RA attempts and informs RRC that preamble_trans_max is reached.
2.1 Proposal
Based on the above observations, we do not see merit for the endless RA attempts construct. As a first simplification, we propose that the RA procedure consists of up to preamble_trans_max attempts. 
Proposal 1: MAC stops RA procedure after preamble_trans_max for all cases.
If the RA procedure is triggered by RRC, MAC needs to indicate to RRC when RA procedure failure occurs. 
Proposal 2: If the RA procedure is RRC-triggered, MAC sends an ‘RRC-triggered-RA procedure failed’ indication to RRC when preamble_trans_max is reached.

The case of MAC-triggered RA procedure needs further consideration. In the current model, it is unclear why when a RA procedure for DL data resumption reaches preamble_trans_max, UE stops the RA procedure whereas when a RA procedure for UL data resumption reaches preamble_trans_max, UE continues the RA procedure. As discussed above, it is unlikely that there is any benefit to continuing the RA procedure after preamble_trans_max is reached. Since the reaching of preamble_trans_max signifies a RA problem, corrective action may be needed in both cases.
Proposal 3: If the RA procedure is MAC-triggered, MAC sends a ‘MAC-triggered-RA procedure failed’ indication to RRC when preamble_trans_max is reached.  
According to the current model, RRC-triggered RA is controlled by different timers for different RRC procedures. Connection establishment is controlled by T300 and Connection re-establishment is controlled by T301. These timers are started when the RRC Connection establishment request and the RRC Connection re-establishment request are transmitted respectively. The two procedures are essentially the same and we do not see a need for separate timers. Moreover, given that the success of the procedures depends on the success of the corresponding RA procedures, both of these procedures can be controlled by a single limit on the number of RA transmissions.
Proposal 4a: T300 is removed from the specification. An RRC connection establishment attempt ends when RRC receives an ‘RRC-triggered-RA procedure failed’ indication from the MAC, or when a RRC connection Establishment Reject is received (the indication is triggered when preamble_trans_max RA attempts are unsuccessful).
Proposal 4b: T301 is removed from the specification. An RRC connection re-establishment attempt ends when RRC receives a ‘RRC-triggered-RA procedure failed’ indication from the MAC, or when a RRC connection Re-establishment Reject is received (the indication is triggered when preamble_trans_max RA attempts are unsuccessful).
The handover procedure is controlled by T304, which is started when the UE receives the HO command. The procedure has some differences depending on whether it uses a dedicated preamble or a contention based preamble. In the case of the dedicated preamble, UE can immediately start RA procedure, whereas in the case of the contention based preamble, UE has to acquire system information from the target eNB before starting the RA procedure. Therefore the overall handover duration can be very different in the two cases and it is necessary to include T304 in the HO command.
Proposal 5: T304 is included in the HO command. The Handover procedure ends unsuccessfully when RRC receives an ‘RRC-triggered-RA-procedure failed’ indication from MAC or when T304 expires.
RRC actions when RA procedure failure occurs also need to be considered. RA procedure failure should lead to a Radio link failure recovery procedure because it is indicative of a radio link problem. Re-attempting the RA procedure does not have much likelihood of success. Also, waiting for some duration for a recovery (eg., T310) is not beneficial because the only way to recover on the same cell is through a successful RA procedure. So it seems logical to start T311 directly, rather than T310 followed by T311, when RA procedure fails. 
Considering RRC-triggered RA procedures, when such a procedure fails, RRC has to take action based on the procedure. Therefore, the above principle should not apply to RRC-triggered RA procedures. Instead it should apply only to MAC-triggered RA procedures.
It is useful to further consider the case where the MAC triggered RA is due to DL data resumption and the RA procedure fails. If UE immediately starts T311 and tries connection re-establishment, it may end up on a different cell. If that happens, then the new cell has to retrieve packets (that were waiting to be delivered to the UE) from the first cell. Instead if T310 is started first, it gives the source cell another chance to send another DL data arrival and UE another RA procedure. However, after failure of preamble_trans_max RA attempts, there is no reason to believe that likelihood of success of a subsequent DL data resumption procedure on the same cell is any better. So we think that it is sufficient to not go through T310 even when DL data resumption fails.
Proposal 6: When RRC receives a ‘MAC-triggered-RA-procedure-failed’ indication from MAC, it initiates RLF recovery and starts T311.
Figure 2 shows the proposed Random access model. 
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Figure 2 : Proposed Random Access Model
3 Conclusion
We have studied the complexity of the current RACH model and proposed some simplifications. Additional simplifications may well be possible. It is proposed that RAN2 discuss and agree on the following proposals:

Proposal 1: MAC stops RA procedure after preamble_trans_max for all cases.
Proposal 2: If the RA procedure is RRC-triggered, MAC sends an ‘RRC-triggered-RA procedure failed’ indication to RRC when preamble_trans_max is reached.

Proposal 3: If the RA procedure is MAC-triggered, MAC sends an ‘MAC-triggered-RA procedure failed’ indication to RRC when preamble_trans_max is reached.  
Proposal 4a: T300 is removed from the specification. An RRC connection establishment attempt ends when RRC receives a ‘RRC-triggered-RA procedure failed’ indication from the MAC, or when an RRC connection Establishment Reject is received (the indication is triggered when preamble_trans_max RA attempts are unsuccessful).

Proposal 4b: T301 is removed from the specification. An RRC connection re-establishment attempt ends when RRC receives a ‘RRC-triggered-RA procedure failed’ indication from the MAC, or when a RRC connection Re-establishment Reject is received (the indication is triggered when preamble_trans_max RA attempts are unsuccessful).

Proposal 5: T304 is included in the HO command. The Handover procedure ends unsuccessfully when RRC receives an ‘RRC-triggered-RA-procedure failed’ indication from MAC or when T304 expires.

Proposal 6: When RRC receives a ‘MAC-triggered-RA-procedure-failed’ indication from MAC, it initiates RLF recovery and starts T311.
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