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1. Introduction

According to the latest E-UTRA specifications, the Random Access (RA) procedure in the UE is triggered for the 5 different reasons: UL and DL data resuming, Initial Access, RRC connection re-establishment, and Handover. Also, for the purposes of handling the RA retransmission at the MAC, the current agreement is that the RACH procedure runs endlessly in the MAC, and is supervised by the RRC using a variety of timers (T300/T301/T312). When PREAMBLE_TRANS_MAX number of attempts is reached, the MAC indicates RA problem to RRC, and if later, the MAC succeeds in the RA procedure, it indicates success to the RRC. Correspondingly, the RRC monitoring behavior must be specified differently for each procedure during RA. 
The individual handling of the RA failure for the 5 procedures is an optimization that may not be worth the additional testing and design complexity. In this document we propose that RAN2 adopt a simple RACH model that is consistent for 4 causes of RACH access (all except except handover). 
We propose a simple counter based approach for the first stage of RACH access with retransmissions that can be coupled with the timers for the second stage that leads to RRC_IDLE. The rest of this document is organized as follows. Section 2 discusses the motivation for a simple approach based on counters, and section 3 describes the proposed approach. We conclude in section 4 and 5 with a summary of benefits of the proposed simple RACH model.
2. Motivation: A simple counter based RACH model

As per the current RACH model, the MAC keeps trying endlessly, and the RRC supervises and possibly interrupts the process. This interruption by RRC is based on 5 different methods for the 5 different access causes. As see in the appendix of this document, there are multiple different timers used for the 5 different access causes. In this section, we briefly discuss whether the gains from 5 different approaches and the associated counters are worth the complexity they bring. 
Question 1: Is there a performance benefit to having endless RACH retries?

In document [1], we cite performance analysis of the RA procedure presented to RAN1 by Texas Instruments. Document [1] shows that even without frequency hopping for RACH (the current agreement in RAN1), the probability of RACH failure is of the order of 10-3 with only 3 consecutive RACH attempts in a slow moving UE (TU-3kmph). We naturally expect that the probability of success will increase as the number of attempts is increased (even for slow moving channels with large coherence time ~180ms). 
The fundamental takeaway from [1] is that even in slow moving channels, the success of RA can be determined with a success of 10-3 for even as few as 3 attempts. This suggests the conclusion that endless RA retries in the MAC may not offer substantial marginal gains (since there is little additional time diversity gain achieved after the coherence time is exceeded). Instead, repeated RA access wastes UE power in the uplink.

Question 2: Do we need to have different timers to stop the indefinite MAC retries in the first stage of RACH failure?

In our opinion, the answer to the above question is “no” based on the following observations:

· If, for each use case of RACH, the maximum number of retries is a large enough number, we do not see any gains from additional RACH attempts. Thus, we do not see a benefit to using any further timers that are different for different access causes to be used to stop the indefinite MAC re-attempts. This large enough number for the counter is of the order of 4 or 5 from the analysis in [1]. 
· A counter based approach automatically adjusts for backoff and UL scheduling in the MAC, whereas a timer based approach would require tuning of the timers for various backoff/UL scheduling cases so that the MAC can at least make PREAMBLE_TRANS_MAX number of attempts.
· Consequently, there is no need to have a separate T312 to monitor radio link condition upon failure indication of RA procedure from MAC. Once, RA fails, the UE should move directly to RLF procedure.
· The procedural simplification will reduce the number of tests to ascertain UE behavior for Rel-8 and enable a simple implementation for UE terminal vendors. 
Question 3: Do we need to have a timer T304 to monitor MAC tries for handover?

We believe that T304 will be needed because of different behaviour when handover uses dedicated preamble versus when it uses contention based preamble. In the latter case there may be some (variable) amount of time needed to acquire target cell system information. Hence we propose that T304 be retained for handover.
Thus, to achieve alignment of procedures and reduce complexity at the UE, we propose the following philosophy for the RACH model. The detailed model and the text proposal are described next.

1. For all cases except handover, MAC can retry with preambles from the same preamble group for PREAMBLE_TRANS_MAX tries. It should be stopped in its attempts after MAX_TRIES. 
2. After MAX_TRIES, a common handling in stage 2 using the T311 timer is proposed. 

3. During T311, UEs may perform multiple cell selections, at each cell selection, MAC is reset by RRC.
3. The counter based simple RACH model 
In this section, we outline the proposed simple RACH model based on a counter for MAX_TRIES of RACH for the first stage of RA failure. Based on the motivation in section 2, we propose the following.

Proposal 1: For all cases except handover MAC shall attempt Random Access a maximum of MAX_TRIES number of times and then stop. 

Proposal 2: If RA is successful before MAX_TRIES, MAC shall indicate RA success to RRC, if required
. If MAX_TRIES expires before RA success, MAC shall indicate RA failure to RRC for all cases except handover.

MAX_TRIES may be the same number as PREAMBLE_TRANS_MAX; or alternately, greater than PREAMBLE_TRANS_MAX. In general, if MAX_TRIES > PREAMBLE_TRANS_MAX, the MAC has the opportunity of potentially choosing a different preamble group (e.g. based on changed channel conditions). This can potentially improve the probability of RACH success. Accordingly, we propose the following.

Proposal 3: MAX_TRIES >= PREAMBLE_TRANS_MAX.
Proposal 4: In case MAX_TRIES > PREAMBLE_TRANS_MAX, a new preamble group selection is performed after every PREAMBLE_TRANS_MAX tries.

Proposal 5: For all  cases except handover, after RA failure is indicated by MAC to RRC, RRC starts the Radio Link Failure procedure (associated with timer T311). For handover, after T304 expires, RRC starts the Radio Link Failure procedure.
The current procedure is more or less aligned for all the 5 cases for this second stage. In section 3.2, we briefly present the RACH model for this second stage of RACH failure recovery.Section 3.1 below presents an aligned procedure for RRC/MAC interaction for RA for each of the 5 access causes. Note that only the operation listed under bullet ‘b’ is different in each of the access causes.
3.1. The common RACH model
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Figure 1: Proposal to replace multiple timers governing RA with one counter
3.1.1. RACH model for RRC Connection Request/RRC Connection Re-establishment
a. RRC sends RRC Message to MAC
b. MAC performs RA attempts MAX_TRIES number of times

c. After every PREAMBLE_TRANS_MAX tries, the MAC is reset and new random preambles from possibly a new preamble group are used to continue retrying RACH access. Note that PREAMBLE_TRANS_MAX is smaller than or equal to MAX_TRIES.

d. If success is achieved before MAX_TRIES exhausted,

i. MAC indicates RA success to RRC

ii. RRC goes ahead to set up/move Connection, moves to CONNECTED mode.

e. Else,

i. MAC indicates RA failure to RRC and the MAC is reset.
ii. RRC starts RLF handling procedure (see Section 3.2)

Note that we assume that RRC Connection Re-establishment may be triggered while the UE is trying to recover RRC connection (in phase 1 of radio link failure handling) 
· either with source cell during T310, 
· or with suitable E-UTRA cells (including possibly with source cell) during T311.

Proposal 6: We propose that timers T300/T301 be removed from the specification; instead RA procedure for RRC Connection Request and RRC Connection Re-establishment will be governed solely by a counter (MAX_TRIES). 
3.1.2. RACH model for UL data resuming/SR

a. PDCP sends UL data / SR waiting at MAC
b. MAC performs RA attempts MAX_TRIES number of times

c. After every PREAMBLE_TRANS_MAX tries, the MAC is reset and new preambles from possibly a new preamble group are used to continue retrying RACH access. Note that PREAMBLE_TRANS_MAX is smaller than or equal to MAX_TRIES.

d. If success is achieved before MAX_TRIES exhausted, MAC resumes UL data.
e. Else,

i. MAC Indicates RA failure to RRC and the MAC is reset
ii. RRC starts RLF handling procedure (see Section 3.2)
3.1.3. RACH model for DL data resuming

a. RACH is triggered by PDCCH signalling
b. MAC performs RA attempts MAX_TRIES number of times

c. After every PREAMBLE_TRANS_MAX tries, the MAC is reset and new random preambles from possibly a new preamble group are used to continue retrying RACH access. Note that PREAMBLE_TRANS_MAX is smaller than or equal to MAX_TRIES.

d. If success is achieved before MAX_TRIES is exhausted, DL data is resumed
e. Else, 
i. MAC Indicates RA failure to RRC and the MAC is reset

ii. RRC starts RLF handling procedure (see Section 3.2)

3.2. UE behaviour for Radio Link Failure handling
As shown in Figure 1, Radio Link Failure is initiated after MAX_TRIES attempts of RACH access are exhausted as in 3.1. This phase is governed by the timer T311. In this section, we described the procedure that the UE follows during T311. 

Currently, T311 can be potentially very long (and configurable in SIB2) based on the deployment environment (such as UE entering a tunnel/ UE entering an elevator). Hence, the current proposal to have only one cell selection during T311 forces the UE to keep attempting at an unsuccessful cell even though additional transmit diversity may not be obtained.

Proposal 7: UE may attempt multiple cell selections in T311.

Proposal 8:  After each such cell selection, the UE initiates RRC Connection Re-establishment with the selected cell if selected cell is a suitable E-UTRA cell. 

Correspondingly, the UE behaviour in T311 may be expressed as follows: 
a. If T311 is not started already, start T311. If T311 is started, let it continue.

b. UE performs cell selection in T311 (to meet cell selection criteria as in 36.304)

c. If UE finds suitable cell before T311 expires, 
i. UE performs RACH and re-establishes RRC Connection
.
ii. If RRC re-establishment success before T311, stop T311.

iii. If RRC re-establishment fails, but T311 is not over, UE may go to step b.

d. If T311 expires 

i. Stop. UE goes to RRC IDLE, indicates failure to NAS.
4. Benefits of proposed RA model
The above proposed method has the following benefits:

· It avoids multiplicity of timers thereby simplifying design and testing complexity for UEs.
· The counter automatically accounts for backoff and RA scheduling; timer values need to be chosen appropriately by the network based on backoff parameter choice. 

· UE MAC saves power by not trying RA superfluosly in a cell even though PREAMBLE_TRANS_MAX has expired, but RRC timer has not.

· UE quickly identifies a bad cell for RA procedure (with high reliability). Hence, 

· No need to wait till RRC timer expires after MAX_TRIES is over 

· No need for additional T312 after RA failure detected in higher layers.
In both these cases, the UE directly moves to RLF handling

· Multiple cell selections are permitted during T311 – this allows UE to re-establish RRC in case T311 is particularly long, such as the tunnel / elevator scenarios where other RAT cells are unlikely to be present either.
5. Conclusion
In this contribution, we proposed a simple counter based RACH model. Based on the benefits summarized above, we request RAN2 to agree to a simple counter-based RA procedure based on the following proposals:
Proposal 1: MAC will attempt Random Access MAX_TRIES number of times and stops. If RA is successful before MAX_TRIES, MAC will indicate RA success to RRC, if required. If MAX_TRIES expires before RA success, MAC indicates RA failure to RRC, if required.
Proposal 2: If RA is successful before MAX_TRIES, MAC shall indicate RA success to RRC, if required
. If MAX_TRIES expires before RA success, MAC shall indicate RA failure to RRC for all cases except handover.

Proposal 3: MAX_TRIES >= PREAMBLE_TRANS_MAX.
Proposal 4: In case MAX_TRIES > PREAMBLE_TRANS_MAX, a new  preamble group selection is performed after every PREAMBLE_TRANS_MAX tries.

Proposal 5: For all  cases except handover, after RA failure is indicated by MAC to RRC, RRC starts the Radio Link Failure procedure (associated with timer T311). For handover, after T304 expires, RRC starts the Radio Link Failure procedure.
Proposal 6: We propose that timers T300/T301 be removed from the specification; instead RA procedure for RRC Connection Request and RRC Connection Re-establishment will be governed solely by a counter (MAX_TRIES). 

Proposal 7: UE may attempt multiple cell selections in T311.

Proposal 8:  After each such cell selection, the UE initiates RRC Connection Re-establishment with the selected cell if selected cell is a suitable E-UTRA cell. 
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� The RA procedure in the MAC associated with this RRC connection re-establishment shall be governed by MAX_TRIES counter. Currently, this is governed by timer T301
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