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1 Introduction

In previous RAN2 meetings, initial and random access procedures for LTE have been discussed and found to be an area needing better understanding.

This contribution presents procedures for contention detection and resolution and assesses their performance with respect to the Control Plane latency requirements of TR 25.913 ‎[1] and RA resource allocation efficiency. 
2 Random Access in LTE

As agreed in TR 25.912 ‎[2], UL transmissions in LTE should be inter-user orthogonal. This is equivalent to the requirement that uplink transmissions be mutually time aligned (henceforth refered to as synchronized) and scheduled. When a UE has no dedicated UL resources, resources are requested by means of Random Access. Since the UL transmission timing of the UE needs to be synchronized to the eNB, we distinguish between
· non-synchronized random-access for the case when the UE needs to align its timing and
· synchronized random-access for the case when the UE timing is already aligned.

In this contribution we focus on the non-synchronized random-access case. At the joint RAN1/RAN2 meeting in Cannes, June 2006, it was agreed that the non-synchronized random-access preamble in LTE can carry 4-6 bits of implicit information.
2.1 Contention Detection and Resolution for Non-Synchronized Random-Access
When multiple UEs simultaneously initiates random access procedures on the same resource, a collision occurs and at most one of the accesses can be detected; i.e. multiple UEs contend for the same resource, but only one may successfully use it. To resolve this situation, the system must provide a means for all contenders to detect the outcome of the collision. The UE whose access was detected must be identified and informed about its success and the UEs whose access attempts were not detected must be able to detect their failures and then retry.

The procedure varies slightly depending on whether a UE is known on cell/eNB level or not. If the UE is not known on in the eNB, e.g. when in the LTE_IDLE state, the Core Network needs to be contacted, at some point, to verify the identity of the UE. This is not necessary when information about the UE is already available in the eNB, i.e. when in LTE_ACTIVE.
Figure 1, illustrates the steps of signaling in the access procedure for the cases when the UE is: a) known on cell level (i.e., has a cell specific ID) and b) not known on cell level (i.e., does not yet have a cell specific ID), respectively. The success of an access attempt can be detected by the UE identifying its own unique cell specific ID or Global ID in the response at point (5a) or (5b).

To minimize latency, contention should be detected as quickly as possible. To this end, detection criteria may include both synchronous and asynchronous events. Synchronous events have the advantage that not only the events, but also the absence of the events can be used for detection of contention. Contention which results in the UE having to retry the random access procedure may be detected at points (3), (5a), (5b) and (X) in Figure 1.
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Figure 1: Access-procedure signalling.
(3): With a tight timing relationship between the random access burst (1) and the uplink grant (2), the absence of an expected uplink grant (3) shall lead the UE to infer that the access attempt was not detected by the Node B and prompt the UE to retry.
(5a): When the UE is known on cell level (i.e., is RRC connected and has a unique cell specific ID) or has indicated its Global ID to eNB, the eNB can uniquely address the UE without first contacting the aGW. Thus, if a tight timing between events (3) and (5a) can be achieved the absence of a response to (3) allows the UE to infer that it was not successful and has to retry. 
(5a) and (5b): If the UE detects a response to (3) which does not contain either its unique cell specific ID or Global ID, the UE shall conclude that a retry is needed. 

(X): In case neither success nor failure is detected at (3), (5a) or (5b) a “failure” timer shall be used to protect the UE from waiting indefinitely for the asynchronous (5b) which may have passed undetected. Expiry of the “failure” timer indicates that the response was, with a high probability, lost and a retry is needed.

Following a failed random access attempt, the UE restarts the random access procedure after a back-off time.

The success and failure detection rules above, ensures that only one of the UEs which chose the same Random ID gets access to the system.
3 Latency
3.1 Requirements and Delay Assumptions
TR 25.913 ‎[1] states that transitions from LTE_Idle to LTE_Active should be possible in less than 100 ms and that going from “Dormant” to Active should possible  in less than 50 ms, ‎[1]. The transitions involve random access procedures to obtain UL synchronisation/scheduling grants and other signalling, both of which depends on the state.
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Figure 2: State transition requirements.
In the following, it is assumed that node processing and signalling delays are those described in Section 13.2 “C-Plane Latency” in TR 25.912 ‎[2] and that random access sub-frames of 0.5 ms are available every 10 ms resulting in an expected waiting time of 5 ms for the next random access sub-frame (with a uniformly distributed access pattern). A summary of the parameters is provided in Annex A.
3.2 Access from LTE_IDLE

Figure 3 illustrates the timing for the random-access procedure at transition from LTE_IDLE to LTE_ACTIVE. The dashed arrow indicates an “early resolution” message, the objective of which is to speed up contention resolution and thereby allow UEs which lose the contention to retry earlier.
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Figure 3: LTE_IDLE to LTE_ACTIVE signaling chart.
Without the “early resolution” message the contention resolution latency becomes

T5bresolution = 33.25 ms + 2*TS1,

which would not leave much room for reattempts, would the UE lose the contention. With the “early resolution” message, however, the contention resolution latency becomes

T5aresolution = 14 ms,

which would allow the UE to repeat the random-access procedure and still meet the latency requirement.

3.3 Access from LTE_ACTIVE (non-synchronized)

Figure 4 illustrates the timing for non-synchronized random access from LTE_ACTIVE. 
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Figure 4: LTE_ACTIVE, "Dormant" to "Active" signaling.
Here the contention resolution latency is

T5aresolution = 14 ms.

4 Discussion and Conclusion

To minimize latency, contention should be detected as quickly as possible. To this end, detection criteria may include both synchronous and asynchronous events. Synchronous events have the advantage that not only the events, but also the absence of the events can be used for detection of contention. Further synchronous events do not need timers.

By including an “early resolution” message in the random-access procedure from LTE_IDLE, random-access from LTE_IDLE can achieve contention resolution latency on par with random-access from LTE_ACTIVE. Early contention resolution reduces the latency penalty associated with RA reattempts and thus, would allow higher RACH utilization without deteriorating performance. 
When considering the collision probability on the RACH, an appropriate collision probability measure which captures the UE perspective should be used. We believe that the collision probability measure used in e.g. contribution R2-061990 ‎[4] underestimates the UE-perceived collision probability, see Annex B.

5 Proposal

It is proposed that RAN2 discusses the contention resolution mechanisms and considerations proposed in this contribution and that the agreeable parts are captured in the LTE Stage 2 TS.
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Annex A

	Description
	Duration

	RA opportunity delay (expected waiting time)
	5ms

	RA preamble
	0.5ms

	RA response delay (end of RA preamble ( reception of scheduling grant)
	3ms

	TTI
	0.5ms

	Radio Interface frame alignment (expected delay)
	0.25ms

	S1 transfer delay
	TS1 (1ms – 15ms)

	UE processing delay
	C-plane
	3ms

	
	U-plane
	1ms

	
	L1 only (e.g. coding according to received grant)
	0.5ms

	eNB processing delay
	C-plane
	4ms

	
	U-plane
	1ms

	MME processing delay
	NAS processing
	5ms

	
	context retrieval, NAS processing
	15ms


Annex B

When considering the collision probability on the RACH, it is important to use an appropriate collision probability measure. For assessing the ill associated with random-access collisions, it is natural to consider the collision probability from a UE point of view; i.e. what is the probability that a UE will experience a collision, given that the UE will perform a random access ‎[3]. Assuming, for simplicity, Poisson arrivals with a mean of G access attempts per access opportunity, this collision probability can be written
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To consider the collision probability from a slot occupation perspective, i.e. what is the probability that an arbitrary random-access opportunity is used by more than one UE, would underestimate the collision probability seen by the UE. The “slot” collision probability, which was used in contribution R2-061990 ‎[4], is
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The difference is mainly due to the “slot”-perspective including empty slots in the measure whereas a slot where a UE has decided to perform random access is per se never empty. Figure 5 illustrates the difference.
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Figure 5: Comparison of Collision Probability Measures
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