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1 Introduction
When multiple UEs simultaneously initiates random access procedures with the same Random ID, 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. This contribution summarizes the contention resolution procedures proposed for LTE. 
2 Contention Resolution in past Contributions

A scan through the RAN2 contributions submitted to RAN2#50 through RAN2 LTE Adhoc for contention resolution proposals reveals the following related contributions:
· R2-060380
“Initial Cell Access Procedure in LTE“

IPWireless
Discusses contention, contention probability and something that is called "contention resolution" in the contribution but is rather describing contention reduction (i.e. no definitive resolution).
· R2-060969
“UE Identity Handling in LTE”




Ericsson

Describes a procedure for contention resolution.
· R2-061404
“Feasibility of random access in E-UTRAN”


Ericsson

Includes description of a contention resolution procedure.
· R2-061866
“Non-Synchronized Random Access in E-UTRAN”
Ericsson

Details a contention resolution procedure. Suggests an early resolution message can be useful to enable failing UEs to retry without having to wait for a high and variable latency response from the aGW (LTE_IDLE-->LTE_ACTIVE transition case).

· R2-061881
“Random access procedures”



ZTE

Mentions a contention resolution procedure similar to the solutions described in R2-060969, R2-061404 and R2-061866 (but with no particular early resolution message).

· R2-061986
“Initial Access Procedure”



LG Electronics Inc.

Outlines and compares contention resolution mechanisms for 1-step and 2-step access procedures, respectively. The contribution also hints that a fast resolution is desirable and indicates that if a valid C-RNTI is available prior to the access (e.g. in RRC_CONNECTED), it should be indicated in the 1st scheduled uplink transmission and be echoed in the response to the UE for contention resolution. If a C-RNTI is not available (i.e. in LTE_IDLE), a new random value (or a value that would appear random [editors note]) could be provided to further resolve the contention, would the full UE_ID not fit in the message.

Few companies have as of today expressed their views on contention resolution in contributions. Those who have appear to agree that contentions should be resolved as early as possible and by providing a UE identity in the RA message for the case of UL synchronized RA and a UE identity on UL-SCH (first scheduled transmission) for the case of non-synchronized RA. Contention is resolved when the eNB echoes the unique UE identity in its response to the UE.

For non-synchronised RA in conjunction with IDLE-to-ACTIVE transition, views differ slightly on the need for echoing the UE identity before the UE has been authenticated by the MME. In the above contributions there is a bias toward resolving contention before the reply from the MME arrives; a reply which is by necessity asynchronous to the connection request and subject to variable and potentially high delay. At the Cannes meeting, the need for this type of early resolution was however, questioned.
3 Contention Resolution Considerations
An early resolution reduces the latency penalty associated with RA reattempts and thus would allow a higher RACH load (i.e. more efficient resource usage) without deteriorating performance. 
For early contention resolution in the case when a valid C-RNTI is not available prior to the random-access attempt, the inclusion of a random or pseudo-random identifier (distinct from the RA ID associated with the RA preamble) instead of a global UE identifier may reduce the size of the second UL transmission. The actual saving may depend on which protocol layer is responsible for contention resolution. The (pseudo-) random identifier enables further, although not full, resolution of the contention.
Note: The random-access collision probability is an important parameter which may influence design decisions. Currently, several significantly different collision probability measures are used, however ‎[2]

 REF _Ref144058428 \r \h 
‎[3].
4 Contention Resolution Scheme

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
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 Node B, the Node B can uniquely address the UE without first contacting the aGW. Thus, if a tight timing between events (3) and (5a) is maintained, 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. The use of contention resolution mechanism (5a) in IDLE(ACTIVE transition is FFS.
(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.
Note: If the UE supplies the eNB with a (pseudo-) random identifier instead of a Global ID for the early contention resolution at (5a), the sizes of the messages sent at (3) and (4a) may be reduced. Contentions would not be fully resolved, but they would be resolved with a high probability.
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.

5 Duration of Contention
This section provides a latency analysis for contention resolution in LTE. The latencies used in the calculations are taken from TR 25.912 ‎[1] and have been included in Annex for reference.
5.1 Contention resolution at IDLE(ACTIVE transition

Figure 2 shows the random-access procedure timing at transition from LTE_IDLE to LTE_ACTIVE. If contention is resolved at t5b, the contention resolution latency is:

T5bresolution = 33.25 ms + 2*TS1
If contention is resolved at t5a, the contention resolution latency is:

T5aresolution = 14 ms
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Figure 2: Random access procedure at transition from LTE_IDLE to LTE_ACTIVE.
5.2 Contention Resolution in RRC_Connected

Figure 3 shows the timing of a non-synchronized random-access procedure in RRC_CONNECTED. The contention resolution latency is:

T5aresolution = 14 ms
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Figure 3: Non-synchronized random-access procedure in RRC_CONNECTED.
6 Conclusion
It is proposed to discuss and clarify the above proposals in order to determine which contention resolution solution is appropriate for non-synchronized random-access in E-UTRAN.
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8 Annex
	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
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