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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. Initial and random access procedures are closely coupled to the existence and usage of a RACH and handling of UE identities. This contribution proposes efficient procedures for initial and random access which combines low RACH resource usage with efficient contention resolution and UE identity handling. Further details on the RAN1 specific issues are also discussed in [1].
2. Initial Access in LTE_Detached

Transmitting user data on a non-synchronized uplink is not spectrally efficient. Furthermore, the amount of information that can be transmitted in a random access burst is limited as the link budget must also allow for large cells and poor propagation conditions. Therefore, it is proposed to separate the transmission of the random access burst, whose purpose is to obtain uplink synchronization, from the transmission of the information necessary to connect to the system. In the first step, the UE obtains uplink synchronization and is assigned resources for uplink transmission. In the second step, the UE transmits the necessary information to set up the connection (RRC connection request message) on the scheduled resource. This is illustrated in Figure 1.
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Figure 1: Random access in LTE_Detached 
2.1. Step 1 – Random Access for Timing Alignment
Note that the primary usage of the random access is to handle lack of timing alignment in the uplink. Signaling to request uplink resources for scheduling purposes (‘scheduling request’) when the uplink is timing aligned may use a different (and more efficient) procedure, see Section ‎4.1
In the first step, the UE transmits a preamble. Prior to a random access attempt, the UE should synchronize to the downlink timing (1 in Figure 1) such that the guard time TGP only need to cover the initial timing misalignment of the uplink transmission. The random access burst structure is further discussed in [1]

The Node B will correlate the received signal with the set of possible sequences in a cell (3). In response to the preamble (if detected), the Node B will transmit a response (4), including the ID of the signature the UE selected, information to adjust the uplink timing, and an uplink resource allocation used for transmitting the message part. Note that an acknowledgement indicator channel (AICH) may not be necessary. The information could instead be transmitted as a MAC message in the same way as data transmission. Alternatively, the control channels used for scheduling control could be reused to convey the information.

A tight relation between the timing of the random access preamble and the related response signaling could be defined (as is the case for the AICH in WCDMA) to allow for the UE to rapidly detect situations when the Node B did not acknowledge the random access attempt. In this case, the UE has to repeat the random access attempt at a later point in time.
Since the random access procedure does not carry data, only a minimum of resources need to be reserved for the RACH and the amount of resources available for the more efficient scheduled transmissions is maximized.

2.2. Step 2 – L2 Scheduling Information or Message

Once the UE has received the acknowledgement from the Node B and adjusted its uplink timing (5), the remaining signaling required for connection setup is transmitted on the assigned resources in a synchronized fashion using the same procedures as normal data transmission (6). The contents of this signaling could for example be an ‘RRC connection request’ message or L2 Scheduling Information. Depending on whether the UE previously has been assigned an ID by the network or not, the details of the signaling varies, see Section ‎3.

In response to a ‘RRC connection request’, the network can respond with a ‘RRC connection setup message, using the shared downlink channel (8).  If such a response is not received within a certain time, the UE may declare a random access failure and return to step 1 above.
Contention free transmissions are significantly more spectral efficient than contention based transmissions and should therefore be preferred whenever possible.

2.3. Identity Handling
To achieve high spectral efficiency and good privacy protection it is desirable to define a number of different types of UE IDs with different properties.

From core network point of view, UEs need to be uniquely identified with a preset global ID. This can be done with, for instance, IMSI or IMEI. For privacy reasons, it is, however, desirable to be able to hide this static identity from the RAN. To this end, temporary identities (such as U-RNTI or/and P-TMSI) are assigned to the UEs by central nodes. The static UE identity is used only during the initial access. After the initial access, temporary identities will be used.
From a radio interface point of view, IDs should be as short as possible to minimize transmission overhead. Since a Node B only needs to distinguish between users in a single cell, the global IDs are unnecessarily long and should be mapped to shorter cell-specific IDs to limit the overhead. The Node B, therefore, assigns a medium sized temporary cell specific identity (similar to C-RNTI) to each UE connected to the cell controlled by the Node B. This is the identity used for normal scheduling requests and scheduling.

In the random access procedure UEs which may simultaneously attempt to access the RACH are distinguished and identified by means of signatures. The number of available random access identities or signatures should be selected to obtain reasonably low probability of collisions and/or high probability of fast detection of collisions, but at the same time kept small to limit the number of sequences with which the signature needs to be correlated. It is clear that the number of signatures will be significantly smaller than both Global IDs and cell specific IDs. Further, cell specific IDs are not available at initial access and derivation of random access IDs from global IDs may be undesirable from a privacy point of view. Therefore, the UE is assumed to identify itself in a random access procedure by autonomously and in a random fashion picking a signature from a small set of signatures. The randomly chosen signature is referred to as the Random ID.

Although the probability is small, two or more UEs may simultaneously choose the same Random ID. A contention resolution mechanism ensures, however, that such a collision will be resolved and the UEs who did not succeed shall restart the random access procedure, see Section Error! Reference source not found..

The identities described above are summarized in Table 1.

Table 1: Summary of UE identities in LTE
	
	Size
	Examples
	Allocation
	Assigned by
	Main Usage

	Global IDs
	Long
	IMSI/IMEI
	Static
	Operator
	Connection Establishment (authentication and contention resolution)

	
	Long
	U-RNTI/P-TMSI
	Temporary
	ACGW
	L2/L3 for “anonymous” interaction with ACGW

	Cell specific ID
	Medium
	C-RNTI
	Temporary
	Node B
	L1/L2 for scheduling etc

	RACH ID
	Very short (e.g. 4 bit)
	RACH preamble signature
	Randomly selected
	UE
	L1 Random Access Procedure


2.4. Contention Detection and Resolution

When multiple UEs simultaneously try to access the RACH 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.

Figure 2, 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 in the response at point (5a) if the UE is known on cell level or its own Global ID at point (5b) if the UE is not known on cell level.

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), (5) and (6) in Figure 2.
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Figure 2: Random Access signaling sequence.

 (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) and (5b): If the UE detects a response to (3) which does not contain either its unique cell specific ID (5a) or Global ID (5b), the UE shall conclude that a retry is needed.

(5a): When the UE is known on cell level (i.e., is RRC connected and has a unique cell specific ID), the Node B can uniquely address the UE without first contacting the ACGW. Thus, if a tight timing between events (3) and (5) is maintained, the absence of a response to (3) allows the UE to infer that it was not successful and has to retry.

(6): When the UE is not known on cell level (i.e., does not yet possess a unique cell specific ID), the Node B may contact the ACGW before uniquely addressing the UE. Hence, a synchronous relation between (3) and (5b) may not be sustained. Instead the expiry of a “failure” timer shall be used to indicate 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. Access in LTE_Idle

The access procedure from LTE_Idle is very similar as the initial access procedure from LTE_Detached. The same steps, i.e. the preamble step to achieve time synchronization and the message transmission step to send the actual RRC message needs to be performed.
The main difference for access from LTE_Idle is that in (6) in Figure 1 a Cell Update Message is transmitted instead of an RRC connection request message. Similarly in (7) the ACGW responds with a Cell Update Confirm message instead of an RRC connection setup message. The global ID used in (6) and (7) also consists of e.g. the U-RNTI (or corresponding network assigned ID) in case of random access from LTE_Idle.

4. Access in LTE_Active

When the UE is in LTE_Active state and needs to transmit uplink data one needs to distinguish between three cases
a. The UE is time synchronized and has a valid scheduling grant

b. The UE is time synchronized but has no valid scheduling  grant

c. The UE is not time synchronized

In case a) where the UE is time synchronized and has a valid scheduling grant the UE can transmit data using scheduled resources on the UL-SCH. This case is not discussed further in this document.

The cases b) and c) requires slightly different procedures and these are discussed in the following subsections

4.1. Access in LTE_Active (time synchronized UEs)

When the uplink is already timing aligned, a simplified access procedure which does not involve random IDs may be used. Since the UE is already time synchronized the UE only needs to make the network aware of that it needs to transmit uplink data and receive a scheduling grant to be able to transmit on scheduled resources. Two alternative procedures are outlined in Figure 3.
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Figure 3 Access in LTE_Active for time synchronized UEs (without scheduling grant)
Alternative 1
The UE transmits a (single bit) L1 scheduling request on a physical channel to request an initial scheduling grant (1).  The UE is identified for instance by scrambling the scheduling request with a UE-specific ID (e.g. C-RNTI) which is unique on cell level, see Section ‎2.3. When the Node B receives the L1 scheduling request it issues a scheduling grant to the UE (3), which allows the L2 scheduling information to be transmitted. The UE then proceeds by transmitting a more elaborate L2 scheduling information on scheduled resources (5). Depending on the size of the scheduling grant the UE may also include some user data.

Collisions of scheduling requests may occur, but the use of UE-specific IDs instead of random IDs significantly reduces the risk and fully eliminates the ambiguity of which UE tried to access the system. It is also possible to design a L1 signal with high processing gain which may make it possible to receive the scheduling request also when it collides with user data transmission.
Alternative 2

A second alternative is to rely only on a L2 scheduling information message. Since the UE does not have a valid scheduling grant the L2 scheduling information needs to be transmitted in a contention-based manner. 

Every time the UE needs to send data and no valid grant is available, it transmits the L2 scheduling information (containing information such as data priority, traffic volume etc) on RACH. When a scheduling grant is available, e.g. during ongoing transmission, the scheduling grant is appended to the regular data transmissions on the uplink shared channel.

The advantage with this alternative is that the scheduler already from the beginning has information that supports the scheduling decision, e.g. allows scheduling only of high priority services. The drawback is that the contention based RACH transmissions will require a lot of resources if the collision probability should be kept low. As one of the reasons for using an orthogonal uplink scheme is to reduce intra-cell interference, semi-statically allocating separate resources for the contention-based L2 scheduling information, either in time or frequency, may be preferable. This could lead to inefficient resource usage in the uplink and/or increased delays in transmission of the scheduling information

4.2. Access in LTE_Active (non synchronized UEs)

Time synchronization in LTE_Active can only be maintained if the UE regularly transmits in the uplink and receives time adjustment commands from the network. After a data transmission has ended the synchronization can artificially be maintained by forcing the UE to transmit e.g. dummy data at regular time intervals. However, there may still be situations where it is beneficial not to transmit in uplink to achieve efficient power saving while still maintaining the UE in LTE_Active to assure a fast access to the system. In this situation the access procedure must first obtain time synchronization as outlined in the Figure below.
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Figure 4 Access in LTE_Active for non-synchronized UEs
The UE first needs to obtain time synchronization by performing the RACH procedure (1)-(4) in the same was as for initial access from LTE_Detached. If the UE is known in the cell it however does not need to communicate with the ACGW. Note however that even if the UE has been allocated a cell specific ID it is still proposed to use a shorter random ID in step (1) in order to reduce Node B complexity. In (5) the UE transmits a L2 scheduling information (and potentially data if the scheduling grant allows). The Node B responds with a scheduling grant (7) and the UE starts to transmit uplink data in a scheduled manner (9).
5. Summary and Conclusions
Efficient contention resolution and identity handling enables the separation of data transmissions from the random access channel while maintaining low latency. This is desirable since the efficiency of contention based transmissions is quite limited. The proposed solution makes all data transmissions in a contention free (scheduled) fashion.

6. Proposal
It is proposed to discuss the outlined access mechanisms and if possible agree on the relevant parts. In particular we propose to agree on the following bullets and capture the agreed points in the RAN2 TR.

1. The random access procedure used to obtain time synchronization can only carry very limited information, potentially only a random ID

2. The transmission of the complete scheduling information (priorities, buffer sizes, potentially other QoS information) shall not be transmitted in the random access procedure due to high resource usage.

3. All L3 messages and user data are transmitted as scheduled transmissions

4. The same random access procedure for obtaining time synchronization should be used both for initial random access in LTE_Detached, random access in LTE_Idle and random access for non synchronized UEs in LTE_Active. The used UE id and the message transmission part is however different for the different scenarios.

5. Contention based transmission is also needed for UEs that are time synchronized but do not have any valid grant in LTE_Active. The exact mechanism to transfer the scheduling information (L1 or L2 transmission) is FFS.
6. For access in LTE_Detached and LTE_Idle the ACGW is involved whereas access in LTE_Active is handled between the UE and Node B.
7. Further it is proposed to capture Figure 1 in section 2 into the TR.
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