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1
Introduction

This contribution describes high level principles behind the uplink random access channel (RACH) design using SC-FDM in E-UTRA Uplink. 
2
RACH design
RACH parameters are periodically broadcasted by Node B on the DL common control channel (CCCH) [1]. UE can transmit over RACH only after it achieves downlink synchronization and obtains the most current RACH parameters. 
In the proposed design, RACH is used for the following purposes:
1. Uplink Layer 1 synchronization 

2. Request uplink air link resource assignment

Due to the orthogonal nature of the uplink air interface, it is necessary that RACH resources be reserved and used only for access. Node B needs to semi-statically assign uplink resources for RACH and broadcasts such information to all UEs in its coverage area. 
Utilization of RACH is bursty and can be much lower than the utilization of the scheduled traffic data channel. However, RACH capacity needs to be sufficient to support fast access. Therefore, it is very important that the minimum time/frequency resources be assigned to RACH while ensuring short access delays. 
This leads to a design, wherein the information transmitted in the initial probe is minimized. It is important however that the initial probe be received with sufficient energy in order to be detected and provide for uplink Layer 1 synchronization.  Complete call flow is illustrated in Figure 1.
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Figure 1: Access procedure

As shown in Figure 1 information contained in the access probe consists of the following:
1. Random Id

a. Reduces probability that identical access probes from different UEs arrive at Node B at the same time

2. Downlink C/I
a. Enables power control of the access grant message sent on downlink in response of access probe 

3. Scheduling information (SI)
a. Enables scheduler to pick initial resource assignment
UE IDs, such as IMSI, tracking area ID (TA-ID), as well as any other Layer 2 or 3 information would not be included in the access probe. 
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An access probe consists of an access signature only. The access signature is selected from UE’s downlink C/I, scheduling information and a random number used to reduce possible collisions. Figure 2 illustrates possible scenarios and impact on Node B’s ability to separate probes arriving from different users. Before transmission, the access signature is scrambled by the corresponding targeted node B specific PN scrambling sequence
. Scrambling effectively provides destination addresses for the access. 
Figure 2: Access channel user separation

The Layer 1 initial access procedure is combined with an uplink resource assignment. Therefore, the Node-B responds to a successful uplink access probe by an access grant message that contains timing adjustment information.
The Node-B transmits an access grant on the downlink after successfully detecting an access probe. The access grant associated with the acknowledged access probe:

· Is scrambled with the PN sequence associated with PN sequence used for the access probe
· Has a fixed timing relationship with the access probe

· Conveys the UE MAC ID, uplink resource assignment and uplink timing adjustment to the UE

The access grant is protected with CRC.

2.1 RACH Multiplexing

As we mentioned above, in order to prevent undesirable interference, RACH resources need to be orthogonal to the scheduled data traffic. Options include frequency division multiplexing (FDM), time division multiplexing (TDM) and a hybrid, FDM/TDM combination and are illustrated in Figure 3, Figure 4 and Figure 5.
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Figure 3: FDM of RACH and scheduled data traffic
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Figure 4: TDM of RACH and scheduled data traffic

Figure 5: FDM/TDM of RACH and scheduled data traffic
The following RACH design tradeoffs need to be accounted for:
· RACH capacity must be large enough to provide for low collision probability 
· RACH slots need to be frequent enough to allow fast access

· RACH bandwidth need to be sufficiently large so that the impact of guard tones on total overhead is minimized

· RACH slot duration need to be sufficiently large so that the impact of possible guard interval (in addition to cyclic prefix) on total overhead is minimized
· In order to minimize guard overhead single RACH is desired 
The hybrid FDM/TDM option is particularly attractive since it allows flexible allocation of RACH capacity while minimizing guard overhead.

2.2 UE capability

The system bandwidth can span 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz or 20 MHz. The minimum UE bandwidth capability is to be studied, but it may not be as high as 20 MHz. It is conceivable that minimum UE capability be at least 5 MHz, if not larger. Therefore the restriction that has to be placed on RACH is that the maximum bandwidth RACH can occupy is:

· RACH bandwidth = min (System bandwidth, Minimum UE capability), where RACH is centred within the system bandwidth.

UE learns RACH location from the systems parameter’s message broadcasted over common control channel (CCCH). Node B has freedom to not to allocate RACH bandwidth centred within the system bandwidth. However, any offset from the centre would effectively reduce the maximum RACH bandwidth so that the following restriction is satisfied:

· RACH bandwidth = min (System bandwidth, Minimum UE capability- OFFSET), where OFFSET corresponds to distance between RACH centre and system bandwidth centre.
2.3 Access probe sequence

The access probe is transmitted in a sequence until the Node B confirms its reception with the access grant message. The time between successive probes is configurable and it is referred to as an access cycle duration. Each new probe in a sequence is transmitted with increased power. 
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If the access grant is not received after maximum number of probes has been transmitted, denoted as Np, UE backs off and repeats the procedure after resetting the power to the initial value. Maximum number of sequences is denoted as Ns. Before starting a sequence, depending on a scenario, UE may run p-persistence algorithm. Figure 5 illustrates the timeline and power level of the access probes.
Figure 6: Access probe sequences     

3 Summary
The principles of our proposed RACH design are:

· Short signature conveying limited information from UE to Node B. 
· Identification and authentication being performed on the scheduled traffic channel

· Layer 1 synchronization is combined with UL resource allocation

The above characteristics for random access are recommended to be captured into [2].
------------------------------------------------ Begin Text Proposal ------------------------------------------------------------------

9.1.2.1

Random Access Procedure
…

When UE is not uplink time synchronized, UE access the system on the random access channel (RACH) for the following purposes:

1. Uplink Layer 1 synchronization 

2. Request of uplink air link resource assignment

The principles of RACH design are:

1. Short signature conveying limited information from UE to Node B. 

2. Identification and authentication being performed on the scheduled traffic channel

3. Layer 1 synchronization is combined with UL resource allocation

RACH load should be minimized and for this reason it is desirable that the access probe consists of access signature only and no Layer 3 message part. In order to enable multiple UEs to access the system simultaneously, UE should be able to choose an access signature from a pool of sequences. Limited Layer 2 information could be conveyed from UE to Node B, but only through the selection of the access signature. Such information could include

1. Random Id

a. Reduces probability that identical access probes from different UEs arrive at Node B at the same time

2. Downlink C/I

a. Enables power control of the access grant message sent on downlink in response of access probe 

3. Scheduling information (SI)
b. Enables scheduler to pick initial resource assignment

In addition Node B addressing should be done with PN scrambling
. 

Transmit power for the initial probe should be based on the open loop estimate, derived from the filter received downlink common pilot power. Access probe can be repeated if UE does not receive acknowledgment from UE. To improve probability of successful reception, the transmit power of the subsequent probes should be increased. 

RACH resources need to be orthogonal to the scheduled data traffic. Multiplexing options include frequency division multiplexing (FDM), time division multiplexing (TDM) and a hybrid, FDM/TDM combination and are illustrated in Figure 9.1.2.1‑1, Figure 9.1.2.1‑2 and Figure 9.1.2.1‑3.
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Figure 9.1.2.1‑1: FDM of RACH and scheduled data traffic
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Figure 9.1.2.1‑2: TDM of RACH and scheduled data traffic
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Figure 9.1.2.1‑3: FDM/TDM of RACH and scheduled data traffic

The following RACH design tradeoffs need to be considered:

1. RACH capacity must be large enough to provide for low collision probability 

2. RACH slots need to be frequent enough to allow fast access

3. RACH bandwidth need to be sufficiently large so that the impact guard tones on total overhead is minimized

4. RACH slot duration need to be sufficiently large so that the impact of possible guard interval (in addition to cyclic prefix) on total overhead is minimized

5. In order to minimize guard overhead single RACH is desired 

The hybrid FDM/TDM option is particularly attractive since it allows flexible allocation of RACH capacity while minimizing guard overhead.

The system bandwidth can span 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz or 20 MHz. The minimum UE bandwidth capability is to be further studied, but it may not be as high as 20 MHz. It is conceivable that minimum UE capability be at least 5 MHz, if not larger. Therefore the restriction that has to be placed on RACH is that the maximum bandwidth RACH can occupy is:

· RACH bandwidth = min (System bandwidth, Minimum UE capability), where RACH is centred within the system bandwidth.

UE learns RACH location from the systems parameter’s message broadcasted over common control channel (CCCH). Node B has freedom to not to allocate RACH bandwidth centred within the system bandwidth. However, any offset from the centre would effectively reduce the maximum RACH bandwidth so that the following restriction is satisfied:

· RACH bandwidth = min (System bandwidth, Minimum UE capability- OFFSET), where OFFSET corresponds to distance between RACH centre and system bandwidth centre.

-------------------------------------------------------------- End Text Proposal ------------------------------------------------------
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� Scrambling sequence can also be UE specific.


� Scrambling sequence can also be UE specific.
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