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1
Introduction
In [1], a work item was approved to enhance the uplink (also referred to as E-RACH in this document), when the UE is in CELL_FACH state. As stated in [1], the objectives of this work item are to provide necessary modifications to random access in the 3GPP specifications by:
· Reducing the latency of user and control plane in the IDLE mode, CELL_FACH, Cell_PCH and URA_PCH state. 

· Increasing the available peak rate for UEs in CELL_FACH state by direct HSUPA access in CELL_FACH state.

· Reducing state transition delay from CELL_FACH, CELL_PCH and URA_PCH state to CELL_DCH state.
Using the enhanced packet channels from EUL could help address the above objectives. For example:

· Peak rates can easily be achieved by using larger transport block sizes available on E-DPDCH.

· By allowing a UE to use the E-DCH, shortly after an access preamble was sent could avoid the need for a lengthy synchronization period when the UE transitions from CELL_FACH to CELL_DCH as is the case today. 

· Furthermore, due to the H-ARQ and fast closed loop power control feature available in enhanced uplink, the latency and reliability of the access message could be further improved. 
· The above 2 points reduce the state transition delay as well as reduce the latency of the user and control plane in IDLE, CELL_FACH, CELL_PCH, and URA_PCH modes.

In this contribution, we discuss the Layer 1 aspects relevant to E-RACH, as well as L1 requirements from the upper layers. Call flow diagrams are used to demonstrate the key differences between using the original RACH procedure and the E-RACH based procedure.
2
E-RACH High Level Design
The E-RACH procedure is intended to improve the transmissions of PRACH messages. In that regard, we do not see a need to modify the existing RACH procedure relevant to access slot determination nor do we see a need to modify the current procedure to send access preambles and receive the AICH.
Our focus is on enabling the operation of enhanced uplink to carry the PRACH message in the procedure from the time the access preambles were successfully detected. Figure 1 illustrates a potential design option to enable HS-PRACH.
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Figure 1: A Potential Solution to E-RACH
As seen in Figure 1, the solution involves the following steps:
· The UE sends access preambles The NodeB, upon successful detection of the PRACH preamble, sends AICH to the UE. These steps are identical to the original physical random procedure.

· The NodeB, in response to the access preamble also begins the process of allocating uplink resources, necessary for the UE to transmit PRACH messages on the enhanced uplink. These resources have been pre-allocated by the RNC to the NodeB. Furthermore, the RNC could have been pre-allocated ahead of time, the DCCH radio bearers on the Iub interface corresponding to these resources. The UL resource allocation message will be a new MAC layer message and will be sent on the DL on the HS-PDSCH. 
· The UE in response to the UL resource allocation message, will now transmit it’s UE identity (IMSI/TMSI) and the SI information to the NodeB on the E-DCH. The UE identity will help bind the E-RNTI granted to the UE by the NodeB as part of the allocation message to the UE’s identity. 

· The NodeB will now perform the task of collision detection and avoidance. If it detects no collision, it will send back an L2 message acknowledging that UE’s identity, i.e. the UE’s identity will be sent back as part of the acknowledgement message. If it detects a collision, it may decide to send an acknowledgement to only one of the UE’s.
· The UE in the meanwhile starts a timer, and waits for the DL L2 acknowledgement message that carries it’s identity. If the identity matches, then it waits for a scheduling grant sent on the E-AGCH by the NodeB to the UE.

· Upon receiving the grant on E-AGCH, the UE is now capable of sending data on the control plane to the RNC on the E-DCH.

· The NodeB also notifies the RNC that UL resources were allocated to this UE, along with it’s UE identity.

· From thereon, the procedure is transparent to the E-RACH procedure.

· The NodeB sends grants E-AGCH, E-RGCH and ACK/NACK feedback on the E-HICH as is normally done for the enhanced channels in CELL_DCH .
· The UE begins to transmit CQI and ACK/NACK information on the HS-DPCCH channel.
· If the NodeB detects that the UE no longer needs to send data (via SI information), it may decide to de-allocate resources and notify both UE and the RNC.
· On the other hand, if the NodeB detects that the UE is still actively transmitting data on the uplink, beyond a certain time (via a timer), it may notify the RNC about this event and the RNC then will inform the UE to switch to CELL_DCH state. In that case, the RNC may provide the NodeB an additional set of uplink resources to be added to it’s pool of resources for future PRACH transmissions.
· When transitioning to CELL_DCH state, it should be ensured that no interruption happens on layer one, since the radio bearers have already been set up. Otherwise this will contradict the objectives of the work item, namely reducing call-setup delays and latency of the user and control planes.
3
Access Preambles/Signature Sequences

Even though we propose not modifying the initial part of the physical random access procedure, there is a need to distinguish between the legacy UEs and UE’s capable of E-RACH. A couple of approaches exist:
· The E-RACH capable UEs use a different access preamble code than the legacy UEs.

· Both E-RACH capable and legacy UEs use the same access preambles, but the E-RACH capable UEs use a different set of signature set sequences. For example, 8 signature sequences are allocated to E-RACH capable UEs and the remaining 8 UEs are allocated to the legacy UEs. If this approach were adopted, a careful study should be performed on access collisions.

4
NodeB based Uplink Resource Allocation 
From a Layer 1 perspective, as part of the Uplink Resource Allocation, the following resources will need to be provided by the Node B to the UE:

· E-RNTI 

· Uplink DPCH Info 

· Scrambling Code Type 

· Scrambling Code Number 

· E-DCH Info 

· E-DPDCH Info 

· E-DPCCH Info 

· E-AGCH Info 

· E-RGCH Info 

· E-HICH Info 

· F-DPCH 

· Maximum UL Tx Power

· TTI to use (2ms or 10ms)

This may be achieved via a new DL MAC control message sent on HS-DSCH. These resources would need to be pre-allocated by the RNC to the NodeB. In addition the RNC could set up Iub bearers (DCCH) that correspond to these resources ahead of time, with the objective of reducing call setup delays and latency.
5
E-DCH TTI

Since E-DCH possesses the feature of closed loop power control and H-ARQ, both 2ms TTI and 10ms TTI should be considered for E-RACH. The 2ms TTI feature lends itself readily to the objective of reduced latency as well as higher peak rates. As part of the UL resource allocation procedure, the NodeB will decide which TTI the UE will use, and communicate this information to the UE as part of the UL resource allocation message. This in turn implies that an E-RACH capable UE will support both 2ms and 10ms TTI.
6
Maximum TBS and Number of E-TFC

In [1], a use-case for using E-RACH, was the requirement to transmit an HTTP request message of size 500 bytes. Assuming a delay budget of 80 ms, some options to dimension the transport block size are as follows:
· 2ms TTI, 8 H-ARQ processes, 4 target transmissions

· TBS = 500 bits sent in each H-ARQ process

· TBS = 1000 bits sent in 4 H-ARQ processes

· TBS = 2000 bits sent in 2 H-ARQ processes

· TBS = 4000 bits sent in 1 H-ARQ process

· 10ms TTI, 4 H-ARQ processes, 4 target transmissions

· TBS = 1000 bits sent in each H-ARQ process

· TBS = 2000 bits sent in 2 H-ARQ processes

· TBS = 4000 bits sent in 1 H-ARQ processes

From the above dimensioning and message size and delay budget constraints, a cell-edge or coverage limited user would need to support a target data rate of 64kbps using 2ms TTI, or a target data rate 50 kbps using 10ms TTI.

Also, when selecting a maximum payload size, although the feature of power control and H-ARQ exists on the E-DCH, the lack of macro diversity could impact capacity at neighboring cells as well as introduce coverage limitation. A careful system study should be performed in this regard before deciding on the maximum payload size.

Furthermore, there is an opportunity to reduce the number of E-TFC when using E-DCH for the purpose of PRACH messages for the following reasons:

· There are not many different transport block sizes typically used on the existing PRACH. For example, we could still support the legacy payloads of 168 bits and 360 bits and add 2 more payloads of size say 500 bits and 1000 bits for the 2ms TTI.

· In general, a reduction in E-DPCCH overhead channel link requirement will help UL system performance (capacity and coverage).

· The NodeB’s E-DPCCH processing complexity would be comparable with the existing decoders used to decode TFCI bits on the PRACH channel.

In  [2] and [3], an improved E-DPCCH encoding scheme makes use of a reduced set of transport block sizes i.e. instead of using 128 possible transport block sizes on E-DCH. This scheme is backward compatible and demands less processing requirement. We propose that a similar encoding scheme be considered for the enhanced uplink for CELL_FACH work item.
7
NodeB based Collision Detection and Resolution
A collision on the PRACH occurs, when 2 UEs transmit at the same time on the same signature sequence. For the purpose of collision detection, the following procedure could be adopted:

· The UEs initially transmit their UE identity (IMSI/TMSI) via a Layer 2 (MAC) message. 

· The UE starts a timer upon sending this message. 

· The UE also sends scheduling information (SI) to the NodeB. This could be sent along with the above UE identity or in a separate message.

· If no collision occurred, the NodeB then sends a Layer 2 (MAC) message containing the UE’s identity in this message. This would then signal to the UE that collision did not occur and it could begin transmitting data.

· If the UE did not receive an acknowledgement by a certain timer (after the timer expires), it exits the physical random access procedure and starts all over again.

8
NodeB based Grants and Feedback

Once the enhanced uplink channel is established, the NodeB will treat this user as any other enhanced uplink channel in CELL_DCH state. Grants will be sent via E-AGCH and E-RGCH and ACK/NACK feedback will be sent on the E-HICH.
A key drawback of enhanced uplink operation is the lack of macro-diversity. During HS-PRACH, since the UE is not in soft handover, it does not obey any power control or rate control commands (via E-RGCH) from the non-serving cells. This in turn could lead to a temporary impact on capacity at the neighboring cells due to such UEs.

9
NodeB based Uplink Resource Release
An uplink resource release may occur, if the NodeB senses inactivity on the user’s uplink channel. In that case, it will send a Layer-2 (MAC) Uplink Resource Release message to the UE. The UE will acknowledge this message via another Layer-2 message and then release the uplink channel resource.
10
NodeB/RNC exchange when UE transitions to CELL_DCH

The UE may perform a random access with the intent to transition to CELL_DCH in many cases. For example, the cause may be a voice call. In that case, a few options exist:

· The RNC may notify the NodeB to release the resource back into it’s pool of available resource. It then sends a separate RADIO BEARER SETUP message to the UE. In such a case, UE behavior should be such that there is no interruption on the physical layer due to the fact that the UE has already established a successful connection with the NodeB.
· The RNC may decide not to send a RADIO BEARER SETUP message to the UE. Instead, it may request the NodeB to give up control of this resource and provide the NodeB a new resource to it’s pool of available of resources. In that case, the NodeB will still continue to send scheduling grants to this UE. 

11
Call Flow Diagrams

In this chapter, we highlight how the enhanced uplink operation would be operated in common call flow diagrams. Comparisons are made against the reference cases which allow the UE to use the existing PRACH channel to send messages on the uplink in CELL_FACH state. Specifically, Figures 2 and 3 address a call flow diagram for the Mobile Originated Call case whereas Figures 4 and 5 address a call flow diagram for a short data message transfer between UE and NodeB in CELL_FACH state.
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Figure 2: Call Flow Diagram- Mobile Originated Call using existing PRACH procedure
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Figure 3: Call Flow Diagram- Mobile Originated Call using E-RACH procedure
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Figure 4: Call Flow Diagram- Short data message transmission using existing 
RACH procedure in CELL_FACH state
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Figure 5: Call Flow Diagram- Short data message transmission using 
E-RACH procedure in CELL_FACH state
12
Conclusion
In this contribution, we have addressed some of the high level design aspects, both from a Layer 1 and Layer 2 perspective to allow for the operation of the enhanced uplink in the CELL_FACH state. 
Traditionally, PHY resources are managed by the RRC layer in the RNC. However, the delay associated with multiple message exchanges between the NodeB and the RNC makes the general “access time” for UEs in CELL_FACH rather long. 

In order to improve in this front, a candidate design was presented and discussed, where a new MAC entity in the NodeB is allowed to manage PHY resources for DL and UL.

The issue of TTI length for the use of E-DCH while in CELL_FACH as well as number of E-TFC(s) was also addressed. 
In summary, we see highly desirable and, more importantly, feasible to achieve all the objectives stated in [1]. Call flows were presented highlighting how one could enable achieving these objectives for some common scenarios such as mobile voice call setup and short message exchange.
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