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1
Introduction

In RAN#51 plenary meeting, a new Rel-11 WI of Further Enhancement to CELL_FACH was agreed aiming at improvements in resource utilization, throughput, latency and coverage [1]. In particular, the following improvement areas are identified:

· Support concurrent deployment of 2ms and 10ms TTI in a cell

· Per-HARQ-process grants for 2ms TTI

· TTI alignment between CELL_FACH UEs and CELL_DCH UEs

· Fallback to R99 PRACH

· Reduction in timing of the initial access in the physical random access procedure

· Signaling based interference control 

One of the WI objectives is a fallback to the R99 RACH channel.  During the RAN2#74 meeting, a number of proponents brought papers expressing a need to have a possibility to fallback to R99 RACH [3]-[5]. The way forward is “We agree to introduce a scheme for fallback to R99-RACH. At the next meeting we can focus on discussing different schemes and their relative merit”. 

2
Enhanced UL RACH overload

Enhanced UL/DL in CELL_FACH was introduced into Rel-7 and Rel-8, respectively, to allow a UE for receiving common logical channels over HS-DSCH and sending data over common E-DCH resource instead of RACH. However, as more and more Rel-8 UEs appear with the capability to support enhanced CELL_FACH in DL and UL, we anticipate situations when the common E-DCH resources will be overloaded whereas the legacy RACH channels might be less loaded or even empty. Indeed, even though enhanced UL/DL in CELL_FACH can provide faster transmission and lower signaling latency, we still need to keep the R99 common channels in every cell to serve legacy UEs without enhanced UL/DL capability.

At the moment, if both a UE and the network support enhanced UL/DL in CELL_FACH,  a UE selects common E-DCH resources to get an access to the network. In particular, if IE "HS-DSCH common system information" and IE "Common E-DCH system info" are included in system information block type 5 or 5bis, UEs in IDLE mode or non CELL_DCH state will select automatically common E-DCH to access network instead of R99 RACH channel. For example, in B.3.2.5 of [2], the UE behavior is described as follows:

For FDD in the CELL_FACH state the UE will monitor a FACH, if the UE does not support HS-DSCH reception in CELL_FACH state or IE "HS-DSCH common system information" is not included in the system information. Otherwise the UE will monitor the common HS-DSCH(s), and FACH monitoring is restricted to MBMS reception.

On the one hand, a UE using the enhanced CELL_FACH can transmit easily data of several hundred bytes, transmission of which  might be inefficient with legacy FACH due to the limited capacity. On the other hand,  a UE sends periodically control messages such as CELL UPDATE (including cell change or periodic updates), RRC CONNECTION REQUEST, etc. These control messages are in general small enough to be conveyed in the message part of a single RACH transmission. In this case, the transmission of the user data can be done equally fast using legacy RACH or common E-DCH channels. By exploiting simultaneously both R99 and enhanced UL channels, we can alleviate potentially loaded enhanced UL RACH channel by sending small data packets over less loaded R99 RACH channel. 

At the moment, there is no solution for network to ask  a UE with the enhanced UL/DL in CELL_FACH capability to select the R99 RACH channel in case of occurring common E-DCH resource overload. Thus, to optimize UL resource utilization, a mechanism to control UE’s first and subsequent access between R99 common channel and common E-DCH channel should be developed. Since the network, and in particular RNC, knows the traffic patterns and resource usage, the mechanism should be controlled by the network. 

3
Analysis of possible solutions

3.1 R99 and enhanced UL for the initial access

One possible way to control which channel a UE should use while getting an access to the network for the first time is to introduce a new flag in the broadcast system information. This way, all the enhanced UL/DL in CELL_FACH capable UEs can get an instruction from network that the R99 RACH should be used.  This solution aims to control UEs in IDLE or CELL_ PCH/URA_PCH states to select a preferred access channel while sending the first RACH message. It can be also applied to the cell reselection case. It is especially useful for a scenario when a bus or a train arrives to a new cell thus causing immediately a number of CELL UPDATE messages. 

Proposal 1: Introduce a new flag in the system information to inform the enhanced UL/DL in CELL_FACH capable UEs to select the R99 RACH channel to do the first UL access.

In [5], somewhat a similar solution was presented where a UE fallbacks automatically to the R99 RACH channel if it fails to secure the E-DCH resources. This can be a useful complementary behaviour because a UE can select the R99 channel even though the network does not recommend to do it explicitly, as in Proposal 2. However, our strong belief is that this behaviour should be explicitly allowed by the network. The reasoning behind this approach is that under certain circumstances the R99 RACH can be as loaded as the enhanced UL RACH. Since a UE is not aware of that, falling back to R99 RACH may result in the same or even worse performance.

Another discussion point is whether we should allow a UE to fallback automatically to R99 RACH only upon the initial access or every time it tries to get an access to the enhanced UL RACH. Our preliminary view is that it should be allowed only for the initial access. Otherwise, a UE may ping-pong constantly between the RACH and enhanced UL RACH thus making the network side RACH balancing very complex and challenging. Once a UE chooses a particular RACH to get an access to the UL, it should stay there at that channel type unless the network switches explicitly the UE into another channel type, as expressed in section 3.2 below.

3.2 R99 and enhanced UL RACH switching

As mentioned in 3.1, a new flag added to the broadcast system information can be used to control  the channel, over which IDLE and CELL_PCH/URA_PCH UEs send the first message.  However, there are UEs that can stay for a long time in CELL_FACH due to the periodic transmission of small data packets, creating a load on the enhanced UL RACH channel. As discussed earlier, having a critical mass of such UEs may lead to a situation when the E-DCH resources will be more loaded when compared to the legacy R99 channels. Since the network, and in particular RNC, knows traffic patterns and typical messages sizes of all UEs, it can select and instruct certain UEs to switch to the R99 channels.

In CELL_DCH, network can do channel type switching to transfer a UE from HS-DSCH/E-DCH to DCH/DCH or HS-DSCH/DCH by reconfiguration messages. Similarly, in CELL_FACH, network can use the RRC signaling  to transfer a UE from HS-DSCH/common E-DCH to HS-DSCH/RACH or FACH/RACH channels, and visa versa. 

Hence, we consider a few scenarios that illustrate how the network can control the UL access channel type depending on the UE state. If a UE with the enhanced DL/UL capability  is in the CELL_FACH state and has dedicated H-RNTI and E-RNTI, then there are two possible ways to control the UE: 

· Network can initiate RB reconfiguration procedure to do access channel type switching.

· Network can use the CELL UPDATE CONFIRM message to do the access channel switching when the UE initiates CELL UPDATE message. Note that this solution complements the one in section 3.2 in a sense that even if a R99 fallback flag is broadcasted by the network and a UE selects the R99 RACH for the initial access, the network can switch a UE to the desired channel type for all the subsequent messages. 

Another scenario is when an IDLE UE initiates RRC Connection Request by using the common E-DCH channel. In this case the network can use the RRC Connection Setup message to make the UE to fallback to R99 RACH. 

In all these use cases, the DL dedicated signaling should carry explicit indication to instruct UE to do such the access channel type switching. At the same time, related channel configuration parameters can be included, otherwise the default CELL_FACH parameters should be used by UE.

Based on above analysis, we can see the dedicated signaling controlled way and a solution with a new flag in SIB aim at different use cases, where the former one ca control individually every UE control and the latter one is for the whole cell. Two ways are not mutually exclusive, but rather complement one each other.

Proposal 2: RAN2 should study the dedicated signaling controlled way to do the R99 / enhanced UL channel switching.

4
Conclusion

In this paper we have presented our view on the fallback to the R99 access channel. We have identified the following R99 fallback cases: controlling the channel for the initial network access, and the network controlled solution that allows to control individual UEs. All these solutions are not mutually exclusive but rather complements each other thus catering for different scenarios.

Proposal 1: Introduce a new flag in the system information to inform the enhanced UL/DL in CELL_FACH capable UEs to select the R99 RACH channel to do the first UL access.

Proposal 2: RAN2 should study the dedicated signaling controlled way to do the R99 / enhanced UL channel switching.
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