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1
Introduction

At the last RAN2 meeting, the different logical channel options were discussed, and one common feature was the inclusion of the RACH in order to access system resources.  This paper looks in more detail at the different RACH access methods which are possible, and compares with some existing systems.

2
Discussion

2.1
Current Systems.

The design of a RACH implementation has to balance a number of factors e.g. system capacity occupied, access delay, access failure probability and message size. Within the limitations set by the air interface it is necessary to optimise these parameters to system requirements.

Within 3GPP UMTS and GSM  it is possible to identify a number of RACH applications and implementation methods:

In UMTS RACH is utilised for initial access (i.e. resource request) and also for direct C-plane signalling (RRC Connection Request, Cell Update) and for user data transfer in Cell_FACH state. In GSM it is used for initial access only. In each of these examples RACH provides a defined message capacity for transmitting signalling or user data and the capacity available constrains message size.

Within the TDD modes RACH can also be used to request transmission capacity on USCH/DSCH. The capacity that can be made available enables the transfer of more information than can be carried by RACH directly.

There are also differences in RACH implementation. For example, in FDD and 1.28 Mcps TDD access to RACH message capacity is preceded by a pre-amble mechanism that resolves both power and timing uncertainties and contention access. In the case of GSM and 3.84 Mcps TDD the RACH message is transmitted directly and contention is resolved during this phase.

It is assumed that in the LTE architecture all radio physical layer capacity will be assigned using Node B scheduler assignment from a common pool. It is assumed that a RACH for LTE should at least carry sufficient information to enable a UE to be assigned general capacity for any UL message that it requires (NAS or AS signalling). This and any resolution of contention and timing/ power corrections must be achieved within the timescales specified for the system.

2.2
Access requirements specified for LTE

Currently the TR on LTE [1] has access requirements from idle to active and dormant to active specified, and these are 100ms and 50ms respectively.  Given that these delays exclude the NAS delays, then these delays must be comprised of:

· RACH access delays (e.g. backoff)

· Air interface delays

· UTRAN processing delays

· UE processing delays

· Resource assignment delays

Since the requirements for access are already defined, it should be investigated which RACH mechanism provides the most efficient resource access for the required number of users. 

Also, we have to design the RACH for the appropriate capacity – although it is hard to put limits on the capacity, comments during the email discussion inidcate that an acceptable total capacity within a cell of 2000 users, 200 of which are active and 200 of which are dormant with the remaining 1600 users in idle.  How this translates to RACH loading needs to be further discussed within RAN2, and simulation parameters should be agreed to ensure that the RACH designs put forward can be easily compared.

2.3
Use of RACH within LTE

As has already been alluded too, there are several potential uses considered for RACH in LTE.  
· The first is the common use for accessing the system from an Idle state.  
· A second is to use a RACH like channel for requesting re-activation of an existing bearer (e.g.DCCH) for a dormant user.  Given the expected TTI size, and the delay requirements highlighted above it is more than feasible to use a RACH to move from a dormant state to active.  
· A third requirement could be for a UE to be moved from a temporarily inactive data transfer state to an active data transfer state. 
Each of these cases may have differing delay and information transfer requirements.

However, considering the different RACH states there are a number of possibilities for how this will be designed:

· Different RACH resources for dormant than idle users

· Same RACH resources, but different persistence values 

· dedicated resources for dormant, RACH based for idle users

3
Conclusions

This paper proposes that a full set of RACH options should be considered, and there should be no technology chauvinism towards using the RACH for data/signalling as in FDD since the UL resource is expected to be very different from the existing UL resource.

Also, since we have agreed that only shared channels will be used in LTE (at the last RAN2 meeting) it seems that designing a RACH to carry user plane data is a duplication of functionality if the RACH is designed for fast layer 2 resource request grant.
Additionally, use of the RACH should be considered for accessing from both idle and dormant states, potentially with different access parameters depending on the state in which the UE is in..  
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