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Fast Access based on Access Request Identifiers
1 Introduction

This paper discusses the feasibility of using the existing EGPRS access burst for faster access than current GPRS procedures. The faster access would be of benefit to any delay-sensitive application [1]

 REF _Ref471276895 \n \h 
[2].

A further optimized RT-MAC, such as [3], may then be developed for Release 2001, if deemed necessary, having fewer constraints due to schedule or backward compatibility requirements.

2 Background

The two block-based schemes proposed earlier differ mainly in the prerequisites for the uplink access procedures. In [1] a new (fast) access control channel (F-PRACH) is proposed, using an access burst yet to be defined. The contribution [2], in contrast, proposes to use the existing control channel and a normal burst instead of an access burst. 

Both schemes could be improved in terms of minimizing MAC changes if the existing control channel and access burst are used, as will be shown below. This would also eliminate the need for defining timing advance procedures in the quiescent state. 
3 Proposal

The main idea of the proposal deals with how the new 8-bit ID called an Access Request Identifier (ARI, [1] [3]) is conveyed. The proposal is to transmit the ARI on the existing PRACH using the current GPRS 11-bit access burst message. The ARI, by definition, would be unique on this PRACH. Based on the ARI and the PRACH on which it was received, the network can uniquely map the received ARI to the MS and bearer identity. The bearer identity may or may not be released at the end of the call, but exactly how the network implements this will not affect the usefulness of the ARI concept. 
The ARI appears only in the 11-bit uplink access burst message (PRACH) for fast-access and in the initial PACKET UPLINK ASSIGNMENT message (PAGCH). It is not required on the traffic channels (PDTCH) or other logical channels. The ARI principle is described in Figure 1.  
The first time the mobile accesses the network to transfer data, the network has no identity assigned to this mobile, and a two-phase access is necessary (alternatively a 1-phase access with following contention resolution may also be used). The MS then uses the access scheme denoted “I” in Figure 1. The MS starts by sending a PACKET CHANNEL REQUEST (PCR) on the PRACH channel. The request is identified by a random bit sequence (RR), see [4]. The MS then listens for a PACKET UPLINK ASSIGNMENT (PUA) message on the PAGCH. The MS knows it has received its PUA when it identifies its RR. The PUA also contains a description of assigned uplink resources, which in the case of a 2-phase access is a one-block allocation. The MS then proceeds with sending a packet resource request (PRR) on the PACCH indicated by the PUA. The network then responds with sending a second PUA, in which it may assign one or more ARIs to the MS that uniquely (together with the assigned PRACH) identifies the radio access bearer. 

If the MS has been assigned an ARI, it might use it to perform the fast access procedure denoted by “II” in Figure 1. In the PCR, the MS signals its ARI to the network, which then has complete knowledge of the context (quality of service requirements, multi-slot capabilities etc.) in which the bearer shall operate. The network can then immediately assign the necessary resources to the MS through the PUA, and the MS starts transmitting the data. Thus, an appropriate bearer can be set up without having to go through the complete 2-phase procedure.
Note that the network has full control of whether an ARI is to be assigned to a bearer or not. Also, the amount of time the ARI is maintained can be controlled by the network; it could either choose to set a timer or let the MS keep the ARI until ordered to release it  (the messages involved in releasing the ARI, for example the PACKET TIMESLOT RECONFIGURE message, depend on other RR entities and is FFS). 
The amount of time the ARI is held also depends on the mobility management (MM) state the MS is in. Obviously, if the MS changes cell while in MM ready state, the ARI should be released and may be replaced by an available ARI of the new cell. When the MS enters MM standby state, the ARI is released. 
The gain from using the ARI is twofold. The transmission time of the signaling required to set up a bearer is decreased by 40ms when going from access “I” to “II” in Figure 1. Firstly, this means that the delay time due to the processing of the PRR in the base station and of one PUA in the MS is saved, which makes the ARI access scheme considerably faster than existing access methods. Also, the load on the signaling channels is reduced significantly.
If an even faster access scheme is desired, MSs with high quality-of-service demands could be allocated ARIs on more than one PRACH but associated by the network as belonging to the same bearer, and could then be allowed to request resources on any of those PRACHs.
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Figure 1: Proposed access schemes
4 Requirements

The 8-bit ARI proposal assumes that a single PRACH is required to support a maximum of 256 concurrent fast-access TBFs. Assuming 25% occupancy, per-user access interval of 2.3 seconds and 2 access bursts per fast access, the maximum number of users supported by a dedicated PRACH is approximately 60. Therefore, the limit of 256 appears to be reasonable. If in the future 256 ARIs will not be enough, the number could be increased by introducing the ARI in the EGPRS PCR messages (see [4], Section 11.2.5a). Here two extra training sequences are defined, which would potentially allow an additional 512 ARI identities.
For many services, a bearer may consist of a sequence of active and quiescent states, as shown in Figure 1. Upon emerging from a quiescent state, an MS sends a resource request through the PRACH. If a normal burst is used for this request, timing needs to be maintained during the quiescent state, which requires a new TA procedure and introduces additional PTCCH overhead. Using an access burst instead of a normal burst eliminates the need to maintain the timing alignment in the quiescent state and does not introduce any PTCCH overhead. Also, the existing control channel and access procedures can be used while also allowing the use of dedicated control channels for fast access. Random access with repetition is also possible [1]. Finally, both USF and fixed allocation schemes will be supported. 

The MAC changes required to support the proposal would be inclusion of the ARI in the PUA and 11-bit PCR messages. Per [4], there are sufficient number of unused values in the 11-bit ‘PACKET CHANNEL REQUEST’ Message. The proposed definition is shown in 
Table 1
, with the purpose type “Fast Access Request”. Since the ARI uniquely identifies the MS and bearer, and the 256 possible values are believed to be sufficient, there is no need to change the EGPRS PACKET CHANNEL REQUEST messages at this point [4].
Table 1: PACKET CHANNEL REQUEST 11 bit message content [4]
< Packet channel request 11 bit message content > ::=

   | < One Phase Access Request :

0

< MultislotClass : bit (5) >









< Priority : bit (2) >









< RandomBits : bit (3) > >

      | < Short Access Request :


100

< NoOfBlocks : bit (3) >









< Priority : bit (2) >









< RandomBits : bit (3) > >

     | < Fast Access Request :


101

< ARI : bit (8)>>
     | < Two Phase Access Request :

110000

< Priority : bit (2) > 









< RandomBits : bit (3) > >

     | < Page Response :



110001

< RandomBits : bit (5) > >

     | < Cell Update :



110010

< RandomBits : bit (5) > >

     | < MM Procedure :



110011

< RandomBits : bit (5) > >

     | < Single Block Without TBF Establishment :
110100

< RandomBits : bit (5) > > ;

5 Inclusion in 03.51 (Stage 2)
ARI: The ARI (Access Request Identifier) is proposed for the GERAN and is further described in [ref]. The ARI is 8 bits and can be used in Packet Channel Request on PRACH. By using an ARI the MS can establish a TBF faster than with a two-phase access, but still provide the network with the same information.

[ref] 
3GPP TSG GERAN Adhoc on release 2000 and beyond #1, “Fast Access based on Access Request Identifier”, AT&T, Ericsson, August 2000, Helsinki
6 Conclusion

By taking advantage of the unused values in the existing 11-bit access burst and defining an 8-bit identifier on the PRACH, fast access and assignment can be supported on the  Release 2000 MAC. 
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