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Introduction


An Access Request Identifier (ARI) based fast access procedure has been proposed for GERAN R2000 [1]. The following areas of concern regarding this approach were subsequently identified in a related paper [2]:


The number of ARI values is insufficient to allow unique identification of the mobile station and the radio bearer for which a TBF needs to be established.


The technique was proposed only for the setup of open ended TBFs and it is unclear whether the potential benefits of this approach could be realized in the context of providing fast restart capability for short TBFs (e.g. TCP ACKs, interactive data applications etc where the data backlog is typically known to the mobile station). 


The scope of ARI based fast access is currently limited, i.e., it only applies to TBF setup when in Packet Idle Mode.





However, upon further investigation we find that if suitable ARI management procedures are defined, then this approach does provide significant advantages over the access procedures already specified in R’99. 





EGPRS R’99 Access Procedures [3]


For EGPRS best effort data, uplink TBF setup may be carried out  through a One Phase Access, Two Phase Access or Short Access while in Packet Idle Mode (see Table 1). If a downlink TBF is already established, TBF setup may be carried out on the PACCH. 


 


Mobile stations initiate the access procedure on the PRACH using the Packet Channel Request message. The Packet Channel Request message contains either 8 bits or 11 bits of information that indicate the type of access, and in certain cases, include parameters that indicate the mobile station’s capability and/or demand of radio resource.





Access Type�
Information included in EGPRS Packet Channel Request Message�
Remarks�
�
One Phase Access�
Message type (1 bit)


Multi-slot Class (5 bits)


Radio Priority (2 bits)


Random Reference (3 bits)�
Used for setup of open ended TBFs in acknowledged mode; amount of backlog is not indicated.�
�
Two Phase Access�
Message type (6 bits)


Radio Priority (2 bits)


Random Reference (3 bits)�
Used for unacknowledged mode and acknowledged mode TBFs. A subsequent Packet Resource Request message provides information on mobile station capabilities and the data backlog.�
�
Short Access�
Message type (3 bits)


Number of Blocks (3 bits)


Radio Priority (2 bits)


Random Reference (3 bits)�
Used for acknowledged mode transfer if the data fits within 8 RLC/MAC blocks.� This may be used for transmitting higher layer (e.g. LLC or TCP) ACKs.�
�
Table 1: EGPRS (R’99) Access Procedures.





Of the procedures specified in Table 1, only the two phase access procedure is applicable to GERAN R2000. The one phase access procedure and short access procedure are not applicable since the Radio Bearer Identity (RBID) is not indicated during the access. 





Limiting GERAN R2000 to existing R’99 access procedures has the following drawbacks:


The two phase access procedure results in at least 40 ms additional delay compared to the R’99 one phase access and short access procedures. This may have a significant impact on QoS for radio bearers that frequently require the setup of short TBFs.


There does not appear to be any reason for excluding short access capability in R2000. The short access procedure is particularly valuable when the network employs fixed allocation since the data backlog is indicated to the network in the Packet Channel Request message. 





Therefore, there is a need for an access procedure that provides fast restart capability to short TBFs. Furthermore, a fast access procedure that indicates the data backlog and implicitly identifies the radio bearer should also be specified.





Fast Access Procedure


The basic fast access procedure proposed in [1] is as follows. An access burst containing a unique Access Request Identifier (ARI) is transmitted on the PRACH by any mobile station that needs to establish a TBF for a particular radio bearer. It is assumed that the mobile station capabilities (multi-slot class, 8-PSK modulation capability etc) are known to the network. In what follows, we describe straightforward extensions to the proposal in [1] that address most of the major concerns that had been raised earlier. 





Table 2 shows the proposed message formats for the PRACH. A Packet Channel Request message including an 8 bit ARI is introduced as proposed in [1] for requesting the setup of an open ended TBF. This allows up to 256 simultaneous open ended TBFs to be initiated on a single PRACH. Countdown procedures defined in R’99 can be used by the mobile station in order to commit to the end of the TBF. This mitigates the resource allocation problem at the network. However, the use of the countdown procedure leads to additional delay in the case of short TBFs since it takes at least a round trip time for the countdown procedure to be initiated. Therefore, we propose the introduction of two new Packet Channel Request message formats that include a 5 bit ARI and a 3 bit data backlog indicator. These two message formats may be distinguished by using different training sequences.� This allows up to 64 unique ARI values for identifying mobile stations that need to establish short TBFs associated with specific radio bearers. Moreover, contention resolution is no longer an issue since the mobile station and radio bearer are uniquely identified. This results in some overhead savings for short TBFs.











Training sequence �(see GSM 05.02)�
bits�11 …...1�
�Packet Channel Access�
�
TS1�
0 mmmmm pp r r r�
One Phase Access Request�EGPRS with 8PSK capability in uplink�
�
TS1�
1 0 0 n n n pp r r r�
Short Access Request�EGPRS with 8PSK capability in uplink�
�
TS1�
1 1 0 0 0 0 pp r r r�
Two Phase Access Request�EGPRS with 8PSK capability in uplink�
�
TS1�
1 0 1 aaaaaaaa�
Fast Access Request


Open ended TBF setup 


aaaaaaaa  -- 8 bit ARI�
�
TS1�
1 1 1 nnn aaaaa�
Fast Access Request


Short TBF setup


nnn – Number of blocks (1 to 8)


aaaaa – 5 bit ARI�
�
TS2�
0 mmmmm pp r r r�
One Phase Access Request�EGPRS without 8PSK capability in uplink�
�
TS2�
1 0 0 n n n pp r r r�
Short Access Request�EGPRS without 8PSK capability in uplink�
�
TS2�
1 1 0 0 0 0 pp r r r�
Two Phase Access Request�EGPRS without 8PSK capability in uplink�
�
TS2�
1 0 1 nnn aaaaa�
Fast Access Request


Short TBF setup


nnn – Number of blocks (1 to 8)


aaaaa – 5 bit ARI�
�
TS2�
All others�
Reserved�
�
Table 2: Packet Channel Request 11 bit message content [3]. 





Application of Fast Access Procedure


Packet Idle Mode


The ARI based fast access procedure applies to all mobile stations in Packet Idle Mode (i.e., when there is no TBF established).


Radio Bearer and TBF Establishment


Two phase access is needed for radio bearer establishment since the access burst is limited to 11 bits of payload and does not include the Radio Bearer Identity (RBID). The ARI based access procedure only applies to the case where radio bearers have already been established for different services, and a TBF needs to be established for a particular radio bearer. 


ARI Management


Since the number of ARIs is small in comparison to the number of radio bearers that could potentially have been established by all mobile stations, it becomes necessary to specify ARI management procedures (i.e., procedures for assignment and release of ARIs to mobile stations based on activity). 


ARI Assignment


The ARI is assigned to the mobile station by the network during radio bearer establishment. It uniquely identifies the mobile station and the radio bearer for which a TBF needs to be established. The ARI can be assigned to another mobile station only after it is released. 





An 8 bit ARI assignment always implies the use of a particular training sequence (TS1) in the access burst. If a 5 bit ARI is assigned, then the network also indicates the training sequence (TS1 or TS2) to be used during the access burst.  





The algorithms used for deciding if and when ARIs are assigned depend on the traffic characteristics and the QoS attributes of the different radio bearers. These algorithms are implementation specific and need not be specified.


ARI Release


ARI release can be carried out in one of the following ways: 


Expiration of absolute timer: When the ARI is assigned, the network also indicates the absolute time duration, TARI , for which the assignment remains valid. The mobile station releases the ARI upon expiration of TARI . 


Expiration of inactivity timer: The mobile station starts an inactivity timer at the end of a TBF. The timer is reset when a new TBF setup for the same radio bearer is initiated. Upon expiration of the inactivity timer, the ARI is released. The inactivity timer value can be indicated during radio bearer establishment.


Messaging: The network can send a message to the mobile station indicating the ARI release. 


Packet Transfer Mode 


Packet Transfer Mode on Shared Channels


If a TBF is already established for a particular radio bearer, then the PACCH can be used to establish another TBF. This is enabled by adding the RBID to the Packet Resource Request message and the Channel Request Description IE (within the Packet Downlink Ack/Nack message). 





In the case where a downlink TBF is already established, uplink TBF setup is initiated using the Packet Downlink Ack/Nack message (as in R’99). In the case where an uplink TBF is already established, uplink TBF setup for a different radio bearer can be initiated by transmitting the Packet Resource Request message. 





It has been suggested that R’99 procedures be modified in order to allow TBFs to be maintained during periods of inactivity [4]. However, this approach requires point to point USF based polling in order to provide the desired fast restart capability [5]. Furthermore, there are only 8 USF values and the allocation of USFs to inactive TBFs can result in USF unavailability for new TBFs. Instead, a better approach is to release the USF after the countdown procedure is completed and start a timer. The mobile station can remain on the allocated physical sub-channel till the timer expires, and  listen for PRACH opportunities indicated via USF = FREE. Standard PCCCH (including ARI based) based TBF establishment procedures are applicable in this case.


Packet Transfer Mode on Dedicated Channels


All radio bearers assigned to dedicated resources have TBFs established as long as the dedicated resource is assigned. Therefore, fast access is not necessary in this case. The transmission opportunities provided to each TBF depend on the QoS attributes of the corresponding radio bearers allocated to the same dedicated resource.  
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� The number of blocks is calculated assuming the use of MCS-1.


� These two training sequences are already specified in R’99. No new training sequences have been added for providing fast access capability. 
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