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Detailed OSAP Signalling Procedures
1. Introduction

The OSAP feature described in a companion discussion paper involves the introduction of new signaling procedures for more efficiently establishing both uplink and downlink TBFs. The detailed signaling procedures associated with the OSAP feature used for establishing uplink and downlink TBFs are examined in greater detail herein where it can be seen that this signalling essentially consists of a combination of new signaling combined with legacy signaling as follows:

· New BCCH information that indicates the OSAP feature is supported by the network and which provides information about the packet data resources that can be assigned using OSAP based signaling.

· A new RACH message that allows a BSS to uniquely determine that an MS is requesting OSAP based signaling for uplink TBF establishment. 
· New AGCH and PACCH signaling supporting the establishment of uplink and downlink TBFs used for uplink user data transmission.

· The legacy one phase and two phase contention resolution procedure for uplink TBF establishment.

· Legacy TBF management and release procedures for uplink and downlink TBFs established using OSAP based signaling.

2. OSAP – Detailed Operation for UL TBF Establishment
A serving cell that supports OSAP based signaling is managed by a corresponding BSS that is capable of receiving a new 11-bit RACH message consisting of an access burst that involves the use of a new training sequence code (TSC). Upon reading all OSAP related system information, an OSAP capable MS will use this new TSC along with the signaling procedures shown in Figures 1 and 2 below whenever it has uplink payload to send for the PS domain. 
· The yellow shaded structures in these figures indicate the use of new procedures and timers whereas the green shaded structures indicate the use of legacy procedure and timers.
· The OSAP based signalling described below allows for both one phase and two phase system access procedures and corresponding contention resolution as per legacy operation.

· The code points supported by the new 11-bit RACH message allow for indicating the same basic types of access requests as can be requested using legacy RACH messages (i.e. “one phase access”, “two phase access”, “signaling” and “single block packet access”).

· OSAP based signaling described below allows a BSS to respond to a new RACH burst by directing an MS to use either a one phase or two phase system access according to the flexibility supported by legacy operation.
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Figure 1 – OSAP Signalling Procedures for UL TBF Establishment - Part 1
1)
An OSAP capable MS reads OSAP specific system information once every 30 seconds as per the legacy SI refresh rate and then enters Idle mode. 

2)
All PS domain access attempts triggered by an MS capable of OSAP are subject to using OSAP procedures whereas all CS domain access attempts triggered by such an MS will be managed using legacy CS domain related procedures. An OSAP capable MS attempting a PS domain access therefore schedules and starts sending new RACH bursts referred to as Enhanced Packet Channel Request (EPCR) messages which support 11 bits of payload space and a training sequence code (TSC) that allows a BSS to uniquely detect reception of an EPCR message. 

The code points supported by the EPCR message allow for an MS to indicate “one phase access”, “two phase access”, “signaling” and “single block packet access” as per PS domain related code points supported by the legacy EGPRS Packet Channel Request message (see Table 1).

3)
After starting the access procedure by transmitting an EPCR message the MS starts looking for an Enhanced Immediate Assignment (EIA) message with matching “FN Information” and “Random Bits”. T3146 (legacy) is only started after the maximum number of EPCR messages have been transmitted. 

4)
Upon receiving an Enhanced Immediate Assignment (EIA) message with matching “FN Information” and “Random Bits” (carried within the MS Specific EIA Parameters IE) the MS stops T3146 (if running), starts T3226 (new), moves to the indicated PDCH resources and monitors the downlink PACCH for a matching Additional TBF Information (ATI) message. Note that this means a BSS must respond to an EPCR message by sending an EIA message since an MS performing an OSAP based system access will only consider EIA messages as potentially containing a matching response.
5)
Upon receiving an ATI message instance the MS reads the “MS Assignment Bitmap” therein to determine if it is addressed by that ATI message instance. In other words, if it considered the Nth instance of information carried within the MS Specific EIA Parameters IE of the EIA message to contain matching information then it checks to see if the Nth bit of this bitmap is set to “1”. If the Nth bit is set to “1” then the MS concludes that the corresponding instance of the MS Specific TBF Parameters IE in the received ATI message provides it with all remaining information needed for uplink TBF establishment including whether or not it is to proceed using the one phase access or the two phase access procedure (see Figure 2).

A small Message Reference ID field (2 bits long) is present within both the EIA and ATI messages so that an MS can precisely associate a received ATI message instance to the specific EIA message that has the same Message ID value:

· Note that the EIA message will not include any TFI information (as it will instead be included in the ATI message) and as such an MS assumes that if it received a match in the Nth instance of the MS specific information in an EIA message then it is to use the Nth instance of the MS specific information in the ATI message corresponding to that EIA message. 
· Since an ATI message instance may potentially be missed by a mobile station (i.e. even though it is sent using CS-1 coding) a BSS may choose to make limited pre-emptive re-transmissions of these messages. 

· During times of heavy system access load a BSS may need to send different sets of one or more ATI message instancess (i.e. each set of one or more ATI message instances is unique in that it addresses the specific group of mobile stations addressed by its corresponding EIA message) in relatively quick succession on the PACCH of a specific packet resource while also making use of pre-emptive ATI message re-transmissions.

· As such, to avoid the potential for an MS to incorrectly associate an ATI message instance with a previously received EIA message (and thereby apply incorrect additional TBF information), the introduction of a two bit Message Reference ID field in both the EIA and ATI messages is seen as being sufficient.

6)
If T3146 expires prior to receiving a matching EIA message or T3226 expires before receiving a matching ATI message the MS aborts the packet access attempt and returns to Idle mode.
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Figure 2 – OSAP Signalling Procedures for UL TBF Establishment - Part 2

7)
If the ATI message indicates a one phase access is to be used the MS stops T3226, starts T3164 and waits for the first instance of its assigned USF. Upon receiving the first instance of its assigned USF the MS stops T3164, sends its first RLC data block and proceeds with one phase access contention resolution according to legacy procedures. Note that even if an MS indicates a one phase within an EPCR message (see Table 1) the BSS can still send an ATI message that forces the MS to perform a two phase access (see step 10 below).
8)
If contention resolution is successful the MS completes the transmission of its user data (LLC PDU) according to legacy operation. After completing the transmission of its user data the uplink TBF is released according to legacy procedures.

9)
If T3164 expires before the MS receives the first instance of its assigned USF or it experiences unsuccessful one phase contention resolution it may either retry the packet access or abort the uplink TBF as per legacy procedures.
10)
If the ATI message indicates a two phase access is to be used the MS stops T3226, sends a PRR, starts T3168 and waits for a PUA in response to the PRR. Upon receiving the PUA the MS proceeds with two phase contention resolution according to legacy procedures. 
Note that, similar to legacy operation, if the establishment cause in the EPCR message indicates a request for a one phase packet access or signaling the network may send an ATI message that grants either a one phase access or a two phase access. If a Multi Block allocation is granted by the ATI message it forces the mobile station to perform a two phase access.
11)
If contention resolution is successful the MS stops T3168, starts T3164 and waits for the first instance of its assigned USF. Upon receiving the first instance of its assigned USF the MS stops T3164 and begins transmitting its user data (LLC PDU) according to legacy operation. After completing the transmission of its user data the TBF is released according to legacy procedures.

12)
If T3168 expires before the MS receives a PUA in response to the PRR or T3164 expires before the MS receives the first instance of its assigned USF or it experiences unsuccessful two phase contention resolution it may either retry the packet access or abort the uplink TBF as per legacy procedures.

Table 1: ENHANCED PACKET CHANNEL REQUEST message content

	< Enhanced Packet channel request message content > ::=


< OSAP Request – one phase access : 
000     < RandomBits : bit (8) > >


< OSAP Request – signalling : 
001     < RandomBits : bit (8) > >


< OSAP Request – single block packet access : 
010     < RandomBits : bit (8) > >


< OSAP Request – two phase access : 
011     < RandomBits : bit (8) > >;



3. OSAP – Detailed Operation for DL TBF Establishment

The scenario addressed is where an OSAP capable MS is in Idle mode and can be assigned a downlink TBF without first performing the paging procedure because its corresponding Ready timer is running and the network therefore knows the MS location at the cell level. In this case downlink TBF establishment is performed as shown in Figure 3 below.
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Figure 3 – OSAP Signalling Procedures for DL TBF Establishment
1) During an ongoing TBF the BSS may at any time use PACCH signaling to assign a Temporary OSAP Identity (TOI) to an OSAP capable MS. The assigned TOI remains valid for as long as the Ready timer is running and therefore requires a BSS to have knowledge of the length of the Ready timer (e.g. this can be realized if PFC procedures are supported by the network).

2) Upon receiving downlink payload (i.e. LLC PDUs) for an MS in Idle mode having a valid TOI the BSS initiates downlink TBF establishment by sending an EIA message that includes the TOI of that MS (i.e. instead of FN Information + Random Bits):

· If the non-DRX mode feature is not supported (i.e. at TBF release the MS immediately enters the DRX mode) the BSS sends the EIA message on the CCCH of the corresponding serving cell using any of the radio blocks defined by the paging group of that MS as defined in 3GPP TS 45.002.
· If the non-DRX mode feature is supported (i.e. at TBF release the MS immediately enters the non-DRX mode for a period of time determined by the non-DRX timer) and the BSS determines that the MS is in the non-DRX mode it may send the EIA message on the CCCH of the corresponding serving cell using any non-BCCH blocks. Otherwise, it sends the EIA message on the CCCH of the corresponding serving cell using any of the radio blocks defined by the paging group of that MS.

3) Upon receiving an Enhanced Immediate Assignment (EIA) message with matching TOI (carried within the MS Specific EIA Parameters IE) the MS stops the non-DRX timer (if running), starts T3226 (new), moves to the indicated PDCH resources and monitors the downlink PACCH for a matching Additional TBF Information (ATI) message. 

4) Upon receiving an ATI message instance the MS reads the “MS Assignment Bitmap” therein to determine if it is addressed by that ATI message instance. In other words, if it considered the Nth instance of information carried within the MS Specific EIA Parameters IE of the EIA message to contain matching information then it checks to see if the Nth bit of this bitmap is set to “1”. If the Nth bit is set to “1” then the MS concludes that the corresponding instance of the MS Specific TBF Parameters IE in the received ATI message provides it with all remaining information needed for downlink TBF establishment.
5) If T3226 expires before receiving a matching ATI message the MS aborts the downlink TBF establishment attempt and returns to Idle mode.

4. Conclusion

The detailed operation of the OSAP procedure as described above effectively involves the distribution of uplink TBF specific information over the BCCH, AGCH and PACCH (as compared to just the AGCH for legacy operation). This allows the MS specific portion of this distributed information sent on the AGCH to be significantly reduced compared to legacy operation and an AGCH gain is thereby realized in that the number of MS addressed per OSAP specific AGCH assignment message can be significantly increased compared to legacy AGCH assignment messages. Considering that AGCH capacity is seen as becoming increasingly more problematic as system access load increases (e.g. due to the increased traffic load by MTC  as well as increased use of instant messaging type applications) the introduction of OSAP as a new GERAN Rel-12 feature as described herein is seen as providing an essential AGCH capacity improvement.
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