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Introduction

Based on the RRC/RLC/MAC architecture proposed in [ 1,2,3], the following  scenarios  will be presented to demonstrate the viability of the proposed design: 

1. RRC procedure for Network at system start up

2. RRC procedures for Mobile Station at  power up

3. TBF Establishment initiated by  MS

4. TBF establishment initiated by BSS

5. Setup of  a radio bearer with dedicated MAC over  OSTCH

 Primitives used in this contributions are described in [1]

The procedures to be explained in the scenarios  will use the following polling procedure  between protocol layers, which  can also  be found in [1].

[RLC/MAC/PHY Polling Procedures]:

RLC Layer: 

The RLC polls the RRC/ PDCP with a CRLC-Poll-IND[SAPI] at each SAP instance it exposes, whenever logical channel resources are available. The polling is responded by RRC/PDCP with a CRLC-Poll-RES[SAPI], whenever data for transmission are available. Upon receipt of the CRLC-Poll-RES[SAPI], the RLC reserves the proper logical channel resources and sends back a CRLC-Ready-IND[SAPI]. On receipt of the CMAC-Ready-IND[SAPI], the RRC/PDCP may send its data in a RLC-Data-REQ. 

Note: The RLC polls only RRC when the transparent  RLC mode (tr-RLC) is used  

MAC Layer: 

The MAC polls the RLC with a CMAC-Poll-IND[SAPI] at each SAP instance it exposes, whenever transport channel resources are available.  When RLC needs to respond,  it sends back a  CMAC-Poll-RES[SAPI].  Upon receipt of the CMAC-Poll-RES[SAPI], the MAC reserves the proper  transport channel resource and sends back a CMAC-Ready-IND[SAPI].  On receipt of CMAC-Ready-IND, the RLC can send its data in a MAC-Data-REQ . 

PHY Layer: 

The PHY polls the RRC/MAC with a CPHY-RTS-IND[SAPI] at each SAP instance it exposes, whenever elementary channel resources are available.   When MAC has data to send, it sends the data with a PHY-Data-REQ.

 [End: RLC/MAC/PHY Polling Procedures]

Scenario 1:  RRC Procedures for Network at System Start Up

When a BSS  is  brought into operation, it begins to  configure the broadcast and common control radio bearers as follows: 

6. The RRC of the BSS sends a  CRLC-Config-REQ  to RLC providing the list of RLC instances to be established with configuration parameters.  The RLC instances to be established are PBCCH and PCCCH in this  scenario.   

7.  The RRC of the BSS sends a  CMAC-Config-REQ to MAC providing the  MAC configuration parameters.   

8. The RRC of the BSS sends CPHY-Config-REQ to the PHY providing the PHY configuration parameters.  

9. The PHY polls at service access points (P)BCCH and PCCCH with  a CPHY-RTS-IND.

10. The  MAC polls  at service access points  PBCCH, PAGCH, PPCH and PNCH, with a CMAC-Poll-IND. 

11. The RLC  polls  at service access point  PBCCH, PAGCH, PPCH and PNCH with CRLC-Poll-IND. 

12. The RRC responds the polling with a CRLC-Poll-RES .

13. The RLC  responds the polling with a   CMAC-Poll-RES.

14. Upon receipt of  CMAC-Poll-RES, the MAC responds with a CMAC-Ready-IND to the RLC, and  reserves the necessary resource of transport channels.  

15. Upon receipt of  CMAC-Ready-IND, the RLC  sends a  CRLC-Ready-IND to the RRC, and reserves the necessary resource of logical channels.

16. On receipt of  RLC-Ready-IND, the upper layer  sends a  RLC-Data-REQ.  In this scenario the upper layer is RRC and the user data are system information and common control messages.

17. On receipt of  RLC-Data-REQ from  the RRC, RLC forwards the data in a  MAC-Data-REQ to  the MAC.

18. On receipt of  MAC-Data-REQ from the MAC,  the PHY sends a PHY-Data-REQ, in which a MAC PDU is included

Scenario 2: RRC Procedures for MS at Power Up
When a mobile station is powered up, it starts to establish radio bearers for broadcast and common control.  For this purpose, it needs the following procedures:

1 The RRC creates an instance of  radio bearer (P)BCCH and sends a primitive CRLC-Config-REQ to the RLC through control SAP, providing the necessary parameters to associate RLC resource with it.

2 The RRC sends also a primitive CMAC-Config-REQ to the MAC through the control SAP, providing the necessary parameters  to allocate MAC resource to it. 

3  The RRC sends also  a primitive CPHY-Config-REQ to the PHY through the control SAP, providing the necessary parameters to its  resource allocation.

4 Having allocated resource, the radio bearer is now in transfer mode.    The mobile station can acquire system information through primitives PHY-Data-IND, MAC-Data-IND and RLC-Data-IND  of the respective layers.

5 Having acquired sufficient system information from radio bearer PBCCH, the RRC starts to establish a group of  radio bearers for the common control purpose. Following the same procedure as specified for scenario 1, the RRC sends a CRLC-Config-REQ to RLC layer, a CMAC-Config-REQ to MAC layer and a CPHY-Config-REQ to PHY layer.  All radio bearers here are configured as transparent RLC mode and shared MAC mode. Radio bearer for PRACH makes use of service access points  PRACH of RLC,  PRACH of MAC and  PRACH of PHY. Radio bearer for PAGCH makes use of  service access points PAGCH of RLC, PAGCH of MAC and PCCCH of PHY. Radio bearer PPCH makes use of  service access points PPCH of RLC, PPCH of MAC and PCCCH of PHY. Radio bearer for PNCH makes use of service access points PNCH of RLC, PNCH of MAC and PCCCH of PHY. 

6 Once PRACH and PCCCH are assigned to the radio bearers, the polling procedure is triggered for RBs: PRACH, PAGCH, PPCH and PNCH at the MS side.

7 Now, RB0 is configured by the RRC sending a CRLC-Config-REQ primitive with  RLC parameters and  radio bearer identifier (RBI =RB0) through the control access point.  An acknowledged mode RLC (AM-RLC ) is created for RB0, meaning there is no TBF allocated to it. Hence, RB0 is in idle state.

Scenario 3:  TBF Establishment Initiated by Mobile Station

Scenario 3 shows an example of MS initiated TBF establishment. The procedure is triggered by the receipt of an attach request from upper layer by RRC. The reaction of RRC is  the following:

1 The RRC sends a primitive RLC-Data-REQ to RLC through the service access point RB0

2 From RB0 the RLC layer responds with a primitive CRLC-TBF-Status-IND to indicate that there is no TBF established for RB0

3 Upon receipt of CRLC-TBF-Status-IND, the RRC starts  TBF establishment procedure sending a PACKET CHANNEL REQUEST message using a primitive RLC-Data-REQ  to RLC. The primitive is sent to the access point  PRACH.

4 Upon receipt of  RLC-Data-REQ from the RRC, the RLC layer sends a primitive  MAC-Data-REQ containing the same message to MAC layer. The primitive is sent to PRACH or RACH, depending on the network configuration.

5 Upon receipt of  MAC-Data-REQ from RLC, the MAC layer sends a primitive  PHY-Data-REQ containing the same message to PHY layer. The primitive is sent to the service access point PRACH or RACH, depending on the network configuration.

6 On the network side, when the message PACKET CHANNEL REQEST is received by the PHY layer, it sends a primitive PHY-Data-IND,  forwarding the PACK CHANNEL REQUEST  to the MAC layer.

7 Upon receipt  of  PHY-Data-IND, the MAC layer sends a  MAC-Data-IND to the RLC layer, forwarding the received message.

8 Upon receipt of  MAC-Data-IND, the RLC layer sends a  RLC-Data-IND to the RRC layer, forwarding the received message.

9 The message PACKET CHANNEL REQUEST received by the RRC layer triggers the procedure of RB0 configuration at the network side. Following the same procedure described in step 6 of scenario 2,  a radio bearer  RB0 is established in idle state.

10 Now,  the RRC needs to establish RB PACCH for the second phase of  TBF establishment procedure. This begins  with  the RRC sending a CPHY-Config-REQ to RLC layer  through the  control SAP. The primitive includes the required PHY parameters.

11 Then the RRC sends  a CMAC-Config-REQ to the MAC layer through the control  service access point. The primitive includes the required MAC parameters and TFI, and it requires shared  MAC  mode. 

12 Finally, the RRC sends a CRLC-Config-REQ to RLC layer through the control service access point . The primitive includes the required RLC parameters, and it requires transparent RLC mode.

13 Having established new radio bearer PACCH, RRC sends a PACKET UPLINK ASSIGNMENT message including TFI, using the common control radio bearer established in scenario 2. For this purpose it uses primitives  RLC-Data-REQ,  MAC-Data-REQ and  PHY-Data-REQ and the service access points PAGCH of the respective layers.

14 The RRC of mobile station receives the PACKE UPLINK ASSIGNMENT message through  primitives RLC-Data-IND,  MAC-Data-IND and  RLC-Data-IND, subsequently, and at the respective service access points PAGCH.

15 From now on , the procedures of polling by RLC and MAC at the respective service access points PACCH, as well as the polling procedure by PHY at   service access point GTCH can start.

16 The RRC of the mobile station sends a PACKET RESOURCE REQUEST message using  primitives RLC-Data-REQ and  MAC-Data-REQ at the respective service access points PACCH, and using PHY-Data-REQ at the service access point GTCH.

17  On the network side, the PACKET RESOURCE REQUEST message is received by RRC through primitives  PHY-Data-IND at the service access point  GTCH, and through  MAC-Data-IND and RLC-Data-IND at the respective service access points PACCH. 

18 Now, if resources are available, the RRC starts to allocate resource before notifying the mobile station. This is done by mapping the RB0 to a TBF, in which the RRC  sends at first a CPHY-Config-REQ to the  PHY with required parameters and radio bearer identifier at the control  service access point

19 Then,  the RRC sends a CMAC-Config-REQ including the required MAC parameters , TFI and radio bearer identifier.  Thus, RB0 is assigned resource in acknowledged RLC mode and shared MAC mode.

20  The RRC sends a CRLC-StartTBF-REQ to RLC including the required RLC parameters, the radio bearer identifier RB0 and TFI.

21  Now, the network can notify the mobile station of the availability of the resource by sending  a PACKET UPLINK ASSIGNMENT message, using a RLC-Data-IND ,  MAC-Data-IND and  PHY-Data-IND through  the same service access points, from where  the PACKET RESOURCE REQUEST was received.  Now,  the network is ready to received up-link data.

22 The message PACKET UPLINK ASSIGNMENT is received by the mobile station through PHY-Data-IND,  MAC-Data-IND and  RLC-IND at the respective service access points GTCH, PACCH and PACCH, respectively.

23 Now, RRC has established a TBF for RB0, and can  a CRLC-Start-TBF-REQ with  radio bearer identifier  and TFI to the RLC,  so that the RLC can map RB0 to the TFI. 

24 One allocated  TFI, the polling procedure can start. The PHY  polls the service access point DECH by sending a CPHY-RTS-IND

25 The MAC polls the service access point PDTCH by sending a CMAC-Poll-IND

26 The RLC responds with a CMAC-Poll-RES at the service access point PDTCH

27 The MAC returns a CMAC-Ready-IND at the service access point PDTCH

28 The data buffered at RLC are now transmitted through MAC and PHY, through service access point PDTCH and GTCH,  respectively.

29 On the mobile side, the data are received via primitives PHY-Data-IND, MAC-Data-IND and RLC-Data-IND at service access point GTCH,  PDTCH and RB0, respectively.

30 Having sent the buffered data, the RLC sends a CRLC-TBF-Status-IND to RRC to indicate to the RRC that all data associated with TBF has been transmitted.

31 The RRC sends PACKET UPLINK ACKNOWLEDGEMENT message in primitives RLC-Data-REQ, MAC-Data-REQ and PHY-Data-REQ through service access points RB0, PACCH and GTCH, respectively.

32 On the mobile station side the PACKET UPLINK ACKNOWLEDGEMENT message is received in primitives  PHY-Data-IND, MAC-Data-IND and  RLC-Data-IND through service access points GTCH, PACCH and RB0, respectively.

33 Having received the acknowledgment, the mobile can release the resource by  the RRC sending a CRLC-Release-TBF-REQ to the control service access point, which  releases the resource associated with  the TFI

34 The RRC also sends a CMAC-Config-REQ to the  control service access point to release the resource associated with the TFI.

35 The RRC sends finally a CPHY-Config-REQ to the control service access point  to release the resource associated with the TFI.

36 The network, after sending out the acknowledgment,   can also release  the TBF  by sending a CRLC-Release-TBF-REQ to the service access point RB0, which  releases the resource associated with the TFI.

37 The RRC further sends a CMAC-Config-REQ to the control service access point  to release the resource associated with the TFI.

38 The RRC finally sends a CPHY-Config-REQ to the control service access point to release the resource associated with the TFI.

The release of resource in RLC, MAC and PHY leaves RB0 and the PACCH in idle state

Scenario 4:  TBF Establishment initiated by Network

Two radio bearers,  RB0 and a PACCH, are assumed to exist in mobile station RRC  and the network RRC. The establishment of a down-link TBF can be accomplished as follows:

1 The RRC on the network side sends a  RLC-Data-IND to RLC at the service access point RB0.

2 The RLC responds with a CRLC-TBF-Status-IND at the control  service access point to indicate that for RB0  no TBF is established. 

3 Before starting  the TBF establishment procedure, the RRC needs to locate the MS. This is done by sending  a PACKET PAGING REQUEST message to the RLC through the  radio bearer PPCH.

4 The RLC forward the PACKET PAGING REQUEST message to the MAC through the service access point PPCH, using a primitive MAC-Data-REQ.

5 The MAC forward the PACKET PAGING REQUEST message to the PHY through the service access point PPCH, using a primitive  PHY-Data-REQ.

6 On the mobile station side, the message PACKET PAGING REQUEST is received and forwarded by PHY to the MAC in a primitive PHY-Data-IND through the service access point PPCH

7 The MAC forwards the message to the RLC through the service access point PPCH, using  a primitive MAC-Data-IND.

8 The RLC forwards the message to the RRC through the service access point PPCH, using  a primitive RLC-Data-IND

9 The RRC of the mobile station responds to the PACKET PAGING REQUEST with  a PACKET CHANNEL REQUEST sent to RLC through the service access point PRACH, using a primitive RLC-Data-REQ

10  The RLC forwards the PACKET CHANNEL REQUEST to the MAC through the service access point PRACH or RACH, using a primitive MAC-Data-REQ

11 The MAC forwards the message to the PHY through the service access point PRACH or RACH, using a primitive PHY-Data-REQ.

12  On the mobile station side, the message PACKET CHANNEL REQUEST is received and forwarded by the PHY to the MAC through the service access point PRACH or RACH, using a primitive PHY-Data-IND.

13 The MAC forwards the message to the RLC through the service access point PRACH or RACH, using a primitive MAC-Data-IND

14 The RLC forwards the message to the RRC through the service access point PRACH, using a primitive RLC-Data-IND

15 Now, both RB0 and the associated PACH are in transfer state and the network can notify the mobiles station of its state by sending a PACKET DOWNLINK ASSIGNMENT message, using a primitive RLC-Data-REQ,  MAC-Data-REQ and PHY-Data-REQ through the service access points PAGCH of the layers RLC, MAC and PHY  subsequently. The message contains the TFI of the TBF to be established.

16 On the mobile station side, the message PACKET DOWNLINK ASSIGNMENT is received and forwarded by the PHY to  the MAC, from the MAC to the RLC and from the RLC to the RRC through  the respective service access points PAGCH, using primitives  PHY-Data-IND,  MAC-Data-IND and  RLC-Data-IND, respectively.

17 Upon receipt of   PACKET DOWNLINK ASSIGNMENT by the mobile station,  the RRC of the MS instructs the RLC to map RB0 and PACH with the TBF  by sending  a CRLC-Start-TBF-REQ to the control service access point. The message contains the TFI  and  by then the mobile station is ready to receive through RB0.

18 To acknowledge the successful TBF establishment, RRC at MS side sends  a PACKET CONTROL ACKNOWLEDGMENT message through the service access point PACCH, using a primitive  RLC-Data-REQ. The message is forwarded from the RLC to the MAC, and from the MAC to the PHY subsequently, using the primitives  MAC-Data-REQ and  PHY-Data-REQ through the respective service access points PACCH.

19 On the network side, the message PACKET CONTROL ACKNOWLEDGMENT is receive by the PHY and forwarded by the PHY to the MAC, from the MAC to the RLC and from the RLC to the RRC subsequently, using the primitives PHY-Data-IND,  MAC-Data-IND and  RLC-Data-IND through the respective service access points PACCH.

20 Upon receiving PACKET DOWNLINK ASSIGNMENT, the network RRC instructs RLC to start the TBF by sending a CRLC-Start-TBF-REQ through the control service access point. The message includes the TFI. The network is now ready to send  through RB0.

21 Since the data are already buffered at RLC, when polled by MAC,  the RLC forwards the data to the MAC using a primitive MAC-Data-REQ through the service access point PDTCH. The MAC forwards the data to the PHY using a primitive PHY-Data-REQ through the service primitive GTCH.

22 On the mobile station side, the received data are forwarded by the PHY to the MAC through the service access point GTCH using a primitive PHY-Data-IND. The MAC forwards the data to the RLC through the service access point PDTCH using a primitive MAC-Data-IND. The RLC forwards the data to RRC through the service access point RB0 using a primitive RLC-Data-IND.

23 The RLC informs RRC if the data were received successfully (e.g. RLC block bit-map) by sending a  CRLC-TBF-Status-IND.

24 On the mobile station,  the RRC sends a PACKET DOWNLINK ACKNOWLEDGMENT message to  peer RRC by first sending  it to RLC using a primitive  RLC-Data-REQ.  The RLC forwards the message to the MAC through the service access point PACCH using a primitive MAC-Data-REQ. The MAC forwards the message to the PHY through the service access point GTCH using a primitive PHY-Data-REQ.

25 On the network side, the received message PACKET DOWNLINK ACKNOWLEDGMENT  is forwarded by the PHY to the MAC through the service access point GTCH using a primitive PHY-Data-IND. The MAC forwards the message to the RLC through  the service access point PACCH using a primitive  MAC-Data-IND. The RLC forwards the message to the RRC through the service access point PACCH using a primitive RLC-Data-IND.

26 Upon receipt of the message PACKET DOWNLINK ACKNOWLEDGMENT the RRC of the network released the TBF by sending a primitive CRLC-Release-TBF-REQ to RLC, which releases the resource associated with the TFI. The RRC also sends CMAC-Release-TBF-REQ  and  CPHY-Release-TBF-REQ to the MAC and the PHY, respectively, to release the resource associated with the TFI.

27 One the mobile station side, the RRC sends  a primitive CRLC-Release-REQ to the  RLC control SAP to release the TBF and the association between RB0 and TFI. The RRC also sends primitives CMAC-Release-TBF-REQ and CPHY-Release-TBF-REQ to the MAC and the PHY, respectively, to release the resource associated with the TFI.

Scenario 5: Setup of a  RB with Dedicated MAC over OSTCH

Assume the signaling radio bearer RB0 is already established according the procedure described in scenario. Then, upon receiving a RAB setup request from the core network, a  radio bearer RB2 is established with acknowledged RLC mode and  shared MAC mode over GTCH, for user plane signaling, e.g. SIP CC. For user plane data transfer, e.g. real time application,  the establishment of a third radio bearer, say  RB1 ,with transparent RLC mode and dedicated MAC mode over OSTCH for the purpose of real time service can be accomplished by the following procedure:

19. On receipt of RAB Assignment Request the RRC initiates the procedure of radio bearer establishment for the new radio bearer RB1 and SACCH,  in which it first allocate dedicated resources to RB1 and SACCH, then it sends  CPHY-Config-REQ to PHY ,  CMAC-Config-REQ to  MAC and  CRLC-Config-REQ to RLC through the respective control SAPs.
20. Optionally, RRC reconfigure RB0, RB2 and PACCH onto the same dedicated radio resource OSTCH by sending CRLC-Config-REQ to RLC and a CPHY-Config-REQ to PHY.
21. Now, having secured the resource, the network notifies the mobile of its state by starting a paging procedure as described in scenario 4., step 8 through  step 14. 
22. Having received the PACKET CHANNEL REQUEST message from the mobile, the network sends a  RADIO BEARER SETUP   message including all parameters required to establish  to configure RB1 and SACCH and   RB0,  RB2 and the associated PACCH . 
23. Having set RB0, RB1, BR2, SACCH and PACCH in to transfer mode, the mobile station sends a RB SETUP COMPLETION message to the network via the corresponding service access points .
24. From now on, the mobile and the network can send data  bi-directionally through service access points RB1, TCH and OSTCH.
25. On completion of the data transfer, the network RRC sends a RADIO BEARER RELEASE REQUEST message to the mobile station  RRC. 
26. The response of mobile station is RADDIO BEARER RELEASE  CONFIRMATION sent through the service access point PACCH. Then the mobile station release all resources associated with RB0, BR1, RB2, SACCH and PACCH.
27. The network release all resources associated with RB0,RB1, BR2,SACCH and PACCH on receipt of  the RADIO BEARER RELEASE CONFIRMATION message.
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