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signalling scenarios in GERAN dedicated mode

1. introduction

This contribution illustrates few signalling scenarios to be used in GERAN dedicated mode i.e. when DPSCH is allocated for the MS. The aim of these scenarios is to depict interactions between RRC and MAC protocols and to show that the presented RRC state model and MAC states in [1] are functional. The interactions are described only within MS. The network is shown as a one entity. Because interprotocol primitives are not standardised all parameters are not described and different implementations may use different parameters in service primitives. 

2. signalling on DPsch/tch

This scenario illustrate how control plane L3 signalling is done on DPSCH/TCH. It proposes that all signalling is done on FACCH using LAPDm. That is because currently specified RLC blocks cannot be sent on FACCH without modifications on block structure. The reason is stealing flags that are used to indicate FACCH. New FACCH type of control channel could be defined (not included in current Stage 2 document) but that would decrease the Hamming distance between the stealing bits and that would degrade the system performance.
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1. PDP context is activated for conversational service.

2. A dedicated physical subchannel (DPSCH) is allocated by the GERAN. Allocation is sent on packet data traffic channel (PDTCH) on shared physical subchannel (SPSCH).

3. The received downlink RLC blocks are acknowledged on PACCH.

4. RLC transfers the received L3 message to RRC and MAC goes to idle mode.

5. RRC received a channel assignment for a DPSCH and MAC is informed about that. RRC goes to Cell_dedicated state and MAC goes to Dedicated mode.

6. RRC request LAPDm to send Radio bearer setup complete message,

7. That is sent on FACCH on allocated TCH/DPSCH.

8. L3 control protocols request RRC to send NAS message.

9. RRC request LAPDm to send NAS message that is encapsulated in Uplink direct transfer RRC message.

10. RRC message is sent on FACCH.

11. NAS message is received also on FACCH. 

12. LAPDm transfers the received RRC message to RRC, that

13. Transfers NAS message to upper layers.

3. sending low priority data on dpsch/tch (OS2)

Low priority data is sent during DTX periods. If acknowledgments in other direction are too slow when DTX is applied, then acknowledgement can be done on SACCH/PACCH as proposed in the next scenario.
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1. TCH/DPSCH is allocated as depicted in the previous signalling scenario. RRC goes to Cell_Dedicated state and MAC goest to dedicated mode.

2. PDCP request RLC to send data in acknowledged mode.

3. There is no PDTCH allocated and MAC is in Dedicated mode. Therefore it requests RRC to send Packet channel request. MAC indicates the radio bearer (RBid) from which data is requested to send and the length of data (LI) if known.

4. RRC checks the QoS parameters associated to RBid and length of data to be sent and decides to use DTX periods for sending user plane data. PDTCH is allocated using implicit allocation i.e. no explicit resources are allocated by dynamic or fixed allocation but physical layer multiplexes PDTCH on DPSCH during DTX periods.  RRC remains in Cell_Dedicated state and MAC goes to DTM mode.

5. MAC sends data to physical layer which sends data when DTX periods occur.

6. Speech codec detects silent period and a SID frame is sent on TCH.

7. Physical layer sends now RLC blocks on PDTCH that is multiplexed on DPSCH.

8. RLC/MAC is informed that all the requested RLC blocks have been sent.

9. SID frame is received in downlink.

10. GERAN multiplexes PACCH on DPSCH and acknowledgements of the received RLC blocks are sent.

11. Received RLC blocks are sent to RLC/MAC that interprets the MAC control message i.e. Packet uplink ack/nack.

12. PDCP is confirmed about succesful data transmission.

13. MAC also informs RRC about radio bearer status i.e. radio bearer is now inactive, all data from the buffer has been sent. RRC remains in Cell_Dedicated state and MAC goes to dedicated mode.

14. SID frame is again received on TCH followed by

15. RLC blocks.

16. The received blocks are sent to RLC/MAC that  identifies the radio bearer (TFI identifies the radio bearer).

17. RRC is informed about the radio bearer status e.g. radio bearer active in downlink. RRC remains in Cell_Dedicated state and MAC remains in DTM mode.

18. RLC acknowledges the received RLC blocks.

19. When DTX period occurs first SID frame is sent, then

20. Physical layer sends the blocks.

21. RLC/MAC is informed that all the requested RLC blocks have been sent.

22. RRC is informed about the radio bearer status e.g. radio bearer is agin inactive. RRC remains in Cell_Dedicated state and MAC remains in DTM mode.

4. High priority data on dpsch/tch

High priority data e.g. SIP signalling cannot wait DTX periods but it has to steal speech frames
. This scenario proposes that the MS cannot steal speech frames for user plane traffic by its own decision but it has to first request GERAN to allocate PDTCH for DPSCH. The MS sends DTM request to ask PDTCH channel. A packet channel is assigned using Packet assignment. 
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1. TCH/DPSCH is allocated as depicted in the previous signalling scenario. RRC goes to Cell_Dedicated state and MAC goest to dedicated mode.

2. PDCP request RLC to send data in acknowledged mode.

3. There is no PDTCH allocated and MAC is in Dedicated mode. Therefore it requests RRC to send Packet channel request. MAC indicates the radio bearer (RBid) from which data is requested to be sent and the length of data (LI) if known.

4. RRC checks the QoS parameters associated to RBid and length of data to be sent and decides to request a PDTCH from the network using DTM request. The message is sent using LAPDm services.

5. DTM request is sent on FACCH.

6. GERAN allocates a PDTCH for RBid. The assignment message is sent on FACCH.

7. LAPDm transfers the received message to RRC.

8. In this case the PDTCH is allocated on the same DPSCH using fixed allocation. RRC configures RLC/MAC accordingly. RRC remains in Cell_Dedicated state and MAC goes to DTM mode.

9. RLC blocks are sent according to fixed allocation on PDTCH/DPSCH.

10. RLC blocks are acknowledged on PACCH/SACCH. Because all RLC blocks were not received correctly a new allocation is included in Packet uplink ack/nack message.

11. Negatively acknowledged RLC blocks are retransmitted on newly allocated PDTCH/DPSCH.

12. The rest of the blocks have now been received correctly and acknowledged.

13. PDCP is confirmed about succesful data transmission.

14. MAC informs RRC about the radio bearer status i.e. radio bearer is now inactive, all data from the buffer has been sent. RRC remains in Cell_Dedicated  state and MAC goes to Dedicated mode.

5. spsch allocation on dpsch/tch + PDP context activation

This scenario illustrates the case when a new PDP context is established and the related radio bearer is also setup. Based on the QoS requirements SPSCH/PDTCH channel is allocated for the user data transmission. The channel request and channel allocation is done on DPSCH/FACCH like in DTM. When the MAC goes to idle mode (after a delay) and a PDTCH should be allocated again, that is done again on DPSCH/FACCH channel.
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1. TCH/DPSCH is allocated as depicted in the previous signalling scenarios. RRC goes to Cell_Dedicated  state and MAC goest to dedicated mode.

2. SM request RRC to transfer PDCP context activation message.

3. NAS message is encapsulated in Uplink direct transfer RRC message that is requested to be sent using LAPDm services.

4. SM message is sent on FACCH.

5. The response from the network is also received on FACCH.

6. LAPDm transfers the received RRC message to RRC, that

7. Transfers it to upper layers.

8. GERAN sends Radio bearer setup message on FACCH.

9. LAPDm transfers the received RRC message to RRC.

10. Lower layers are configured according to parameters received in Radio bearer setup message.

11. PDCP is also configured.

12. RRC sends Radio bearer setup complete message as a response to GERAN 

13. On FACCH.

14. PDCP request RLC to send data in acknowledged mode.

15. There is no PDTCH allocated and MAC is in dedicated mode. Therefore it requests RRC to send Packet channel request. MAC indicates the radio bearer (RBid) from which data is requested to be sent and the length of data (LI) if known.

16. RRC checks the QoS parameters associated to RBid and length of data to be sent and decides to request a PDTCH from the network using DTM request. The message is sent using LAPDm services.

17. DTM request is sent on FACCH.

18. GERAN allocates a PDTCH for RBid. The assignment message is sent on FACCH.

19. LAPDm transfers the received message to RRC.

20. In this case the PDTCH is allocated on the SPSCH using dynamic allocation. RRC configures RLC/MAC accordingly. RRC remains in Cell_Dedicated  state and MAC goes to DTM mode.

21. RLC blocks are sent according to dynamic allocation on SPSCH/PDTCH

22. RLC blocks are acknowledged on SPSCH/PACCH. 

23. PDCP is confirmed about succesful data transmission.

24. MAC informs RRC about the radio bearer status i.e. radio bearer is now inactive, all TBFs have been released. RRC remains in Cell_Dedicated  state and MAC goes to dedicated mode.

6. spsch allocation on tch, PDP CONTEXT EARLIER

This scenario illustrate the case when PDP context and the related radio bearer have been activated and setup earlier. Actually this scenario is a continuation from the previous one i.e. the next PDCP pdu is transmitted like this.
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1. TCH/DPSCH is allocated as depicted in the previous signalling scenarios. RRC goes to Cell_Dedicated state and MAC goest to dedicated mode.

2. PDCP request RLC to send data in acknowledged mode.

3. There is no PDTCH allocated and MAC is in Dedicated mode. Therefore it requests RRC to send Packet channel request. MAC indicates the radio bearer (Rbid) from which data is requested to be sent and the length of data (LI) if known.

4. RRC checks the QoS parameters associated to RBid and length of data to be sent and decides to request a PDTCH from the network using DTM request. The message is sent using LAPDm services.

5. DTM request is sent on FACCH.

6. GERAN allocates a PDTCH for RBid. The assignment message is sent on FACCH.

7. LAPDm transfers the received message to RRC.

8. In this case the PDTCH is allocated on the SPSCH using dynamic allocation. RRC configures RLC/MAC accordingly. RRC remains in Cell_Dedicated state and MAC goes to DTM mode.

9. RLC blocks are sent according to dynamic allocation on SPSCH/PDTCH

10. RLC blocks are acknowledged on SPSCH/PACCH. 

11. PDCP is confirmed about succesful data transmission.

12. MAC informs RRC about the radio bearer status i.e. radio bearer is now inactive, all TBFs have been released. RRC remains Cell_Dedicated state and MAC goes to dedicated mode.

7. spsch allocation WHEN BOTH tch AND SPSCH ALREADY EXISTS

This scenario illustrates the case when a SPSCH was allocated on DPSCH/TCH and during data transmission on the shared channel a new TBF is requested to be established. Although MAC is in DTM mode a Packet resource request and Packet assignment are sent on PACCH of the active TBF i.e. not on FACCH as was the case for the first TBF. 
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1. TCH/DPSCH is allocated as depicted in the previous signalling scenarios. RRC goes to Cell_Dedicated state and MAC goest to dedicated mode.

2. PDCP request RLC to send data for radio bearer a in acknowledged mode.

3. There is no PDTCH allocated and MAC is in Dedicated mode. Therefore it requests RRC to send Packet channel request. MAC indicates the radio bearer (RB(a) in this case) from which data is requested to be sent and the length of data (LI).

4. RRC checks the QoS parameters associated to RB(a) and length of data to be sent and decides to request a PDTCH from the network using DTM request. The message is sent using LAPDm services.

5. DTM request is sent on FACCH.

6. GERAN allocates a PDTCH for RB(a). The assignment message is sent on FACCH.

7. LAPDm transfers the received message to RRC.

8. PDTCH is allocated on the SPSCH using dynamic allocation. RRC configures RLC/MAC accordingly. RRC remains in Cell_Dedicated state and MAC goes to DTM mode.

9. RLC blocks are sent according to dynamic allocation on SPSCH/PDTCH for radio bearer a (TFI(a)).

10. PDCP request RLC to send data for radio bearer b.

11. A new packet resource request for the radio bearer b is sent on PACCH.

12. GERAN sends Packet uplink assignment also on PACCH.

13. RLC blocks for radio bearer a are acknowledged on SPSCH/PACCH. 

14. PDCP is confirmed about succesful data transmission for radio bearer a.

15. RLC blocks are sent according to dynamic allocation on SPSCH/PDTCH for radio bearer b (TFI(b)).

16. RLC blocks for radio bearer b are acknowledged on SPSCH/PACCH.

17. PDCP is confirmed about succesful data transmission for radio bearer a.

18. MAC informs RRC about the radio bearer status i.e. radio bearer is now inactive, all TBFs have been released. RRC remains in Cell_Dedicated state and MAC goes to dedicated mode.

8. tch allocation on spsch

This scenario depicts the case when a shared physical subchannel was allocated and a dedicated physical subchannel is allocated. The old SPSCH is reconfigured and MAC goes to dedicated mode state until a DPSCH has been setup. After that a shared channel or PDTCH on DPSCH is allocated as presented in previous scenarios.
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1. PDP context for background service is activated. TBF is released and MAC goes to idle state.

2. PDCP request RLC to send data.

3. RLC blocks are sent on SPSCH/PDTCH.

4. A new PDP context activation request comes from the SM.

5. RLC blocks are acknowledged on PACCH.

6. PDCP request RLC to send more data.

7. RRC transfers SM message encapsulating it in Uplink direct tranfer message.

8. PDP context is activated for conversational service.

9. RLC blocks from user plane are still transmitted on PDTCH.

10. GERAN sends Radio bearer setup for conversational radio bearer on PDTCH.

11. RLC transfers RRC message to RRC.

12. Because Radio bearer setup message was for conversational service it includes physical channel assignment information. In this scenario DPSCH/TCH allocation requires also SPSCH reconfiguration. MAC is indicated that DPSCH/TCH was allocated and MAC goes to Dedicated mode and RRC goes to Cell_Dedicated state. 
It should be noted that this is not always the case. For example, if the DPSCH can be allocated so that there is no need to change a physical channel for the PDTCH, then RRC goes directly to Cell_Dedicated state and MAC goes to DTM mode. 

13. Lower layers are configured for a new physical channel.

14. RRC confirms a channel assignment by sending Radio bearer setup complete message to GERAN.

15. Which is sent on FACCH of the new TCH.

16. RLC/MAC has still data to be sent. Because SPSCH/PDTCH needs to be reconfigured MAC requests RRC to send Packet channel request. MAC indicates the radio bearer (RBid) from which data is requested to be sent and the length of data (LI) if known.

17. RRC checks the QoS parameters associated to RBid and length of data to be sent and decides to request a PDTCH from the network using DTM request. The message is sent using LAPDm services.

18. DTM request is sent on FACCH of the new TCH.

19. GERAN allocates a PDTCH for RBid. The assignment message is sent on FACCH.

20. LAPDm transfers the received message to RRC.

21. PDTCH is allocated on the SPSCH using dynamic allocation. RRC configures RLC/MAC accordingly. RRC remains in Cell_Dedicated state and MAC goes to DTM mode.

9. conclusions

In this contribution we have presented some typical signaling flows assuming RRC & MAC state models presented in [1]

10. references

[1]  Tdoc GP-000753 "GERAN RRC states and MAC Modes and RRC Connection Mobility", Ericsson, Nokia, Siemens

� This degrades speech quality and therefore it should be used maybe only occasions when SPSCH cannot be allocated. However, the presented RRC/MAC model supports this kind of possibility automatically.
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