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SDCCH Allocation for RRC Signaling

1. Introduction

The option of allocating an SDCCH in support of RRC signaling is considered for the case where an R5 MS is camping on a CCCH and on a PCCCH (i.e. when no resources are currently allocated). There are 3 basic cases for which the transmission of RRC signaling can be initiated:

1.1 Case 1 - MS Initiated RRC Signaling

In this case the MS has an RRC message to send to the GERAN and therefore initiates a system access. This may occur when the MS is in RRC Idle mode or in RRC Connected mode.

1.2 Case 2 - GERAN Initiated RRC Signaling

In this case the GERAN has an RRC message to send to a target MS. This may occur if the target MS is in RRC Connected mode or in the RRC Idle mode when the GERAN has just received an RRC Connection Request from the MS.

· RRC Connected Mode (RRC Cell-Shared state - MAC Idle state): In this case RRC in the GERAN knows the MS location at a cell level and paging is not required.

· RRC Connected Mode (RRC GRA_PCH state - MAC Idle state): In this case RRC in the GERAN knows the MS location at a GRA level and paging is always required.

· RRC Idle Mode (the GERAN has just received an RRC Connection Request): In this case RRC in the GERAN knows the MS location at a cell level and paging is not required.

1.3 Case 3 - GERAN Solicited RRC Signaling

In this case the CN has user data payload or NAS signaling payload to deliver to an MS it considers to be in the PMM/MM Idle state state (i.e. the CN views the target MS as having a PDP context but not having an Iu signaling connection).  The CN sends a CN page to the GERAN to solicit the establishment of an Iu signaling connection by the target MS prior to payload delivery:

· RRC Connected Mode (RRC Cell-Shared state - MAC Idle state): In this case the GERAN knows the MS location at a cell level but still sends a page to the target MS to indicate that an Iu signaling connection must be established. Upon receiving the page the target MS realizes that it must establish an Iu signaling connection to the indicated CN. It then establishes an Iu signaling connection by sending an NAS message (i.e. Service Request) using an RRC Direct Transfer message as the transport envelope.

· RRC Connected Mode (RRC GRA_PCH state - MAC Idle state): In this case the GERAN realizes it must page the target MS in each cell within the applicable GRA. Upon receiving the page the target MS realizes that it must establish an Iu signaling connection to the indicated CN.  It first completes the RRC cell update procedure and then proceeds to establish an Iu signaling connection by sending an NAS message (i.e. Service Request) using an RRC Direct Transfer message as the transport envelope.

· RRC Idle Mode: In this case the GERAN realizes it must page the target MS in each cell within the Routing Area (Iu-ps) or Location Area (Iu-cs) indicated by the CN page. Upon receiving the page the target MS realizes that it must establish an RRC connection to the GERAN and an Iu signaling connection to the indicated CN. It first completes the RRC connection procedure and then proceeds to establish an Iu signaling connection by sending an NAS message (i.e. Service Request) using an RRC Direct Transfer message as the transport envelope.

2. Case 1 Analysis - MS Initiated RRC Signaling

Case 1 described in section 1 is now considered in more detail to determine the specific scenarios for which an SDCCH may be allocated as the resource to carry RRC signaling.

2.1 MS is Camping on a CCCH

The MS may do one of the following while camping on a CCCH:

Scenario 1: 

The MS is in the RRC Connected mode or RRC Idle mode. The delivery of RRC payload from MS to GERAN may be done as follows:

· The MS sends a Channel Request that indicates “one phase packet access” or “single block packet access”. 

· The MS is allocated a PDCH where contention resolution is completed and RRC payload is transmitted to the GERAN. 

· The MS releases the uplink TBF and returns to the CCCH.

· The GERAN may then use the procedure described in scenario 5 or 6 to deliver any pending RRC signaling to the target MS. 

Scenario 2: 

The MS is in the RRC Connected mode or RRC Idle mode. The delivery of RRC payload from MS to GERAN may be done as follows:

· The MS sends a Channel Request indicates “procedures that can be completed with a SDCCH”. 

· The MS is allocated an SDCCH where contention resolution is completed and RRC payload is transmitted. Note that the SDCCH can be retained for as long as necessary to complete any additional RRC signaling required in either direction.

2.2 MS is Camping on a PCCCH

The MS may do one of the following while camping on a PCCCH:

Scenario 3: 

The MS is in the RRC Connected mode or RRC Idle mode. The delivery of RRC payload from MS to GERAN may be done as follows:

· The MS sends a Packet Channel Request message that indicates “one phase access request” or “two phase access request”.

· The MS is allocated a PDCH where contention resolution is completed and RRC payload is transmitted to the GERAN. 

· The GERAN may then use the procedure described in scenario 9 to deliver any pending RRC signaling to the target MS.

Scenario 4: 

The MS is in the RRC Connected mode or RRC Idle mode. The delivery of RRC payload from MS to GERAN may be done as follows:

· The MS leaves the PCCCH and tunes to a CCCH where it sends a Channel Request that indicates “procedures that can be completed with a SDCCH”. 

· The MS is allocated an SDCCH where contention resolution is completed and RRC payload is transmitted. Note that the SDCCH can be retained for as long as necessary to complete any additional RRC signaling required in either direction.

3. Case 2 Analysis - GERAN Initiated RRC Signaling

Case 2 described in section 1 is now considered in more detail to determine the specific scenarios for which an SDCCH may be allocated as the resource to carry RRC signaling.

3.1 MS is Camping on a CCCH

The GERAN may do one of the following:

Scenario 5: 

The target MS has just sent an RRC Connection Request to the GERAN or is in the RRC Connected mode (RRC Cell-Shared state - MAC Idle state). RRC in the GERAN knows the MS location at a cell level.  RRC can send an Immediate Assignment message containing a PDCH allocation for establishing a downlink TBF. The RRC payload is then sent to the target MS using the downlink TBF. 

Scenario 6: 

The target MS has just sent an RRC Connection Request to the GERAN or is in the RRC Connected mode (RRC Cell-Shared state - MAC Idle state). RRC in the GERAN knows the MS location at a cell level.  RRC can send an Immediate Assignment message containing an SDCCH allocation. The RRC payload is then sent to the target MS using the SDCCH.

Scenario 7: 

The target MS is in the RRC Connected mode (RRC GRA_PCH state - MAC Idle state). RRC in the GERAN knows the MS location at a GRA level and paging is required to establish the precise cell in which the MS is located. The paging and subsequent delivery of RRC payload may be done as follows:

· The GERAN sends a page that indicates “packet paging” (where the associated “Channel Needed” information element indicates “Any Channel”) which triggers the “cell update procedure” in the target MS. 

· The target MS responds to the page by sending a Channel Request (on the RACH) indicating “one phase packet access”.  At this point the GERAN does not know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

· The GERAN sends the responding MS an Immediate Assignment message containing a PDCH allocation (i.e. a one phase packet access is granted or a single block packet access is granted).

· If a single block packet access is granted the target MS sends a Packet Resource Request message on the allocated uplink block to complete contention resolution. The target MS subsequently receives a Packet Uplink Assignment message containing an uplink TBF allocation.

· If a one phase packet access is granted the MS is provided with uplink TBF allocation information therein.

· The target MS uses the uplink TBF to send a Cell Update message (RRC) which allows for completion of contention resolution (if not already complete).

· The target MS releases the uplink TBF, returns to the CCCH and is in the MAC Idle state - RRC Cell-Shared state. 

· The GERAN may then use the procedure described in scenario 5 or 6 to deliver any pending RRC signaling to the target MS. Note that if an SDCCH is allocated it can be retained for as long as necessary to complete any additional RRC signaling required in either direction.

Scenario 8: 

The target MS is in the RRC Connected mode (RRC GRA_PCH state - MAC Idle state). RRC in the GERAN knows the MS location at a GRA level and paging is required to establish the precise cell in which the MS is located. The paging and subsequent delivery of RRC payload may be done as follows:

· The GERAN sends a page that indicates “RR Connection Establishment” (where the associated “Channel Needed” information element indicates “SDCCH”) which triggers the immediate assignment procedure in the target MS. 

· The target MS responds to the page by sending a Channel Request (on the RACH) indicating “procedures that can be completed with a SDCCH”. At this point the GERAN does not know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

· The GERAN sends the responding MS an Immediate Assignment message containing an SDCCH allocation.

· The target MS moves to the SDCCH where contention resolution is completed and the MS sends a Cell Update message (RRC) to the GERAN. Once the cell update procedure is completed the GERAN may send any pending RRC payload to the target MS using the allocated SDCCH. 

3.2 MS is Camping on a PCCCH

The GERAN may do one of the following:

Scenario 9: 

The target MS has just sent an RRC Connection Request to the GERAN or is in the RRC Connected mode (RRC Cell-Shared state - MAC Idle state). RRC in the GERAN knows the MS location at a cell level. RRC can send a Packet Downlink Assignment message containing a PDCH allocation for establishing a downlink TBF. The pending RRC payload is sent to the target MS using the downlink TBF. 

Scenario 10: 

The target MS is in the RRC Connected mode (RRC GRA_PCH state - MAC Idle state). RRC in the GERAN knows the MS location at a GRA level and paging is required to establish the precise cell in which the MS is located. The paging and subsequent delivery of RRC payload may be done as follows:

· The GERAN sends a Packet Paging Request message that indicates “TBF establishment” where the associated “Channel Needed” information element indicates “Any Channel”. 

· The target MS responds to the packet page by sending a Packet Channel Request (on the PRACH) indicating “cell update”.  At this point the GERAN does not know which MS is sending the Packet Channel Request (i.e. contention resolution is not yet complete).

· The GERAN sends the responding MS a Packet Uplink Assignment message containing a PDCH allocation for an uplink TBF.

· The target MS uses the uplink TBF to send a Cell Update message (RRC) which allows for completion contention resolution.

· The target MS releases the uplink TBF, returns to the PCCCH and is in the MAC Idle state - RRC Cell-Shared state.

· RRC in the GERAN can now send a Packet Downlink Assignment message containing a PDCH allocation for establishing a downlink. TBF. The pending RRC payload is sent to the target MS using the downlink TBF. 

Scenario 11: 

The target MS is in the RRC Connected mode (RRC GRA_PCH state - MAC Idle state). RRC in the GERAN knows the MS location at a GRA level and paging is required to establish the precise cell in which the MS is located. The paging and subsequent delivery of RRC payload may be done as follows:

· The GERAN sends a Packet Paging Request message that indicates “RR Connection  Establishment” where the associated “Channel Needed” information element indicates “SDCCH”. 

· The target MS moves to the CCCH where it sends a Channel Request (on the RACH) indicating “procedures that can be completed with a SDCCH”. At this point the GERAN does not know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

· The GERAN sends the responding MS an Immediate Assignment message containing an SDCCH allocation.

· The target MS moves to the SDCCH where contention resolution is completed and the target MS sends a Cell Update message (RRC) to the GERAN. Once the cell update procedure is completed the GERAN may send any pending RRC payload to the target MS using the allocated SDCCH. 

4. Case 3 Analysis - GERAN Solicited RRC Signaling

Case 3 described in section 1 is now considered in more detail to determine the specific scenarios for which an SDCCH can be allocated as the resource to carry RRC signaling.

4.1 MS is Camping on a CCCH

The GERAN may do one of the following:

Scenario 12: 

The GERAN receives a CN page for an MS it considers to be in RRC Idle mode or RRC Connected mode. It realizes that the target MS must establish an Iu signaling connection to the indicated CN. The paging and subsequent delivery of RRC payload may be done as follows:

· The GERAN sends a page that indicates “CN packet paging” where the associated “Channel Needed” information element indicates “Any Channel”. This flavor of paging indicates that the target MS needs to establish an Iu signaling connection and that an uplink TBF will be used to allow the target MS to send its next RRC message.

· The target MS responds to the page by sending a Channel Request (on the RACH) indicating “one phase packet access”.  At this point the GERAN does not know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

· The GERAN sends the responding MS an Immediate Assignment message containing a PDCH allocation (i.e. a one phase packet access is granted or a single block packet access is granted).

· If a single block packet access is granted the target MS sends a Packet Resource Request message on the allocated uplink block to complete contention resolution. The target MS subsequently receives a Packet Uplink Assignment message containing an uplink TBF allocation.

· If a one phase packet access is granted the MS is provided with uplink TBF allocation information therein.

· The target MS uses the uplink TBF to send RRC signaling as follows:

· Target MS is in RRC Idle mode. The MS sends an RRC Connection Request message (RRC) which allows for completion of contention resolution (if not already complete). 

· Target MS is in RRC Connected mode (RRC GRA_PCH state - MAC Idle state).  The MS sends a Cell Update message (RRC) which allows for completion of contention resolution (if not already complete). 

· Target MS is in RRC Connected mode (RRC Cell-Shared state - MAC Idle state).  The MS sends a Direct Transfer message (RRC) which contains a Service Request message (NAS message).  This RRC message allows for completion of contention resolution (if not already complete). 

· The MS releases the uplink TBF, returns to the CCCH and is in the MAC Idle state - RRC Cell-Shared state. 

· The GERAN may then use the procedure described in scenario 5 or 6 to deliver any pending RRC signaling to the target MS. Note that if an SDCCH is allocated it can be retained for as long as necessary to complete any additional RRC signaling required in either direction.

Scenario 13: 

The GERAN receives a CN page for an MS it considers to be in RRC Idle mode or RRC Connected mode. It realizes that the target MS must establish an Iu signaling connection to the indicated CN. The paging and subsequent delivery of RRC payload may be done as follows:

· The GERAN sends a page that indicates “Iu Connection Establishment” where the associated “Channel Needed” information element indicates “SDCCH”. This flavor of paging indicates that the target MS needs to establish an Iu signaling connection and that an SDCCH will be used to allow the target MS to send its next RRC message.

· The MS responds to the page by sending a Channel Request (on the RACH) indicating “procedures that can be completed with a SDCCH”. At this point the GERAN does not know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

· The GERAN sends the responding MS an Immediate Assignment message containing an SDCCH allocation.

· The target MS moves to the SDCCH where contention resolution is completed and the MS then sends RRC payload to the GERAN using the SDCCH as follows:

· Target MS is in RRC Idle mode. The MS sends an RRC Connection Request message (RRC).

· Target MS is in RRC Connected mode (RRC GRA_PCH state - MAC Idle state).  The MS sends a Cell Update message (RRC).

· Target MS is in RRC Connected mode (RRC Cell-Shared state - MAC Idle state).  The MS sends a Direct Transfer message (RRC) which contains a Service Request message (NAS message). 

· The SDCCH can be retained for as long as necessary to complete any additional RRC signaling required in either direction (e.g. Radio Bearer Setup).

4.2 MS is Camping on a PCCCH

The GERAN may do one of the following:

Scenario 14: 

The GERAN receives a CN page for an MS it considers to be in RRC Idle mode or RRC Connected mode. It realizes that the target MS must establish an Iu signaling connection to the indicated CN. The paging and subsequent delivery of RRC payload may be done as follows:

· The GERAN sends a Packet Paging Request message that indicates “CN TBF Establishment” where the associated “Channel Needed” information element indicates “Any Channel”. This flavor of paging indicates that the target MS needs to establish an Iu signaling connection and that an uplink TBF will be used to allow the target MS to send its next RRC message.

· The target MS responds to the Packet Paging Request by sending a Packet Channel Request (on the PRACH) indicating “one phase access request” or “two phase access request”.  At this point the GERAN does not know which MS is sending the Packet Channel Request (i.e. contention resolution is not yet complete).

· The target MS is allocated a PDCH where contention resolution is completed and RRC payload is transmitted to the GERAN using the uplink TBF as follows:

· Target MS is in RRC Idle mode. The MS sends an RRC Connection Request message (RRC).

· Target MS is in RRC Connected mode (RRC GRA_PCH state - MAC Idle state).  The MS sends a Cell Update message (RRC).

· Target MS is in RRC Connected mode (RRC Cell-Shared state - MAC Idle state).  The MS sends a Direct Transfer message (RRC) which contains a Service Request message (NAS message). 

· The target MS releases the uplink TBF, returns to the PCCCH and is in the MAC Idle state - RRC Cell-Shared state.

· The GERAN may then use the procedure described in scenario 9 to deliver any pending RRC signaling to the target MS. 

Scenario 15: 

The GERAN receives a CN page for an MS it considers to be in RRC Idle mode or RRC Connected mode. It realizes that the target MS must establish an Iu signaling connection to the indicated CN. The paging and subsequent delivery of RRC payload may be done as follows:

· The GERAN sends a Packet Paging Request message that indicates “Iu Connection  Establishment” where the associated “Channel Needed” information element indicates “SDCCH”. This flavor of paging indicates that the target MS needs to establish an Iu signaling connection and that an SDCCH will be used to allow the target MS to send its next RRC message.

· The target MS moves to the CCCH where it sends a Channel Request (on the RACH) indicating “procedures that can be completed with a SDCCH”. At this point the GERAN does not know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

· The GERAN sends the responding MS an Immediate Assignment message containing an SDCCH allocation.

· The target MS moves to the SDCCH where contention resolution is completed and the MS then sends RRC payload to the GERAN using the SDCCH as follows:

· Target MS is in RRC Idle mode. The MS sends an RRC Connection Request message (RRC).

· Target MS is in RRC Connected mode (RRC GRA_PCH state - MAC Idle state).  The MS sends a Cell Update message (RRC).

· Target MS is in RRC Connected mode (RRC Cell-Shared state - MAC Idle state).  The MS sends a Direct Transfer message (RRC) which contains a Service Request message (NAS message). 

· The SDCCH can be retained for as long as necessary to complete any additional RRC signaling required in either direction (e.g. Radio Bearer Setup).

5. Open Issues

A number of scenarios have been identified for which RRC signaling may be sent using an SDCCH in sections 2, 3 and 4 above. A number of open issues have been identified for some of these scenarios as summarized in Table 1 below.

Table 1 – Open Issues Associated with using SDCCH for RRC Signaling

Open Issues
Affected Scenarios

Issue 1 – How will contention resolution being completed when an MS has been allocated an SDCCH for RRC signaling?
2, 4, 8, 11, 13 and 15

Issue 2 – Should we allow an MS to effectively decide when an SDCCH is the appropriate resource for sending its RRC payload?  Or should this decision always be made by the GERAN?
2 and 4

Issue 3 – Can the Paging Request Type 1, 2 and 3 messages (sent on the CCCH) be modified to indicate “CN Packet Paging” when the MS must establish an Iu signaling connection and the GERAN wants a PDCH to be used for initial uplink RRC signaling?
12

Issue 4 – Can the Paging Request Type 1, 2 and 3 messages (sent on the CCCH) be modified to indicate “Iu Connection Establishment” when the MS must establish an Iu signaling connection and the GERAN wants a SDCCH to be used for uplink RRC signaling?
13

Issue 5 – Can the Packet Paging Request message (sent on PCCCH) be modified to indicate “CN TBF  Establishment” when the MS must establish an Iu signaling connection and the GERAN wants a PDCH to be used for initial uplink RRC signaling?
14

Issue 6 – Can the Packet Paging Request message (sent on PCCCH) be modified to indicate “Iu Connection Establishment” when the MS must establish an Iu signaling connection and the GERAN wants a SDCCH to be used for uplink RRC signaling?
15

Issue 7 – By allowing an MS camped on a PCCCH to decide to move to a CCCH in order to receive an SDCCH allocation, we to a certain extent let the MS determine RACH utilization. This requires the system to provide RACH dimensioning that allows for this type of additional loading. Since the MS may alternatively choose to use the PRACH to establish an uplink TBF to send its RRC signaling, the dimensioning issue becomes more complicated.
4

6. Conclusion

· The open issues identified in Table 1 of section 5 require resolution.

· Adopt the scenarios for RRC signaling sent using an SDCCH as proposed in sections 2, 3 and 4 subject to the resolution of the open issues identified in Table 1 of section 5.
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