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Control Channel and Radio Bearers for GERAN Signaling

Introduction

This contribution examines the GERAN signaling requirements and options to support the signaling messages. It proposes a set of signaling radio bearers for RRC messages. The emphasis is on signaling over dedicated control channel and the use of signaling radio bearers over PDTCH. The proposal assumes current functional split between RRC and MAC.

1.1 RRC Control Messages

RRC control messages belong to following three basic categories: 

· Non-Access Stratum (NAS) messages, namely L3 SM/MM/SMS messages. These messages are encapsulated within RRC Initial Direct Transfer, Uplink Direct Transfer, and Downlink Direct Transfer messages.  

· New Access Stratum (AS) messages that are based on UTRAN 25.331. For example, RB management, RRC connection management messages, etc. For the discussion of this contribution, these messages are called new RRC messages.

· Existing RR messages as currently specified in 04.18. For example, Handover messages and measurement report messages, etc.

1.2 RLC/MAC Control Messages

RLC/MAC control messages are those specified currently in 04.60. 

Signaling Radio Bearers

In alignment with UTRAN [25.331], following signaling radio bearers (SRBs) are introduced for transferring RRC control messages.

· RB 1. For AS RRC messages using Unacknowledged mode RLC (UM-RLC).

· RB 2. For AS RRC messages using Acknowledged mode RLC (AM-RLC). It is also used for Initial Direct Transfer message using AM-RLC.

· RB 3 and RB 4. For Uplink Direct Transfer and Downlink Direct Transfer messages using AM-RLC. RB 3 is for “high priority” NAS messages and RB 4 is for “low priority” NAS messages. The priority is set by the NAS layers. If RB 4 is not available, RB 3 is used.  

The signaling RBs are established without explicit RB Setup signaling, i.e., RLC instances are created, when MS powers up. To send RRC AS and NAS messages, a TBF needs to be established for the respective SRB when shared physical sub-channel (SPSCH) is allocated. If DPSCH is allocated to an MS, all SRBs (1-4) are re-configured onto the DPSCH with a TFI assigned to each SRB. 

Alternatively, it may be desirable to optimize some RRC procedures, such as Cell Update, etc., by avoiding the overhead of TBF establishment for transporting each RRC [25.331] message. However, new RLC/MAC procedures and primitives between RRC and RLC/MAC need to be defined for the optimization of respective RRC procedures.

Existing RR messages as specified in 04.18 are carried using LAPDm on RR control channels, namely BCCH, CCCH, SDCCH, FACCH and SACCH. It is not necessary to define SRB for 04.18 RR messages. 
RLC/MAC control messages as specified in 04.60 are carried using MAC control channels, namely PCCCH and PACCH. It is not necessary to define SRB for RLC/MAC control messages. 

2 Options for GERAN Signaling

2.1 Definition of GERAN Signaling Options

For RRC Control messages (excluding existing SACCH messages) there are following 4 options depending on which L2 protocol (RLC/MAC and/or LAPDm) is used and the channel availability.
· RLC/MAC/PDTCH: RLC/MAC data blocks and associated procedures (as defined in 04.60) with PDTCH channel coding and interleaving. 

· RLC/MAC/FACCH: RLC/MAC data blocks and associated procedures (as defined in 04.60) with FACCH channel coding and interleaving, as proposed in Ref. [1] in which Payload Type field is used by the MAC to differentiate between RLC/MAC or LAPDm payload.

· LAPDm/MAC/FACCH: LAPDm (FACCH) block and associated procedures (as specified in 04.06) with FACCH channel coding and interleaving. This is for existing 04.18 RR messages.
· LAPDm/MAC/PACCH: LAPDm (FACCH) block and associated procedures (as specified in 04.06) with PACCH channel coding and interleaving, as proposed in Ref. [1] in which Payload Type field is used by the MAC to differentiate between RLC/MAC or LAPDm payload. This is for existing 04.18 RR messages.

For the existing SACCH messages (e.g. measurement report), it is proposed to reuse existing procedures over LAPDm. 

· LAPDm/MAC/SACCH: LAPDm (SACCH) block and associated procedures (as specified in 04.06) with SACCH channel coding and interleaving
For RLC/MAC control messages, there are following two options depending on the channel availability. 

· MAC/PACCH: RLC/MAC control blocks and associated procedures (as specified in 04.60) with PACCH channel coding and interleaving. This is used for RLC/MAC control messages.
· MAC/FACCH: RLC/MAC control blocks and associated procedures (04.60) with FACCH channel coding and interleaving, as proposed in Ref. [1]. This is used for RLC/MAC control messages.
Note: 

a) In this contribution, FACCH/SACCH/PACCH are used to describe the logical channels exposed at the top of physical layer and are not to be confused with other uses of these terms in the GSM specifications. 

b) PTCCH is not addressed in this contribution.

2.2 Proposed Usage of L2 Protocol for RRC Signaling

There are two candidate L2 protocols that can be used for the RRC signaling, namely RLC/MAC and LAPDm, respectively. As currently specified in 04.06, LAPDm supports signaling over BCCH, PCH, AGCH, and DCCH (including SDCCH, FACCH and SACCH). However, LADPm does not support signaling over shared physical sub-channel. Other requirements to consider when selecting a L2 protocol are the ciphering and integrity protection for the RRC signaling messages, details see companion contribution [3]. 

With the motivation to re-use existing procedures, minimize the specification effort and satisfy the requirements for the new RRC signaling, it is proposed to use RLC/MAC for the new RRC control messages and LAPDm for the existing RR messages.

Table 1 shows GERAN signaling options using RLC/MAC for new RRC messages and LADPm for existing RR messages, depending on the availability of dedicated control channel(s). Appendix A discusses scenarios 1-4 in detail.

Table 1. GERAN Signaling options.
#
Channel Allocation
GERAN Signaling Options


Logical Channel Combination
Physical Channel
New RRC Msg 

High Priority USB (SIP)1
Existing RR Msg (04.18)
RLC/MAC Control Msg

(04.60)

1
PDTCH+

PACCH+PTCCH
SPSCH
RLC/MAC/PDTCH
N/A
MAC/PACCH

2
PDTCH +

 PACCH + SACCH
DPSCH
RLC/MAC/PDTCH
LAPDm/MAC/PACCH

Required, e.g. Handover.
LADPm/MAC/SACCH

Required, e.g. measuremnt report.
MAC/PACCH

3
TCH+

FACCH+SACCH

(Applicable for TCH/Q, ECSD, or legacy trx)
DPSCH
i) RLC/MAC/FACCH

Mandatory for legacy trx support of SIP.

ii) LAPDm/MAC/FACCH2
i) LAPDm/MAC/FACCH
LAPDm/MAC/SACCH
MAC/FACCH

4
TCH+PDTCH+

FACCH+PACCH+

SACCH
DPSCH
i) RLC/MAC/PDTCH

Preferred in PDTCH mode.

ii) RLC/MAC/FACCH

Preferred for short msg when in TCH mode.

iii) LAPDm/MAC/FACCH2
i) LAPDm/MAC/PACCH
Preferred in PDTCH mode.

ii) LAPDm/MAC/FACCH
Preferred in TCH mode.

LAPDm/MAC/SACCH
i) MAC/PACCH

Preferred in PDTCH mode.
ii) MAC/FACCH

Preferred in TCH mode.

Note1. SIP messages are carried transparently by GERAN as user plane data. User plane Radio Bearer (USB) is established with higher priority for SIP.  It is included here for completeness and to demonstrate that same options also apply for 25.331 RRC messages. 

Note 2. A general issue with using LAPDm for new RRC messages is the need to add ciphering functionality at LAPDm. 

Legend: 
Bold – This is mandatory.

Underline  - This is a preferred option under certain condition.
2.3 Discussions on Alternatives of L2 Protocol for RRC Signaling

During the last GERAN Adhoc meeting (#3), discussions on the RRC signaling were centered on which L2 protocol to use and the desirability of a single L2 protocol for RRC signaling. This section summaries some of the issues.
Issues related to using only LAPDm for RRC signaling (least preferred alternative).

· LADPm does not support signaling over shared physical sub-channel. This is an issue for the new RRC messages, which need to be supported over both shared and dedicated physical sub-channels.
· New RRC messages (both AS and NAS) need to be ciphered and integrity protected. Currently LAPDm does not support ciphering.

· Window size k = 1. Even though the protocol allows other window size, this is still a change to the existing protocol operation.

· Maximum size of L3 message is 251 bytes. This might be an issue if SMS is to be carried as NAS messages.
· Limited to CS-1 channel coding.
Issues related to using only RLC/MAC for RRC signaling. 
· Still need to support LAPDm for signaling over BCCH, PCH, AGCH, etc.

· There is potentially more overhead when RLC/MAC is used over SACCH in comparison with LAPDm.
3 Conclusions and Recommendations

Following recommendations are made based on the analysis presented in the contribution.

· Define signaling radio bearers 1 – 4 for RRC AS and NAS messages as described in section 2. 

· When a DPSCH is allocated, re-configure all SRBs over DPSCH with TFI assigned per SRB.

· Support the mandatory signaling options (defined in section 3.1) as identified in Table 1, namely

a) RLC/MAC/PDTCH and RLC/MAC/FACCH for AS and NAS RRC procedures.

b) LAPDm/MAC/PACCH and LAPDm/MAC/FACCH for 04.18 RR procedures.

c) MAC/PACCH for 04.60 RLC/MAC control procedures.

Note that with this approach, there is no need to define signaling radio bearers for current 04.18 RR messages and 04.60 RLC/MAC control messages.  Note also that MAC/FACCH is not considered a mandatory option, but offers additional flexibility that may be desirable.

It is highly desirable to discuss and reach consensus on the options for GERAN signaling. 
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Appendix A Detail Discussion on the Signaling Options

A. 1. Signaling on PDTCH/PACCH over SPSCH

Scenario #1 (shown in Figure 1) discusses the signaling options when one or more shared physical sub-channel to an MS. The dedicated channels available for signaling are PACCH and PDTCH. 

Options for AS and NAS RRC messages (SRB 1-4), and SIP messages (USB):

· RLC/MAC/PDTCH. 

TBF needs to be established explicitly for the respective SRBs and/or URB (for SIP) when there is message to send. Examples are additional RB Setup, allocation of additional DPSCH, etc.

Options for RLC/MAC messages:

· MAC/PACCH. 

Examples are TBF establishment with/without additional SPSCH allocation, Packet Ack/nack messages, etc.
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Figure 1. Signaling on PDTCH/PACCH over SPSCH
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Figure 2. Signaling on PDTCH/PACCH/SACCH over DPSCH
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A. 2. Signaling on PDTCH/PACCH/SACCH over DPSCH

Scenario #2 (shown in Figure 2) discusses the signaling options when dedicated physical sub-channel is allocated to an MS with PDTCH, e.g. for streaming RB. The dedicated channels available for signaling are PACCH, SACCH and PDTCH. 

Options for new AS and NAS RRC messages (SRB 1-4), and SIP messages (USB):

· RLC/MAC/PDTCH. Examples are additional RB Setup, allocation of additional DPSCH, etc.

At the time DPSCH is allocated, all SRBs are mapped onto the DPSCH with TFI assigned per SRB for the duration of the DPSCH allocation. For SIP signaling using USB, however, TBF needs to be established when there is data to send. 
Options for existing 04.18 RR messages:

· LAPDm/MAC/PACCH. This option provides a straightforward mechanism for 04.18 RR messages when there is only PACCH available. Examples are handover procedures, etc. 
· LAPDm/MAC/SACCH. Examples are measurement report procedures.
Options for RLC/MAC messages:

· MAC/PACCH. Examples are TBF establishment with/without additional SPSCH allocation, Packet Ack/nack messages, etc.
A. 3. Signaling on FACCH/SACCH over DPSCH

Scenario 3  (shown in Figure 3) discusses the signaling options when dedicated physical sub-channel is allocated to an MS using TCH. This scenario is applicable for TCH/Q speech, ECSD, or legacy transceiver. The dedicated signaling channels available are FACCH and SACCH. 

Once a DPSCH is allocated, default signaling RBs (1-4) are mapped onto the DPSCH with a TFI assigned to each SRB.

Options for AS and NAS RRC messages (SRB 1-4), and SIP messages (USB):

i) RLC/MAC/FACCH: For SIP messages, this option is mandatory for legacy transceiver support. For consistency, this option is preferred for SRBs. 

ii) LAPDm/MAC/FACCH. Potential drawback of this approach includes a) additional ciphering functionality needs to be added to LAPDm, b) potential problem of the limited maximum size of 251 bytes by LAPDm, especially for NAS messages if SMS is to be sent as NAS message.

Options for 04.18 RR messages:

· LAPDm/MAC/FACCH. Examples are handover messages, etc.
· LAPDm/MAC/SACCH. Examples are measurement report messages.
Options for RLC/MAC messages:

· MAC/FACCH. Examples are TBF establishment with/without additional SPSCH allocation.
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Figure 3. Signaling on FACCH/SACCH over DPSCH
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Figure 4. Signaling on PDTCH/PACCH/FACCH/SACCH on DPSCH
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A. 4. Signaling on PDTCH/PACCH/FACCH/SACCH over DPSCH

Scenario #4 (shown in Figure 4) discusses the signaling options when dedicated physical sub-channel is allocated to an MS with both TCH and PDTCH. For example, optimized speech with SIP, OS2, etc. The dedicated channels available for signaling are FACCH, SACCH, PACCH and PDTCH.

Once a DPSCH is allocated, default signaling RBs (1-4) are mapped onto the DPSCH with a TFI assigned to each SRB.

Options for AS and NAS RRC messages (SRB 1-4), and SIP messages (USB):

i) RLC/MAC/PDTCH. This is the preferred option when in PDTCH mode. See discussion in 4.2.

ii) RLC/MAC/FACCH. This option is preferred for short RRC messages when in TCH mode. Alternatively, option i) can be used for SRBs and high priority SIP messages. 

iii) LAPDm/MAC/FACCH. Potential drawback of this approach includes a) duplication of new RRC procedures to be supported using LAPDm (the procedures must be supported on RLC/MAC as in section 3.2 and 3.3), and b) loss of priority control with SRBs, since SRB does not apply to LAPDm.

Options for 04.18 RR messages:

i) LAPDm/MAC/FACCH. Preferred option when in TCH mode. Examples are handover messages, etc.
ii) LAPDm/MAC/PACCH. Preferred option when in PDTCH mode.
Options for RLC/MAC messages:

i) MAC/PACCH. Examples are TBF establishment with/without additional SPSCH allocation. This is the preferred option when in PDTCH mode.

ii) MAC/FACCH. This is the preferred option when in TCH mode.

A. 5. Signaling with Additional SPSCH Allocated

Figures 5-8 show the signaling options when new SPSCH is allocated in addition to the existing SPSCH or DPSCH. All the options discussed in sections 3 apply. 
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Figure 5. Signaling options on multiple PDTCH/PACCH over SPSCHs.
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Figure 6. Signaling options on PDTCH/PACCH /SACCH over SPSCH and DPSCH.
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Figure 7. Signaling options on PDTCH/PACCH/FACCH/SACCH over SPSCH and DPSCH.
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Figure 8. Signaling options on PDTCH/PACCH/FACCH/SACCH over SPSCH and DPSCH.
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