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Mapping of Signalling Radio Bearers
1. Introduction

In pre-release 5 GSM/(E)GPRS the data link layer uses LAPDm protocol for transferring signaling information over the air interface. For Release 5, it has been agreed to replace LAPDm by RLC/MAC. With this change the restriction of having a window size 1 for L2 retransmission protocol is removed. In addition, as shared channels in any case use RLC/MAC, only one layer 2 retransmission protocol is used in GERAN from R5 onwards. The proposed change must be reflected in the specifications. The purpose of this paper is to discuss how the relation between SRBs, TBFs and logical channels is handled in release 5 and to list the required modifications in specifications. 

2. C-Plane Protocol stack (Iu)

The control plane protocol stack for GERAN Iu mode is shown below (RRC to PHY only).
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Figure 1. Control Plane protocol stack for GERAN Iu mode

3. Signalling Link: SRB, TBF, Logical Channel
In Rel5 Iu mode, a signalling link corresponds to a given Signalling Radio Bearer and its associated layer 2 logical link - established TBF - (on a given logical channel). Note that TBF applies wherever RLC/MAC protocol applies, i.e. whenever RLC/MAC is used to convey higher layer data. Therefore a TBF is in Rel5 no more tied to a PDTCH, but may be mapped on any of the following logical channels: TCH
, PDTCH, SDCCH, FACCH, SACCH. Depending on whether the logical channel is mapped on a DBPSCH or a SBPSCH, a TBF is either implicitly or explicitly established. Explicit TBF establishment corresponds to the use of (P)RACH as today in (E)GPRS, for one-phase access, two-phase access, short access (PRACH only). Implicit TBF establishment applies in all other cases (DBPSCH). 

Whenever a TBF is implicitly established it will exist as long as the corresponding radio bearer exists and the DBPSCH is allocated. The RLC entities of the SRBs are created immediately after the allocation of the DBPSCH. On SBPSCH where a TBF is setup explicitly the TBF can be released either immediately after sending existing radio blocks or it can be maintained until released based on network decision. This is done by using the so called "delayed TBF release" feature. It is implementation / operator decision how long TBFs are maintained when there is no signalling / data to be transferred. Releasing the TBF means releasing the L2 connection while maintaining the L3 context (unless RB is released as well). After TBF release, in case additional data is sent on the same RB a new TBF must be set up. This means that the mapping between the RB and the TBF may change in time.

The tables below lists the different alternatives (uplink and downlink) for conveying data from an SRB for which no signalling link exists before data transmission. It shows how a signalling link can be established depending on the RRC and MAC states the MS is in.

Signalling Link Establishment (Uplink)
After Establishment
Likelihood

RRC Mode
RRC State
MAC State
TBF Establishment
Logical Channel used for resource request
Logical Channel and BPSCH used for the TBF
New MAC State


Idle
-
Idle
Explicit
(P)RACH
PDTCH
SBPSCH
Shared
Ok







DBPSCH
Dedicated
Ok 




Implicit
RACH(
SDCCH
DBPSCH

Ok

Connected
GRA PCH

Explicit
(P)RACH
PDTCH
SBPSCH
Shared
Ok


Cell Shared






Ok



Shared
Explicit
PACCH



Ok




Implicit
TBD
SDCCH
DBPSCH
DTM
Ok


Cell Dedicated
DTM
Explicit
PACCH (on SBPSCH)
PDTCH
SBPSCH

Ok









Ok





FACCH/SDCCH



No




Implicit
No request needed(2)
PDTCH/FACCH/SACCH/SDCCH
DBPSCH

Ok



Dedicated
Explicit
FACCH/SACCH(4)/

SDCCH
PDTCH
SBPSCH

No




Implicit
No request needed(2)
PDTCH, SACCH

(E-)TCH (3), FACCH, SACCH
Dedicated
Ok

(1) SDCCH requested

(2) Transmission of the SRB may start immediately

(3) Whether [E/HS]CSD channel coding can be used for SRB is ffs.

(4) ffs

Table 1. Signalling Radio Bearers, TBF and Logical Channels

Signalling Link Establishment (Downlink)
After Establishment
Likelihood

RRC Mode
RRC State
MAC State
TBF Establishment
Logical Channel used for resource assignment
Logical Channel and BPSCH used for the TBF
New MAC State


Idle
-
Idle
Implicit
AGCH
SDCCH
DBPSCH
Dedicated
Ok




Explicit
PAGCH
PDTCH
SBPSCH
Shared
Ok 

Cell Connected
GRA PCH





Shared
Ok


Cell Shared






Ok



Shared

PACCH



Ok




Implicit
TBD
SDCCH
DBPSCH
DTM
Ok


Cell Dedicated
DTM
Explicit
PACCH (on SBPSCH)
PDTCH
SBPSCH

Ok









Ok





FACCH/SDCCH



No




Implicit
No request needed(1)
PDTCH/FACCH/SACCH/SDCCH
DBPSCH

Ok



Dedicated
Explicit
FACCH/SACCH(3)/

SDCCH
PDTCH
SBPSCH

No




Implicit
No request needed(1)
PDTCH, SACCH

(E-)TCH (2), FACCH, SACCH
Dedicated
Ok

(1) Transmission of the SRB may start immediately

(2) Whether [E/HS]CSD channel coding can be used for SRB is ffs.

(3) Ffs

It was proposed in [2] to use on SPSCH, a new RLC/MAC Payload Type ("FACCH shared"), to enable the immediate transmission of an SRB provided a TBF for a URB is already established, hence to avoid a specific TBF establishment for this SRB. Although such an approach avoids extra signalling (in UL: request on PACCH/U and assignment on PACCH/D; in DL: assignment on PACCH/D), this proposal has the following drawbacks:

· Reduced throughput for the URB as the SRB has to share the same physical resources as the URB: similar to the case where the SRB would have its own independent TBF on the same PDCHs as the URB.

· More than one RLC instances per TBF leads to a risk of mix of RLC modes on the same TBF: e.g. RLC unack for URB and RLC ack for SRBs 
· In case the URB is using RLC unack mode, would the SRB preempt the URB RLC blocks as on normal FACCH or just delay it? In any case this would lead to a decreased performance for the URB
· Extra field needed in Ack/Nack messages to ack the proper RB of a given TBF
· Shortage of the available UL resources in case the number of blocks that were asked by the MS are not sufficient to accommodate both the URB to which they were targetted, and the incoming SRBs. In this case, extra signaling is needed to get more resources (request on PACCH/U and assignment on PACCH/D, similarly to TBF establishment).

· Scheduling in the uplink is problematic. The network allocates resources on which it cannot control the traffic.

The last point is the most critical but appears in uplink only. In downlink, FACCH shared allows to send SRB data fast i.e. without need for DL TBF establishment. 

Based on the above arguments FACCH shared is considered to be potentially useful scheme in the downlink direction. However, using it in the uplink direction seems to be more problematic. Further work is still needed to clarify whether/how FACCH shared could be used in GERAN release 5.

4. Modifications in different specifications

· 43.051

Clarify the relation of (S)RB and TBF handling.

· 44.018

Replace references to LAPDm and replace SAPI references (e.g. SAPI=0) with the proper SRB.

Include the definition of a signalling link.

· 44.060

Expand the definition of a TBF. Include the different logical channel alternatives. Include the procedures on DPSCH.

5. ConclusionS

This paper proposes that the term "TBF" (layer 2 logical link) applies wherever RLC/MAC protocol applies. The definition of a signalling link is given (SRB and established TBF on a given logical channel) and the mapping of signalling radio bearers is described. It also proposes to keep the FACCH shared approach as an FFS study item until its benefits have been clearly shown. Current understanding is that the FACCH shared scheme could be useful in the downlink direction but that it should not be supported in the uplink, due to the identified disadvantages. If agreed to be used in GERAN release 5 the term FACCH shared should be reconsidered as it may lead to confusion: the logical channel used for the SRB is a PDTCH.
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