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1
Scope

The present document specifies the Radio Link Protocol (RLP) for circuit switched data transmission within an PLMN. RLP covers the Layer 2 functionality of the ISO OSI Reference Model (IS 7498). It is based on ideas contained in IS 3309, IS 4335 and IS 7809 (HDLC of ISO) as well as ITU-T X.25 and Q.92x (LAP-B and LAP-D of ITU, respectively.) RLP has been tailored to the special needs of digital radio transmission. RLP provides to its users the OSI Data Link Service (IS 8886).

RLP is intended for use with non-transparent data-transfer. Protocol conversion may be provided for a variety of protocol configurations. Those foreseen immediately are:

-
character-mode protocols using start-stop transmission (IA5);

-
X.25 LAP-B.

For reasons of better presentation, material about protocol conversion has been placed within those Specifications concerned with the relevant Terminal Adapters, i.e. 3GPP TS 27.002 for the asynchronous case and 3GPP TS 27.003 for the synchronous case. Care must be taken that that material also applies to Interworking Functions; see 3GPP TS 29.007.
The present document is valid for a 2nd generation PLMN (A/Gb mode) as well as for a 3rd generation PLMN (Iu mode). If text applies only for one of these systems it is explicitly mentioned by using the terms "A/Gb mode" and "Iu mode". Please note, that the Gb interface does not play any role in the scope of this document although the term "A/Gb mode" is used.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.
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3GPP TS 27.002: "Terminal Adaptation Functions (TAF) for services using asynchronous bearer capabilities".

[11]
3GPP TS 27.003: "Terminal Adaptation Functions (TAF) for services using synchronous bearer capabilities".
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3GPP TS 29.007: "General requirements on interworking between the Public Land Mobile Network (PLMN) and the Integrated Services Digital Network (ISDN) or Public Switched Telephone Network (PSTN)".
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ITU-T Recommendation Q.920: "ISDN user-network interface data link layer - General aspects".
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ITU-T Recommendation Q.921: "ISDN user-network interface - data link".

[16]
ITU-T Recommendation Q.921bis: "Abstract test suites for LAPD conformance tests".
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2.1
Definitions and abbreviations

In addition to the following, abbreviations used in the present document are listed in 3GPP TR 21.905 [1].


ABM
Asynchronous Balanced Mode

ADM
Asynchronous Disconnected Mode

ATM: 
Asynchronous Transfer Mode.

C/R
Command/Response bit

DISC
Disconnect frame
DM
Disconnected Mode frame
DTX
Discontinuous Transmission

FCS
Frame Check Sequence

L2R
Layer 2 Relay function

N(R)
Receive sequence number
N(S)
Send sequence number
NULL
Null information frame
P/F
Poll/Final bit

RLP
Radio Link Protocol
REJ
Reject frame
REMAP
Remap frame
RNR
Receive Nor ready frame
RR
Receive Ready frame
SABM
Set Asynchronous Balanced Mode frame
SREJ
Selected reject frame
STM: 
Synchronous Transfer Mode.

TEST
Test frame
UA
Unnumbered Acknowledge frame
UI
Unnumbered Information frame
XID
Exchange Identification frame
For the purposes of the present document, the following terms and definitions apply:

A/Gb mode: A system or a subsystem operates in A/Gb mode if an A or Gb interface is used between the radio access network and the core network. 

backwards compatibility: RLP defines several backwards-compatible versions. That means that a newer version can interwork with an older one without changing the older one. This is realized by a fall back mechanism during XID exchange.

command: instruction represented in the RLP header, causing the receiving RLP entity to execute a specific function.

frame check sequence: field of redundant information based on a cyclic code, used for error detection.

I + S frame: RLP frame that is used for user information transfer, carrying supervisory information piggyback.

improper frame: RLP frame having an FCS error or having a header the contents of which is inconsistent with this Specification.

Iu mode: A system or a subsystem operates in Iu mode if an Iu-CS or Iu-PS interface is used between the radio access network and the core network.

non-transparent: in PLMN data transmission, a configuration where at layer 2, protocol information of the fixed network is mapped on RLP elements, and vice versa.

piggybacking: means by which one and the same frame can carry both user information and RLP related supervisory information.

response: reply represented in the RLP-header, by which the sending RLP entity reports back about its status.

RLP frame: sequence of contiguous bits, representing an RLP procedural element.

RLP header: that part of an RLP frame that encodes either a command or a response, located at the beginning of the RLP frame.

S frame: RLP frame that contains supervisory information in the absence of user information.

transparent: in PLMN data transmission, a configuration where at layer 2 (and also at the layers above) no protocol conversion takes place.

U frame: RLP frame that contains unnumbered protocol control information.



3
Introduction

Three versions of RLP are defined:

-
RLP version 0: single-link basic version;

-
RLP version 1: single-link extended version (e.g. extended by data compression);

-
RLP version 2: multi-link version.

RLP uses one physical link (single-link) or from 1 up to 4 (multi-link) substreams on one or more physical links. However, the RLP multi-link version is designed to be able to support up to 8 physical links. If, in the call set-up signalling, either end indicates that it cannot support multi-link operation, neither end shall require usage of RLP-versions higher than 1. If the BC negotiation during call set-up results in a possibility for multi-link operation during the call, both ends shall require and accept RLP version 2 only.

If the BC-IE sent by the UE in the SETUP or CALL CONFIRM message indicates negotiation during call set-up results in "maximum number of traffic channels" = "1 TCH" and WAIUR ( 14.4 kbit/s and the BC-IE sent by the UE in the CALL CONFIRM message (MT case) or by the MSC in the CALL PROCEEDING message (MO case) indicates UIMI = "not required/not allowed" or "up to 1 TCH/F allowed/may be requested/allowed", this is shall be interpreted as if at least one end does not support multi-link operation, and neither end shall require RLP version higher than 1.

RLP makes use of an underlying FEC (Forward Error Correction) mechanism. For RLP to perform adequately it is assumed that the basic radio channel together with FEC provides for a block error rate of less than 10 %, where a block consists of 240 or 576 bits (Further study on the BLER for 576-bit blocks is needed). Furthermore, it is assumed that in case of multi-link RLP the difference of the delay between all physical links is less than timer T4.

In A/Gb mode, RLP frames are sent in strict alignment with the radio transmission. (For details, see 3GPP TS 44.021). RLP frames are of a  fixed size of 240 (TCH/F4.8 and TCH/F9.6 channel codings) or 576 bits (TCH/F14.4, TCH/F28.8 and TCH/F43.2 channel codings). Whenever a frame is to be sent, the RLP entity has to provide the necessary protocol information to be contained in it. In Iu mode, the RLP frame size does not depend on the channel coding, only 576 bit frames are used.

RLP entities running only in an Iu mode environment need only to support the 576 bit frame length. The REMAP function is not necessary. RLP entities running in both of the systems have to support the REMAP function. In a handover from Iu mode to A/Gb mode the frame either stays 576 bits long or changes from 576 bits to 240 bits incurring a REMAP. In a handover from A/Gb mode to Iu mode the frame either stays 576 bits long or changes from 240 bits to 576 bits incurring a REMAP.

Provision is made for discontinuous transmission (DTX).

RLP spans from the User Equipment (UE) to the interworking function (IWF), located at the nearest Mobile Switching Centre (MSC), or beyond. Depending on the exact location of the IWF, handover of the UE may result in link-reset or even total loss of the connection.

The UE shall initiate the RLP link. In addition the MSC/IWF may initiate the RLP link.

In the terminology of HDLC, RLP is used in a balanced configuration, employing asynchronous operation, i.e. either station has the right to set-up, reset, or disconnect a link at any time. Procedural means are provided for to deal with contentious situations, should they ever occur.

RLP is full-duplex in the sense that it allows for information to be transferred in both directions simultaneously.

4
Frame structure

4.1
Basic frame structure

In A/Gb mode, an RLP-frame has a fixed length of either 240 bits, used when the channel coding is TCH/F4.8 or TCH/F9.6, or 576 bits, used when the channel coding is TCH/F14.4, TCH/F28.8 or TCH/F43.2. In Iu mode, the RLP-frame has a fixed length of 576 bits.

A frame consists of a header, an information field, and an FCS (frame check sequence) field. The size of the components depends on the radio channel type, RLP version and on the RLP frame. As a benefit of using strict alignment with underlying radio transmission there is no need for frame delimiters (like flags etc.) in RLP. In consequence, there is no "bit-stuffing" necessary in order to achieve code transparency.

Next section modified

5.2.2.6
Exchange Identification, XID (11101)

The information field is to be interpreted as exchange identification. This frame is used to negotiate and renegotiate parameters of RLP and layer 2 Relay function. XID frames can be sent in both ADM and ABM.

The negotiation procedure is one step i.e. one side will start the process by sending an XID command, offering a certain set of parameters from the applicable parameter repertoire (see table 1) the sending entity wants to negotiate proposing values within the allowed range. In return, the other side will send an XID response, either confirming these parameter values by returning the requested values, or offering higher or lower ones in their place (see table 1 for sense of negotiation), except when the indicated RLP version is a lower one where a limited set of those parameters presented in the XID command may be answered according to the negotiated version. In RLP versions higher than "0", any unrecognisable parameters will be ignored. Default values will apply to those parameters which are not commented upon by the responding side (see subclause 5.4 for default values). This normally will end the negotiation process. XID frames are always used with the P/F-bit set to "1".

Without any prior XID exchange, default values will apply (see subclause 5.4). A negotiation of data compression parameters (see table 1) is only allowed in ADM. In addition, in RLP version 2, negotiation of RLP version N°(see table 1) is only allowed in ADM.

In the case of a collision of XID commands, all XID commands shall be ignored. The UE shall restart the parameter negotiation on expiry of T1, while the Interworking Function shall do so on expiry of twice the value of T1. An unsuccessful XID exchange shall be repeated on expiry of T1. After N2 times of unsuccessful repetition, the link shall be disconnected.

In table 1 a list of parameters is given which constitute the parameter repertoire. In addition, the format of the XID information field is given.

Table 1: XID parameters

Parameter Name
Type
Length
Format

(87654321)
Units
Sense of Negotiation
Valid in Versions

RLP version N°
1
1
bbbbbbbb (note1)
./.
down
( 0

IWF to UE window size
2
1
00bbbbbb
./.
down
0..1

IWF to UE window size
2
1
00bbbbbb
8
down
( 2

UE to IWF window size
3
1
00bbbbbb
./.
down
0..1

UE to IWF window size
3
1
00bbbbbb
8
down
( 2

Acknowledgement Timer(T1)
4
1
bbbbbbbb
10ms
up
( 0

Retransmission attempts (N2)
5
1
bbbbbbbb
./.
up
( 0

Reply delay (T2) (note 2)
6
1
bbbbbbbb
10ms
up
( 0

Compression
PT




P0




P1 low




P1 high




P2
7
4
aaaa

       00bb

cccccccc

cccccccc

dddddddd
./.

./.

./.

./.
none

see [15]

down

down
( 1

Re-sequencing timer (T4) **
8
1
bbbbbbbb
10 ms
up
( 2

Optional features
9
1
bbbbbbbb
./.
down
( 2

NOTE 1:
Characters "a", "b", "c" and "d" indicate a bit which is part of the parameter value in question. Parameters indicated by "a" are not negotiable.

NOTE 2:
In case of negotiation of this parameter it may be necessary to negotiate also the other timer values (e.g. "Acknowledgement timer" (T1)).

The type and length are encoded within one octet, the type field occupying bits 8 to 5 and the length field occupying bits 4 to 1; 1 resp. 5 being the least significant bit. The least significant bit shall always be transmitted first.

A parameter item consists of the type/length-octet followed by the value of that parameter, where the length-indicator gives the number of octets the value actually occupies. Such parameter items may be arranged in arbitrary order, with the exception of the RLP version number, which shall be sent first in RLP versions higher than "0". The parameter items must begin in the first octet of the XID-information field and follow on contiguously. The parameter list is delimited by parameter type zero.

Next section modified

5.2.2.9
REMAP (10001)

A REMAP-exchange can only take place in ABM following a change of channel coding. REMAP frames are always used with the P/F-bit set to "0". The exchange is started by the mobile-end which sends a REMAP command U-frame in the information field of which the RLP-entity indicates the N(R) of the frame - according to the ‘old’ frame format - from which the network-end should resend the information mapped into a frame format corresponding to the new channel coding. The mobile-end sends a REMAP-frame on every sending opportunity until a responding REMAP-frame is received from the network-end. The network-end answers by sending a REMAP U-frame with the C/R-bit set to ‘Response’. In the information-field the network-end indicates the N(R)-number of the frame from which the mobile-end should remap the information into the new frame format. The network-end responds to all REMAP-commands it receives as long as it is in the REMAP synchronisation state. The network sends a numbered S frame with poll bit P=1 or an I+S frame after the first REMAP frame to the user equipment to compel it to acknowledge the end of the REMAP condition. This frame is guarded by T1. Upon reception of an I+S frame or an S frame with the final bit  F=1 from the UE, the IWF exists the REMAP synchronisation state. Any REMAP-acknowledgement that may arrive at the mobile-end after one of them has been received is discarded by the mobile-end. The RLP shall supervise the synchronisation state by a timer with the value of N2*T1. If the network-end does not receive an appropriate U-frame within N2*T1, it enters ADM. If the mobile-end does not receive a response within N2(T1 measured from the transmission of the first command, it enters ADM.

In addition to the N(R)-information the REMAP-frame information field can include any XID-parameters that should be renegotiated because of the change of channel coding. The procedures concerning these XID-parameters are as defined in subclause 5.2.2.6 (Exchange Identification) except that the mobile-end always starts the negotiation. Also the mapping of the parameters is as defined in subclause 5.2.2.6 (Exchange Identification) except that the first two octets in the REMAP information field are occupied by the N(R)-number (The LSB is transmitted first). The information field shall always include parameter type zero, which delimits the XID-parameter list.

After the change of channel coding, default values according to the new channel coding apply until new values have been negotiated by the REMAP or XID procedure. Default values according to the new channel coding also apply for those XID parameters that are not included in the REMAP information field. Values for XID parameters whose negotiation is only allowed in ADM remain valid after change of channel coding.

Header 16 bits
N(R) 6 bits
xxxxxxxxxx
XID parameters
00000000
xxxxxx
FCS 24 bits





           
Information field either 200 or 536 bits

x= don’t care

a) version 0 and 1

Header 16 bits
N(R) 9 bits
xxxxxxx
XID parameters
00000000
xxxxxx
FCS 24 bits





           
Information field either 200 or 536 bits

x= don’t care

b) version 2

Figure 3: REMAP U-frame format
Next section modified

5.2.3.9
Upgrading Proposal bit, UP bit

In version 2, the UP bit in the S and I+S frame headers may be used by the IWF to indicate to the UE that a service level upgrading will increase the throughput, and is used in accordance with 3GPP TS 27.001 and 29.007. The usage of the UP bit is negotiated by XID exchange.

Next section modified

5.5
List of system parameters

The system parameters are as follows.

Table 2: RLP parameter values

Name
Range of values
Default value
Recommended value

Version N°
0 – 2
0
2

k UE ( IWF

(for N° = 0/1) 
0 – 61
61
61

k UE ( IWF

(for N° = 2)
0 - kmax (note 3)
480
240 (note 2)

k IWF ( UE
(for N° = 0/1)
0 – 61
61
61

k IWF ( UE
(for N° = 2)
0 - kmax (note 3)
480
240 (note 2)

T1 (note 1)
> 420 ms (version2)

> 380 ms

> 440 ms
> 600 ms
520 ms (fullrate on 14,5, 29,0 or 43,5 kbit/s)

480 ms (fullrate on 12 kbit/s)

540 ms (fullrate on 6 kbit/s)
780 ms (halfrate)
520 ms (fullrate on 14,5, 29,0 or 43,5 kbit/s)

480 ms (fullrate on 12 kbit/s)

540 ms (fullrate on 6 kbit/s)
780 ms (halfrate)

T2 (note 1)

< 80 ms (fullrate on 14,5, 29,0 or 43,5 kbit/s)

< 80 ms (fulrate on 12 kbit/s)

< 80 ms (fullrate on 6 kbit/s)

< 80 ms (halfrate)
< 80 ms (fullrate on 14,5, 29,0 or 43,5 kbit/s)

< 80 ms (fullrate on 12 kbit/s)

< 80 ms (fullrate on 6 kbit/s)

< 80 ms (halfrate)

N2
> 0
6
6

PT
0
0
0

P0
0 – 3
0
3

P1
512 – 65535
512
2048

P2
6 – 250
6
20

T4 (note 1)
> 25 ms
30 ms

50 ms  (fullrate on 14.5, 29.0 or 43.5 kbit/s)
30 ms

50 ms (fullrate on 14.5, 29.0 or 43.5 kbit/s)

Optional feature, Up signalling
0 – 1
0
1

NOTE 1:
The timer values shall fulfil the formula:

-
T1 > T2 + T4 + (2 * transmission delay) for multi-link operation;

-
T1 > T2 + (2 * transmission delay) for single link operation.
For A/Gb mode the values apply according to indicated channel types, for Iu mode the values apply according to “fullrate on 14.5” Timer T4 is ignored in Iu mode and in single-link operation.

NOTE 2:
This value is recommended in the case of 4 physical links.

NOTE 3:
The maximum window size shall fulfil the formula:
-
kmax < 496 - n * (1 + T4 / 20 ms), where n denotes the number of channels.
Any value k within the given range may be chosen.
However, to avoid transmission delay the value k should be:
-
k > n * (2 * transmission delay) / 20 ms.
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5.5.7
Optional features

The format of the optional features parameters is an octet where each bit position represents an optional feature that can be negotiated. The optional features are:

Bit position
Optional feature name

1
Up signalling

2
(Not yet assigned)

3
(Not yet assigned)

4
(Not yet assigned)

5
(Not yet assigned)

6
(Not yet assigned)

7
(Not yet assigned)

8
(Not yet assigned)

The ‘Optional Features’ parameter is negotiated bitwise in the downward sense, meaning that the value of bit i in the XID response shall be less or equal to the value of bit i in the XID command.

Up signalling: If the negotiated value of the ‘Up signalling’ feature is 1, then the UP bit in the S and I+S frame header is used for indicating an upgrading proposal to the UE, otherwise the UP bit is ignored (don’t care). This optional feature is only applicable for A/Gb mode.

5.6
Support for discontinuous transmission (DTX)

In both ADM and ABM, whenever the RLP entity has no numbered or unnumbered supervisory commands/responses and no information transfer frames pending transmission, the RLP entity shall indicate to the lower layer that the DTX function may be invoked.

5.6.1
In case of A/Gb mode
Protocol of lower layer conforms to 3GPP TS 48.004, 3GPP TS 48.020 and 3GPP TS 44.021. A/Gb mode specification assumes STM for lower layer protocol. Even if there is no data to be sent, some transmission is needed on STM. RLP acts as follows in case of DTX.

In case DTX is invoked, in ADM a NULL-frame will be sent, and in ABM a RR or RNR S-frame will be sent.

5.6.2
In case of Iu mode
Protocol of lower layer conforms to 3GPP TS 25.410, 3GPP TS 25.411, 3GPP TS 25.414 and 3GPP TS 25.415. Iu mode specification assumes ATM for lower layer protocol. When there is no data to be sent, no transmission is available on ATM. In consideration of transmission efficiency, no transmission is suitable. RLP acts as follows in case of DTX.

In case DTX is invoked, in ADM and ABM no frame will be sent.
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