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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 setup signalling, either end indicates that it cannot support multilink operation, neither end shall require usage of RLP-versions higher than 1. If the BC negotiation during call setup results in a possibility for multi-link operation during the call, both ends shall require and accept RLP version 2 only.

If the BC negotiation during call setup results in maximum number of traffic channels = 1 TCH and UIMI = not required/not allowed or up to 1 TCH/F allowed/may be requested, this is interpreted as if at least one end does not support multilink 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 substreams is less than timer T4.

RLP frames are sent in strict alignment with the radio transmission. (For details, see GSM 04.21). 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. Provision is made for discontinuous transmission (DTX).

RLP spans from the Mobile Station (MS) 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 MS may result in link-reset or even total loss of the connection.

The MS 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.


***   Next modified section   ***

4.1
Basic frame structure

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. A frame consists of a header, an information field, and an FCS (frame check sequence) field. The size of the components depends on the 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. Frames cannot be aborted while being transmitted.

a) 240 bit frame size


Header
Information
FCS

version 0 and 1, version 2 (U frames only)
16 bit
200 bit
24 bit

version 2 (S and I+S frames only)
24 bit
192 bit
24 bit

b) 576 bit frame size


Header
Information
FCS

version 0, 1, and version 2 (U frames only)
16 bit
536 bit
24 bit

version 2 (S and I+S frames only)
24 bit
528 bit
24 bit

Figure 1: Frame structure


***   Next modified section   ***

4.4
Frame check sequence

The FCS shall be the ones complement of the modulo 2 sum of:

a)
the remainder of:

For 240 bit frames:

x216 (x23 + x22 + x21 + x20 + x19 + x18 + x17 + x16 + x15 + x14 + x13 + x12 + x11 + x10 + x9 + x8 + x7 + x6 + x5 + x4 + x3 + x2 + x + 1)

For 576 bit frames:

x552 (x23 + x22 + x21 + x20 + x19 + x18 + x17 + x16 + x15 + x14 + x13 + x12 + x11 + x10 + x9 + x8 + x7 + x6 + x5 + x4 + x3 + x2 + x + 1

divided modulo 2 by the generator polynomial:

x24 + x23 + x21 + x20 + x19 + x17 + x16 + x15 + x13 + x8 + x7 + x5 + x4 + x2 + 1

and

b)
the remainder of the division modulo 2 by the generator polynomial:

x24 + x23 + x21 + x20 + x19 + x17 + x16 + x15 + x13 + x8 + x7 + x5 + x4 + x2 + 1


of the product of x24 by the content of the frame, excluding the FCS field. (The first bit transmitted corresponds to the highest order term.)

Implementation note: As a typical implementation, at the transmitter, the initial content of the register of the device computing the remainder of the division is pre-set to all ones and is then modified by division by the generator polynomial (as described above) of the header and information field; the ones complement of the resulting remainder is transmitted as the 24 bit FCS sequence.

At the receiver, the initial content of the register of the device computing the remainder is pre-set to all ones. The final remainder after multiplication by x24 and then division (modulo 2) by the generator polynomial:

x24 + x23 + x21 + x20 + x19 + x17 + x16 + x15 + x13 + x8 + x7 + x5 + x4 + x2 + 1

of the serial incoming protected bits and the FCS will be:

0 1 1 0 1 1 0 1 1 0 0 0 1 0 0 1 0 0 1 1 0 0 0 0 (x23 to x0, resp.)

in the absence of transmission errors.


***   Next modified section   ***

5.2.3.2
Send Sequence number, N(S)

The send sequence number contains the number of the I frame. With the exception of SREJ conditions, information frames are transmitted in numerical order of their N(S). If multiple substreams are used, the frames may arrive at the receiver in another order. Normal information transfer is halted, when the number of outstanding, unacknowledged frames is equal to the currently established window size (see section 5.4).


***   Next modified section   ***

5.3.2
N(S) sequence error

In numbered information transfer, any information frame with an N(S) out of the normal sequence shall lead to an N(S) sequence error condition, unless that frame is requested for retransmission by an SREJ, sent at an earlier time. In case multiple substreams make up a connection when the multi-link version  is used the received frames must be re-sequenced. For that a timer T4 defines a re-sequencing period (see section 5.4) during which frames may be out-of-order. An N(S) sequence error condition only occurs if the N(S) arrives after the expiry of T4. There are three mechanisms to deal with N(S) sequence errors:

-
REJ recovery;

-
SREJ recovery;

-
P/F-bit recovery (checkpointing);

the first two being the responsibility of the receiving station, the last being the responsibility of the sending station. There are no strict rules as to whether REJ or SREJ recovery shall be applied, however, if a station decides to initiate REJ or SREJ recovery, it shall do so at the earliest opportunity. The information part of out-of sequence frames shall be discarded, unless the receiving station intends to initiate SREJ recovery.


***   Next modified section   ***

5.4
Transitions between 240 bit and 576 bit frame lengths
The RLP has to change the supported frame length due to transitions between different channel codings. The RLP entities have to be re-synchronised after a change of the channel coding.

Any change of the channel coding is indicated to the RLP- entity by an external event. The RLP-entity at the mobile-end enters the synchronisation state when it receives a relevant Radio Resource Management message, and it starts sending the REMAP-messages at the earliest possible time. The RLP-entity at the network-end enters the synchronisation state when the network-end detects Layer 1 synchronisation after a change of channel coding. The change of channel coding is eventually confirmed by an outband signalling message.

On entering the synchronisation state timers are halted and zeroed, and the TX- and RX-windows are frozen. When the RLP entity enters the synchronisation state it clears all SREJ or REJ conditions, discards all out-of-sequence frames received and clears all previous re-transmission requests received by any SREJ. 

After this the mobile-end starts a REMAP-exchange (Section 5.2.2.9). When an RLP-entity receives a REMAP-frame, it moves the user information contained by the frames to be remapped from the TX-window to a transition buffer between the RLP- and L2R-entities. The L2R uses the information in this buffer before mapping new data into the PDUs. The network-end regards the REMAP-procedure as completed when it has received an I+S-frame, an S-frame or an SABM U-frame from the mobile-end, whereas the mobile-end leaves the synchronisation state after receiving a responding REMAP-frame or an SABM U-frame. The data in the transition buffer at the network-end must not be deleted before an I+S-, or an S-frame is received from the mobile-end.

No Supervisory or Information transfer frames or XID U frames are exchanged before the REMAP-exchange is completed. If the RLP entity receives another U-frame, it reacts according to the defined procedures. That is, if the frame is an SABM frame it performs a reset procedure and leaves the synchronisation state. If the frame is NULL, UI or TEST frame, RLP performs the defined procedure and remains in the synchronisation state. In the case of a DISC frame RLP terminates ABM and goes into ADM. 

After the REMAP-procedure is completed, the RLP-entities leave the synchronisation state and normal operation is resumed. On resuming the normal operation, the TX- and RX- windows are emptied. The N(S)-numbering resumes from the value indicated in the REMAP-message by the N(R)-number.

Abortion of the transition or another transition taking place during the REMAP-procedure restarts the REMAP-procedure in order to resume operation using the channel coding corresponding to the latest transition.


***   Next modified section   ***

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 MS ( IWF

(for N° = 0/1) 
0 – 61
61
61

k MS ( IWF

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

k IWF ( MS

(for N° = 0/1)
0 – 61
61
61

k IWF ( MS

(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, 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

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.

5.5.1
RLP Version N°

The current version of RLP is "2". "0" is the default value for the version N°. RLP-versions are backwards compatible. It is assumed that future versions of RLP will be backwards-compatible with former ones. Backwards-compatible refers to the signalling, i.e. the handling of the parameters in the XID frame. The parameters are defined as specified by the RLP version with the lower number.

