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Background

The backward compatible solution for the delayed downlink TBF release that is used in A/Gb mode relies on the detection of corrupted LLC PDUs when they are delivered to the LLC layer. During temporary inactive periods, when there is no upper layer information to send, the BSS may periodically insert an LLC UI Dummy command in the downlink data stream. Those are needed in order to be able to transmit occasional RLC data blocks during the inactivity periods. That is necessary to prevent certain RLC/MAC timers from expiring and also for the allocation of uplink blocks where the mobile station may send RLC/MAC control messages (i.e., PACCH).

An LLC UI Dummy command is an LLC PDU with a deliberate error in the LLC frame check sequence. It is discarded by the receiving LLC entity (in the mobile station).

That solution is not suitable for Iu-mode, because the upper layer in Iu-mode (i.e., the PDCP layer) does not provide a frame check sequence. It relies on the RLC layer to detect and remove any corrupt information. A method is thus needed to allow the network to transmit RLC data blocks during temporary inactive periods, without having to transfer any upper layer information.

Proposed solution

General

It is proposed that the Length Indicator (LI) shall be used in the RLC data blocks to indicate that an RLC data block contains filling information that shall be discarded by the receiving RLC entity. 

This technique is used already in A/Gb mode, but only in the very last RLC data block of a TBF, where the last RLC SDU might not use all of the octets available. In that case, a Length Indicator and the associated M and E bits (M is used only in GPRS TBF mode) are used to indicate the number of octets used by the last LLC PDU. Any remaining octets are regarded as filling information and shall be discarded by the receiving RLC entity. The precise encoding is not the same for a TBF in GPRS and EGPRS modes. Nevertheless, in principle, the two solutions are equivalent.

In Iu-mode, it is assumed that the same solutions shall be used, without modification, in the very last RLC data block of a TBF. However, the usage is extended, such that on a downlink TBF:

–
The network may indicate a presence of filling information in any downlink RLC data block on a TBF, when needed. (Not just the RLC data block associated with FBI = 1.)

–
RLC data blocks containing only filling information (no upper layer information) are allowed.

The existent GPRS and EGPRS encoding can be reused. The only change is that the receiving RLC entity shall expect this kind of indication in any RLC data block during a downlink TBF and be prepared to discard the filling information. Whenever an RLC data block is received without this indication, the information contained shall be regarded as valid upper layer information and be delivered to the upper layer in one or more RLC SDUs.

Precise encoding

On a downlink TBF in Iu-mode, the proposed GPRS and EGPRS encoding of the Control bits and LI fields that are used in the RLC data block are indicated in table 1 and 2 respectively.

The first entries in the table represent the possible combinations of FBI, M, E and LI values that are used already in A/Gb mode. The last three entries (marked with blue) represent the new combinations used in Iu-mode to indicate the presence of filling information in either an RLC data block that is not the last RLC data block of the TBF or a final RLC data block containing only filling information. An octet that contains filling information is set to the value hex ‘2B’ by the transmitting RLC entity. They are discarded by the receiving entity.

Table 1: GPRS encoding of Control bits and LI field in Iu-mode (downlink TBF)

Encoding
Contents of RLC data block

FBI = 0; 
E = 1

(no LI field)
One segment of the current SDU. The SDU continues in the next in sequence RLC data block. 

FBI = 0; 
            E = 0

LI value 1 ( maxlength; 
M = 1, E = 0

  : 
             : 

LI value n‑1 ( maxlength; 
M = 1, E = 0

LI value n ( maxlength; 
M = 1, E = 1
The last segment of the current SDU. 

A number of n‑1 following SDUs are entirely contained in this RLC data block. 

Any remaining octets contain a first segment of the next following SDU that continues in the next in sequence RLC data block. 

FBI = 0; 
            E = 0

LI value 1 ( maxlength; 
M = 1, E = 0

  : 
             : 

LI value n‑1 ( maxlength; 
M = 1, E = 0

LI value n ( maxlength; 
M = 0, E = 1
The last segment of the current SDU. 

A number of n‑1 following SDUs are entirely contained in this RLC data block. 

Any remaining octets contain a SDU that fits precisely into the RLC data block.

FBI = 0; 
           E = 0

LI value 1 ( maxlength; 
M = 1, E = 0

  : 
 : 

LI value n‑1 ( maxlength; 
M = 1, E = 0

LI value n = 0; 
M = 0, E = 1
The last segment of the current SDU. 

A number of n‑1 following SDUs are entirely contained in this RLC data block. 

Any remaining octets contain a SDU that fits precisely into the RLC data block, except the last octet, which continues in the next RLC data block.

FBI = 1; 
            E = 0

LI value 1 ( maxlength; 
M = 1, E = 0

  : 
             : 

LI value n‑1 ( maxlength; 
M = 1, E = 0

LI value n ( maxlength; 
M = 0, E = 1
The final RLC data block of the TBF.

The last segment of the current SDU. 

A number of n‑1 following SDUs are entirely contained in this RLC data block. 

Any remaining octets contain a last SDU that fits precisely into the RLC data block.

FBI = 0; 
            E = 0

LI value 1 ( maxlength; 
M = 1, E = 0

  : 
             : 

LI value n‑1 ( maxlength; 
M = 1, E = 0

LI value n = all 1’s; 
M = 0, E = 1
The last segment of the current SDU. 

A number of n‑1 following SDUs are entirely contained in this RLC data block. 

Any remaining octets contain filling information

FBI = 0; 
           E = 0

LI value n = all 1’s; 
M = 0, E = 1
All octets contain filling information

FBI = 1; 
           E = 0

LI value n = all 1’s; 
M = 0, E = 1
Final RLC data block of the TBF.

All octets contain filling information.

The following rules should apply:

· Maxlength correspond to the maxlength of the length indicator field in GPRS, i.e. 19 (CS-1), 29 (CS-2), 35 (CS-3) or 49 (CS-4).

· Before filling information may be transmitted, any preceding SDU shall be terminated, which shall be indicated by a corresponding LI field. This is done using either the third entry or the third last entry in the table. If the third entry is used, the SDU including the LI field shall fit precisely into the RLC data block.

–
A sequence of RLC data blocks may be transmitted containing only filling information. This is done using the last two entries in the table. (The last entry is used to release the TBF.)

–
The SDU following a sequence of RLC data blocks containing filling information shall begin in the next in sequence RLC data block that contains upper layer information. This is done by any entry in the table, except the last two.

Table 2: EGPRS encoding of Control bits and LI field in Iu-mode (downlink TBF)

Encoding
Contents of RLC data block

FBI = 0; 
E = 1

(no LI field)
One segment of the current SDU. The SDU continues in the next in sequence RLC data block. 

FBI = 0; 
E = 0

LI value 1 ( 74; 
E = 0

   : 
 : 

LI value n‑1 ( 74; 
E = 0

LI value n ( 74; 
E = 1
The last segment of the current SDU. 

A number of n‑1 following SDUs are entirely contained in this RLC data block. 

Any remaining octets contain a first segment of the next following SDU that continues in the next in sequence RLC data block. 

FBI = 1; 
E = 0

LI value 1 ( 74; 
E = 0

   : 
 : 

LI value n‑1 ( 74; 
E = 0

LI value n ( 74; 
E = 1
The final RLC data block of the TBF.

The last segment of the current SDU. 

A number of n‑1 following SDUs are entirely contained in this RLC data block. 

Any remaining octets contain a last SDU that fits precisely into the RLC data block. 

FBI = 1; 
E = 0

LI value 1 ( 74; 
E = 0

   : 
 : 

LI value n‑1 ( 74; 
E = 0

LI value n = 127; 
E = 1
The final RLC data block of the TBF. 

The last segment of the current SDU. 

A number of n‑1 following SDUs are entirely contained in this RLC data block. 

Any remaining octets contain filling information. 

FBI = 0; 
E = 0

LI value 1 ( 74; 
E = 0

   : 
 : 

LI value n‑1 ( 74; 
E = 0

LI value n = 127; 
E = 1
The last segment of the current SDU. 

A number of n‑1 following SDUs are entirely contained in this RLC data block. 

Any remaining octets contain filling information. 

FBI = 0; 
E = 0

LI value n = 127; 
E = 1
All octets contain filling information.

FBI = 1; 
E = 0

LI value n = 127; 
E = 1
Final RLC data block of the TBF.

All octets contain filling information.

The following rules should apply:

–
Before filling information may be transmitted, any preceding SDU shall be terminated, which shall be indicated by a corresponding LI field. This is done using either the second entry or the third last entry in the table. If the second entry is used, the SDU including the LI field shall fit precisely into the RLC data block.

–
A sequence of RLC data blocks may be transmitted containing only filling information. This is done using the last two entries in the table. (The last entry is used to release the TBF.)

–
The SDU following a sequence of RLC data blocks containing filling information shall begin in the next in sequence RLC data block that contains upper layer information. This is done by any entry in the table, except the last two.

Conclusion

A method has been proposed to indicate the presence of filling information in an RLC data block during a TBF. It is proposed to use this method on a downlink TBF in Iu-mode, when the network applies a delayed downlink TBF release. (The delayed downlink TBF release was introduced for A/Gb mode in REL‑4.) 

The method reuses the current GPRS and EGPRS encoding for the delimitation of SDUs within the TBF and the indication of filling information in the last RLC data block of the TBF. The use of this encoding is extended to allow the indication of filling information in any RLC data block during the TBF, not only in the last one.
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