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Delayed TBF Release

1 Introduction

Document GAHW-000136, introduced at 3GPP TSG GERAN Ad Hoc #3, 11-Dec-2000, introduced the need for delay of the TBF release in order to reduce the number of TBF releases and establishment to improve overall performance, especially for TCP based protocols. 

This paper proposes three delayed release procedures:

· a backwards compatible procedure for delayed release of downlink TBFs, which can be used to improve TCP performance and to provide zero establishment delay downlink operation

· a backwards compatible procedure for delayed release of uplink TBFs, which can be used to improve TCP performance but does not provide zero establishment delay operation, and

· a procedure for delayed release of uplink TBFs, which can be used to provide zero establishment delay uplink operation.

The first two procedures are backwards compatible with R97 mobiles and require changes only to the parts of the specification that affect network operation.

The third procedure allows extension of the uplink but requires changes to the specification affecting the mobile.

2 Delayed Downlink TBF Release in RLC acknowledged mode (backwards compatible with R97 mobiles)

It is proposed to define a new signaling mechanism which allows delayed release of downlink TBFs. The mechanism proposed has the following characteristics:

· it allows introduction of the 200 msec to 300 msec delay described in document GAHW-000136 for significant improvement of TCP performance;

· while the release is being delayed (i.e., after the last LLC frame has been sent to the MS and no data is being transmitted to the MS), it allows the network to initiate sending of more data to the MS without performing a downlink TBF establishment;

· while the release is being delayed, it allows a zero delay start of data transfer to the MS on the downlink (even if a continuous allocation is not given to the MS), resulting in zero establishment delay downlink operation.

· it is backwards compatible with R97 mobiles;

· it requires no changes to RLC/MAC messages; and

· it requires no new timers be defined.

In R97 and all subsequent versions of 04.60, in RLC acknowledged mode the MS detects the end of the TBF by detecting the Final Block Indicator (FBI) bit set to “1” when it has correctly received all previous RLC data blocks. The MS then transmits a Packet Downlink Ack/Nack the Final_Ack_Indicator bit set to “1”, ending of the TBF.

It is proposed that when the network wishes to delay release of the TBF, the shall send the last RLC data block but not set the FBI bit. The network shall only set the FBI bit when it wishes to permanently end the TBF.

The network may perform a delayed release when it has reached the last RLC data block of the last LLC frame for the MS. When the network wishes to perform a delayed release, it must send the last data block of the most recent LLC frame and so complete transmission of the entire most recent LLC frame. A method of padding this final block in a manner compatible with R97 mobiles is described in section 2.1 below.

In order to satisfy timer T3190 in the MS, give the MS an opportunity to request establishment of an uplink TBF, and meet the requirements of power control mode A, the network must occasionally (at least once every 360 msec if in power control mode A) send a downlink data block to the MS with the S/P set “1” requesting a poll. It would be possible to resend an older data block in order to carry the poll request, however, use of an old RLC data block has potential problems in RLC unacknowledged mode, so a dummy downlink data block is defined in section 2.2 that is backwards compatible with R97 and newer mobiles. This backwards compatible dummy RLC data block is described below and defined in such a way that the MS will discard the contents. The BSN used is the next available BSN. The LLC data of the block contains one complete LLC frame that is terminated at the end of the RLC data block and has an incorrect value for the LLC CRC.
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Figure 1 – Delayed Release of Downlink TBF

Once the network has sent the RLC data block containing the last octets of the most recent LLC frame to the MS, the network maintains the downlink TBF by occasionally sending dummy downlink RLC data blocks to the MS, incrementing the BSN with each dummy data block sent. When the network receives a new LLC frame, it begins to transmit new RLC data blocks to the MS, beginning with the next available BSN. Note that if the MS does not receive one of the dummy downlink RLC data blocks it will request a retransmission of the lost dummy data block. The network must resend the dummy RLC data block. Often this can be done when it is time to send a subsequent dummy RLC data block, however if new data arrives, the network must still resend the lost dummy RLC data block.

When the network wishes to permanently end the downlink TBF, it sets the FBI bit in the last RLC data block and follows the procedure described in 04.60, section 9.3.2.6.

If for any reason the mobile performs an abnormal release then existing timers and procedures cover all the error cases. Timer T3190 guards the interval between valid data from the network. If the mobile does not receive at least one data block (or data block with dummy LLC) every T3190 seconds the mobile station will perform an abnormal release as defined in 04.60. 

Figure 1 shows an example downlink TBF. First is shown the delayed TBF release where the FBI bit is not set. Next is shown maintenance of the downlink TBF by occasional polling transmission by the network of a dummy RLC data block with requesting a poll for a Packet Downlink Ack/Nack. Next is shown new downlink data being sent to the mobile in response to arrival of a new LLC frame in the BSS. When the three data blocks of this LLC frame are transmitted, a delay TBF release is done on the third block. And finally, the TBF is released permanently by sending a dummy RLC data block with the FBI bit set.

2.1 Padding of Downlink Data Block

When the network wishes to perform a delayed release, it must send the last data block of the most recent LLC frame and so complete transmission of the entire most recent LLC frame. This last RLC data block with valid LLC data is padded so that an LLC boundary occurs at the end of the end of the data block. 

If the TBF is ending and there is no new LLC data to transmit and the LLC PDU, along with the length octet indicating the LLC boundary, does not completely fill the entire RLC data field, an extention octet shall be used with the length field indicating the end of the RLC data block, and the remainder of the RLC data field shall be filled according to the following rules:

-
If, after the length octet is inserted, no more octets are required, nothing shall be done.

-
If 1 or more octets of filler are needed, a Dummy LLC PDU of sufficient length to precisely fill the reamaining octets shall be inserted.

2.2 Dummy Downlink Data Block

When the network wishes to poll the MS for a Packet Downlink Ack/Nack when it has no LLC data to send, the network sends a dummy downlink data block. The dummy downlink data block is formed by inserting a dummy LLC PDU into a CS-1 or EGPRS downlink RLC data block. A length octet is used to indicate that the LLC PDU fits precisely into the RLC data block. The Dummy LLC PDU is an invalid LLC PDU and is discarded by the LLC entity in the MS.

2.3 Dummy LLC PDU

A dummy LLC PDU is formatted as shown in Figure 2. This PDU is recognized by the receiving LLC entity as an invalid PDU and is discarded. If a 1 octet dummy LLC PDU is needed, octet 1 is used. If a 2 octet LLC PDU is needed, octet and octet 2 are used, etc. The dummy LLC PDU is at most 20 octets long. The dummy LLC PDU may be inserted into the LLC data stream by lower layer protocols without affecting the operation of the LLC protocol.

The dummy LLC PDU is a UI frame with C/R = 1, which is a command in SGSN to MS direction and a response in the MS to SGSN direction. The SAPI is 3, which is User Data 1. The LLC sequence number N(U) is 0. Encryption is not enabled. The PM bit is 1, which indicates that the LLC header is protected by the LLC FCS. No matter how many of the octets are included in the dummy LLC PDU, the FCS is either not present or is invalid, which invalidates the entire LLC PDU. The information field contains the hexadecimal value 2B, which is the preferred fill pattern for optimizing the air interface physical layer performance.
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Figure 2: Dummy LLC PDU

3 Delayed Downlink TBF Release in RLC unacknowledged mode (backwards compatible with R97 mobiles)

In R97 and all subsequent versions of 04.60, in RLC unacknowledged mode the MS detects the end of the TBF by detecting the Final Block Indicator (FBI) bit set to “1. The MS then transmits a Packet Control Ack, acknowledging the end of the TBF.

The procedure for delayed release of downlink TBF in RLC acknowledged mode applies except that no retransmission of data blocks is done, and when the downlink TBF is ended permanently the procedure in 04.60 section 9.3.3.5 is followed.

4 Delayed Uplink TBF Release (Backwards Compatible with R97 mobiles) 

It is proposed to define a new signaling mechanism which allows delayed release of an uplink TBF. The mechanism proposed has the following characteristics:

· it allows introduction of the 200 msec to 300 msec delay described in document GAHW-000136 for significant improvement of TCP performance;

· it, unfortunately, does not allow the MS to send more data after the countdown has ended (CV=0);

· it is backwards compatible with R97 mobiles;

· it requires no changes to RLC/MAC messages; and

· it requires no new timers be defined.

In R97 and all subsequent versions of 04.60, in RLC acknowledged mode the MS signals the end of the uplink TBF by sending an RLC data block with CV=0. When the network has received all of the previous RLC data blocks correctly, after possible retransmissions, the network transmits a Packet Uplink Ack/Nack with the Final_Ack_Indicator bit set and with S/P=1, acknowledging that it is ending the TBF. The MS then transmits a Packet Control Ack, acknowledging the end of the TBF.

It is proposed that the network delay the release of the uplink TBF by adding a delay between the reception of the final data block (that is block with CV = 0) and the sending of the Packet Uplink Ack/Nack with the Final_Ack_Indicator bit set. This gives the network an opportunity to establish a downlink TBF (on the PACCH) to the mobile anytime before the final Packet Uplink Ack/Nack has been sent. While the release is being delayed (i.e., when the TBF is active but the MS is not sending data blocks) the TBF must be maintained by the network by sending Packet Uplink Ack/Nack messages to the MS such that T3184 (for fixed allocation) and T3182 are not violated.

The network can establish a downlink TBF on the (P)CCCH or on the PACCH and the delay to establish this downlink depends on the mobile’s current state (such as, DRX mode, non DRX mode, and uplink transfer). Based on the mobiles state establishing a downlink TBF via signaling on the (P)CCCH takes longer than establishing a downlink TBF on the PACCH. Introducing a small intentional delay in sending of the Packet Uplink Ack/Nack with the Final_Ack_Indicator bit set allows the network to start the downlink TBF, with the reply from the remote IP server in response to the uplink TCP/IP frame that was just received, before the final Packet Uplink Ack/Nack is sent. If this delay is not present, there is a much higher probability that a downlink TBF will be established via signaling on the (P)CCCH incurring a significant delay penalty (~500 msec) to establish the downlink TBF.
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Figure 3 – Delayed Release of Uplink TBF

Figure 3 shows an example uplink TBF. First is shown the delayed TBF release where the Final Packet Uplink Ack/Nack is sent after some delay. Next is shown new downlink TBF establishment sent to the mobile in response to arrival of a new LLC frame in the BSS. After a set delay or start of downlink TBF the uplink TBF is released permanently by sending a final Packet Uplink Ack/Nack with the Final_Ack_Indicator bit set.

If for any reason the mobile performs an abnormal release then existing timers and procedures cover all the error cases.  Timers T3182 and T3184 (used for exclusive allocation and fixed allocation) are started at the end of an uplink TBF (after CV=0). The Packet Uplink Ack/Nack must be sent before T3182 and/or T3184 expires otherwise the mobile will perform an abnormal release with access retry. 

5 Extendable Delayed Uplink TBF Release

It is proposed to define a new signaling mechanism which allows delayed release of an uplink TBF, allowing the MS to send data from newly arrived LLC frames after the countdown has commenced. This mechanism requires modification to the MS and is not backwards compatible with R97 mobiles.

The mechanism proposed has the following characteristics:

· it allows the MS to send data from newly arrived LLC frames after the countdown has ended (CV=0);

· if a continuous allocation is given to the MS after the countdown is complete, it provides a zero delay uplink establishment, resulting in zero establishment delay operation;

· it allows introduction of the 200 msec to 300 msec delay described in document GAHW-000136 for significant improvement of TCP performance;

· it requires no new timers be defined; 

· it is, however, not backwards compatible with R97 mobiles; and

· it requires changes to an RLC/MAC message (Packet Uplink Ack/Nack);

It is proposed that during an uplink TBF release, the network decides whether the TBF is released normally (as is done today) or the TBF release is delayed. The MS signals its capabilities and desired quality of service to the network and the network decides when delayed release of the TBF is appropriate.

5.1 Delaying the uplink TBF release

The network delays the TBF by sending the “uplink release type” of “delayed” to the MS in either the Immediate Assignment, Packet Uplink Assignment, the Packet Uplink Ack/Nack, or the Packet Timeslot Reconfigure message. The most recently received instance of the bit is obeyed by the MS.

When the MS begins to run out of LLC data, it begins the countdown normally. If the MS has received “uplink release type” of “normal,” the MS and network operates as defined in 04.60 section 9.3.2.4 or 9.3.3.3. If the MS has received “uplink release type” of “delayed”, after the MS sends CV=0, the MS does not follow the procedure in section 9.3.2.4 or 9.3.3.3 but instead continues the TBF. The network sends a Packet Uplink Ack/Nack with Final_Ack_Indicator set to 0 and an “uplink release type” of “delayed.” The uplink TBF is now extended and not released by the mobile. 

The Uplink delayed TBF release is only allowed for open ended TBFs and not for close ended TBFs.

5.2 Once the uplink TBF release has been delayed

While the uplink TBF release is delayed, the MS continues to transmit in the uplink blocks it is allocated. If the MS has acknowledged all of its transmitted blocks (i.e., V(A) = V(S)) and has no new LLC data to transmit, the MS sends Packet Uplink Dummy Control Blocks or Packet Resource Request. If the MS receives new LLC data from the higher layer, it begins to transmit RLC data blocks and the TBF is then active again. 

For fixed allocation, during the uplink TBF extension period if the mobile has no uplink data to send then the mobile does not need to send a Packet Resource Request to the network at every allocation boundary. If the mobile has a valid bitmap and has no data to transmit then the mobile shall transmit Packet Uplink Dummy Control Blocks. But if the mobile exhausts its current allocation then it shall start the existing timer T3188 and wait for a new allocation from the network. If the network wishes to extend the uplink TBF for a mobile using fixed allocation then the network must ensure that the mobile is given the necessary uplink allocation to keep the mobile on the PDCH. 

While the release is being delayed (i.e., when the TBF is active but the MS is not sending data blocks) the TBF must be maintained by the network by sending periodic Packet Uplink Ack/Nack messages to the MS such that T3184 (for fixed allocation) and T3182 are not violated.

While in the delayed state, the network must also, at least occasionally, allocate a block to the MS in order to learn whether the MS has data it wishes to transmit. When V(S) = V(A) and there is no new data to send, there are by definition no data blocks whose element in V(B) is set to PEND_ACK, and so currently the MS behavior is undefined (see GSM 04.60 section 9.1.3). 

If the MS has no data it wishes to transmit, it is proposed that the MS transmit a Packet Uplink Dummy Control Block. If the MS has data to transmit, it sends a data block with a new BSN and the network then knows the MS is starting a new LLC frame and provides resources as appropriate. 
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Figure 4 – Extended Uplink TBF

Figure 4 shows an example of an uplink TBF extension.  The mobile starts countdown (CV = 0) and the network sends a Packet Uplink Ack/Nack with FAI = 0 without releasing the uplink TBF. At this point if all data has been acknowledged then V(A) = V(S) at the mobile and the mobile has no more data with PENDING_ACK. The network will periodically assign the mobile a chance to transmit data and if the mobile has no data then the mobile sends a Packet Dummy Control block and when it has more data the mobile starts transmitting data blocks with new BSNs. 

5.3 Ending the uplink TBF permanently

The network ends the TBF permanently following a delayed uplink release by sending a Packet Uplink Ack/Nack with “uplink release type” of "normal ", FAI= 1 and with the S/P bit set. The “uplink release type” of "normal " and the FAI=1 cause the MS to stop transmitting, send the Packet Control Ack in response to S/P bit, and then abort the uplink TBF. If a downlink TBF is active and the MS has new LLC data to send, it requests establishment of an uplink TBF by sending a Channel Request IE in a Packet Downlink Ack/Nack. If there is no downlink TBF active, the MS returns to the (P)CCCH. If the MS has new LLC data to transmit, it then sends a (Packet) Channel Request.

It is possible that the MS may have begun to send data on the uplink when it receives the Packet Uplink Ack/Nack with FAI=1. In this case the MS may transmit one or more RLC data blocks of new data before it stops transmitting and aborts the TBF. In RLC acknowledged mode, these blocks will not be acknowledged by the network and so the mobile will know to retransmit them during the next uplink TBF (this type of restarting of LLC frames occurs today following cell changes and abnormally released TBFs). In RLC unacknowledged mode, if the few blocks transmitted do not contain any complete LLC frames, the incomplete LLC frame started will be restarted by the MS during the next uplink TBF (as is done following cell change or abnormal release). If the few blocks transmitted by the MS contain any complete LLC frames, these LLC frames, if correctly received by the PCU, will be forwarded to the SGSN and will not be repeated by the MS during the next TBF;
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Figure 5 – Abnormal case for Extended Uplink TBF

5.4 RLC Mode Change

If the MS needs to transmit an LLC frame using the other RLC mode, the MS must be able to force a normal release of the uplink TBF.

To force a normal release of an uplink TBF in order to change the RLC mode, the MS sends a Packet Resource Request indicating the other RLC mode before it begins the countdown on the current LLC frame or frames. The network will then release the TBF normally. If the Packet Resource Request is lost on the RF channel and not received by the network, timer T3168 will force the MS to resend the Packet Resource Request. At this time the countdown will be over and the MS will be sending Packet Uplink Dummy Control Blocks. When the network receives the Packet Resource Request with the RLC mode change, the network then releases the TBF by sending Packet Uplink Ack/Nack with FAI=1 as described above.

5.5 Error cases

The only errors that can occur during the procedure are:

· loss of the RF link, and

· the network "forgetting" about the TBF and not ending it.

If the RF channel is lost, existing timers within the MS (T3180, T3182, T3184, T3190) detect the lost channel and release the TBF abnormally. No new MS timers are required to perform this function. It is proposed that an "abnormal release behavior" bit be sent in the Packet Uplink Ack/Nack along with the "release type" to tell the MS whether it should immediately attempt to re-establish the uplink TBF, even if it has no data to transmit, or whether it should go to the (P)CCCH. 

On one phase uplink TBF establishment, if the MS has no LLC data to send, the mobile sends Packet Uplink Dummy Control Blocks containing TLLI and PFI and Contention Resolved bit set to 0. The network uses the TLLI to resolve contention by sending a Packet Uplink Ack/Nack containing Contention Resolution TLLI. When the MS receives the Contention Resolution TLLI matching the TLLI it sent, it sets the Contention Resolved bit to 1 in all subsequent Packet Uplink Dummy Control Blocks.

The network is able to detect a lost RF channel by not receiving an uplink block, when it allocates an uplink block to the MS. When too many consecutive uplink blocks are not received in response to an allocation, the network can assume that the RF channel has been lost to due poor RF conditions or cell change (N3101). The network may optionally also set the S/P bit in the Packet Uplink Ack/Nack messages it sends to maintain the TBF and so gather additional data regarding the status of the RF link.

Since the network must maintain the uplink TBF by regularly sending Packet Uplink Ack/Nack messages to the MS, if the network "forgets" the TBF, it will fail to send these Packet Uplink Ack/Nack messages. An existing timer in the MS (T3184) detects this condition and the MS will release the TBF abnormally. No new MS timers are required to perform this function. The proposed "abnormal release behavior" bit sent in the Packet Uplink Ack/Nack tells the MS whether it should immediately attempt to re-establish the uplink TBF, even if it has no data to transmit, or whether it should go to the (P)CCCH.

6 Network Initiated Uplink TBF

In order to establish an uplink TBF with zero establishment delay, the network may initiate the establishment of an uplink TBF. This is done without knowledge of whether or not the MS has LLC data to send. 

If the MS is active in a downlink TBF, the network sends a Packet Uplink Assignment or a Packet Timeslot Reconfigure to the MS. If the MS has no data to send after receiving the assignment, it sends Packet Uplink Dummy Control Blocks.

If there is no PCCCH, the network sends an Immediate Assignment containing an uplink TBF assignment in the mobile’s paging block. The MS goes to the assigned timeslot(s). If it has no data to send, it sends Packet Uplink Dummy Control Blocks.

If there is a PCCCH, the network sends a Packet Uplink Assignment in the mobile’s paging block. The MS goes to the assigned timeslot(s). If it has no data to send, it sends Packet Uplink Dummy Control Blocks.

7 Conclusion

This paper proposes procedures for delayed uplink and downlink TBF release that are backwards compatible with R97 mobiles. These procedures require changes only to the parts of the specification affecting network operation. Such a solution improves the behavior for typical TCP based Internet applications that send data back and forth and cause the mobile to switch between idle and packet transfer state while alternating between uplink and downlink TBFs.

The backwards compatible procedure for the downlink allows operation of a downlink TBF of indefinite duration, determined by the network, that provides zero establishment delay transfer of downlink data.

The paper also proposes a procedure that provides zero establishment delay transfer of uplink data, however this procedure is not backwards compatible with existing mobiles. 

A procedure is also proposed for network initiated establishment of uplink TBFs, which allows operation of zero establishment delay uplink TBFs without incurring an initial delay waiting for the MS to transmit the first packet.
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