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9.4
State variables

This sub-clause describes the state variables used in the specification of the peer-to-peer protocol. PUs are sequentially and independently numbered and may have the value 0 through n minus 1 (where n is the modulus of the sequence numbers). The modulus equals 212 for AM and 27 for UM; the sequence numbers cycle through the entire range: 0 through 212 – 1 for AM and 0 through 27 – 1 for UM. All arithmetic operations on the following state variables and sequence numbers contained in this specification are affected by the modulus: VT(S), VT(A), VT(MS), VR(R), VR(H), VR(MR), VT(US) and VR(US). When performing arithmetic comparisons of transmitter variables, VT(A) is assumed to be the base. When performing arithmetic comparisons of receiver variables, VR(R) is assumed to be the base. 

The RLC maintains the following state variables at the transmitter.

a)
VT(S) - Send state variable.


The sequence number of the next PU to be transmitted for the first time (i.e. excluding retransmission). It is updated after transmission of a PDU, which includes not earlier transmitted PUs and after transmission of a MRW SUFI. The initial value of this variable is 0.

b)
VT(A) - Acknowledge state variable.


The sequence number of the next in-sequence PU expected to be acknowledged, which forms the lower edge of the window of acceptable acknowledgements. VT(A) is updated based on receipt of a STATUS PDU including an ACK and/or MRW_ACK super-field. The initial value of this variable is 0.

c)
VT(DAT). 


This state variable counts the number of times a PU has been transmitted. There is one VT(DAT) for each PU and it is incremented each time the PU is transmitted. The initial value of this variable is 0.

d)
VT(MS) - Maximum Send state variable.


The sequence number of the first PU not allowed by the peer receiver [i.e. the receiver will allow up to VT(MS) – 1], VT(MS) = VT(A) + Tx_Window_Size. This value represents the upper edge of the transmit window. The transmitter shall not transmit a new PU if VT(S) 
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VT(MS). VT(MS) is updated based on receipt of a STATUS PDU including an ACK and/or MRW_ACK and/or a WINDOW super‑field. The PU with SN VT(S)-1 can be transmitted also when VT(S)>VT(MS).

e)
VT(US) – UM data state variable.


This state variable gives the sequence number of the next UMD PDU to be transmitted. It is updated each time a UMD PDU is transmitted. The initial value of this variable is 0.

f)
VT(PU).


This state variable is used when the poll every Poll_PU PU function is used. It is incremented with 1 for each PU that is transmitted. It should be incremented for both new and retransmitted PUs. When it reaches Poll_PU a new poll is transmitted and the state variable is set to zero. The initial value of this variable is 0.

g)
VT(SDU).


This state variable is used when the poll every Poll_SDU SDU function is used. It is incremented with 1 for each SDU that is transmitted. When it reaches Poll_SDU a new poll is transmitted and the state variable is set to zero. The poll bit should be set in the PU that contains the last segment of the SDU. The initial value of this variable is 0.

h)
VT(RST) - Reset state variable.


It is used to count the number of times a RESET PDU is transmitted. VT(RST) is incremented with 1 each time a RESET PDU is transmitted. VT(RST) is reset only upon the reception of a RESET ACK PDU, i.e. VT(RST) is not reset when a RLC reset occurs which was initiated from the peer RLC entity. The initial value of this variable is 0.

i)
VT(MRW) – MRW command send state variable.


It is used to count the number of times a MRW command is transmitted. VT(MRW) is incremented with 1 each time an MRW command is transmitted. VT(MRW) is reset when the discard procedure is terminated. The initial value of this variable is 0.

The RLC maintains the following state variables at the receiver:

a)
VR(R) - Receive state variable.


The sequence number of the next in-sequence PU expected to be received. It is set equal to SNmax+1 upon receipt of the next in-sequence PU, where SNmax is the sequence number of the highest received in-sequence PU. The initial value of this variable is 0.

b)
VR(H) - Highest expected state variable.


The sequence number of the highest expected PU. This state variable is set equal to SN+1 onlywhen a new PU is received with VR(MR)>SN(VR(H). The initial value of this variable is 0.

c)
VR(MR) - Maximum acceptable Receive state variable.


The sequence number of the first PU not allowed by the receiver [i.e. the receiver will allow up to VR(MR) – 1], VR(MR) = VR(R) + Rx_Window_Size. The receiver shall discard PUs with SN 
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 VR(MR).

d)
VR(US) - Receiver Send Sequence state variable.


The sequence number of the next PDU to be received. It shall set equal to SN + 1 upon reception of a PDU. The initial value of this variable is 0.

e)
VR(EP) – Estimated PDU Counter state variable.


The number of PUs that should be received yet as a consequence of the transmission of the latest status report. In acknowledged mode, this state variable is updated at the end of each transmission time interval. It is decremented by the number of PUs that should have been received during the transmission time interval. If VR(EP) is equal to or less than zero, then check if all PUs requested for retransmission in the latest status report have been received.
9.5
Timers

a)
Timer_Poll.

This timer is only used when the poll timer trigger is used. It is started when the transmitting side sends a poll to the peer entity. The timer is stopped when receiving a STATUS PDU that contains an acknowledgement of all AMD PDUs with SN up to and including VT(S)-1 at the time the poll was transmitted (or a negative acknowledgement of the same PU). The value of the timer is signalled by RRC.


If the timer expires and no STATUS PDU fulfilling the criteria above has been received, the receiver is polled once more (either by the transmission of a PDU which was not yet sent, or by a retransmission) and the timer is restarted with a new value of VT(S)-1. If there is no PU to be transmitted and all PUs have already been acknowledged, the receiver shall not be polled.


If a new poll is sent when the timer is running it is restarted, with a new value of VT(S)-1.

b)
Timer_Poll_Prohibit.

This timer is only used when the poll prohibit function is used. It is used to prohibit transmission of polls within a certain period. A poll shall be delayed until the timer expires if a poll is triggered when the timer is active. Only one poll shall be transmitted when the timer expires even if several polls were triggered when the timer was active. If there is no PU to be transmitted and all PUs have already been acknowledged, a poll shall not be transmitted. This timer will not be stopped by a STATUS PDU. The value of the timer is signalled by RRC. 
c)
Timer_EPC.


This timer is only used when the EPC function is used and it accounts for the roundtrip delay, i.e. the time when the first retransmitted PU should be received after a status report has been sent. The timer is started when the first STATUS PDU of a status report is transmitted and when it expires VR(EP) can start its counting-down process (see subclause 9.7.4). The value of the timer is signalled by RRC.
9.7.2
STATUS transmission for acknowledged mode

The receiver of AMD PDUs transmits status reports (each status report consists of one or several STATUS PDUs) to the sender in order to inform about which PUs that have been received and not received. There are several triggers for sending a status report. The network (RRC) controls which triggers should be used for each RLC entity, except for one, which is always present. The receiver shall always send a status report when receiving a poll request. Except for that trigger following triggers are configurable:

1)
Detection of missing PU(s).


If the receiver detects one or several missing PUs it shall send a status report to the sender.

2)
Timer based STATUS transfer.


The receiver transmits a status report periodically to the sender. The timer Timer_Status_Periodic controls the time period.

3)
The EPC mechanism.


The timer Timer_EPC is started and the state variable VR(EP) is set when the first STATUS PDU of a status report is transmitted to the peer entity. If not all PUs requested for retransmission have been received before the variable VR(EP) has reached or overpassed zero, a new status report is transmitted to the peer entity. A more detailed description of the EPC mechanism is given in subclause 9.7.4.


There are two functions that can prohibit the receiver from sending a status report. The network (RRC) controls which functions should be used for each RLC entity. If any of the following functions is used the sending of the status report shall be delayed, even if any of the triggering conditions above are fulfilled:
1)
STATUS prohibit.


The Timer_Status_Prohibit is started when the last STATUS PDU of a status report is transmitted to the peer entity. As long as the timer is running the receiving side is not allowed to send a status report to the peer entity. If a status report was triggered while the timer was running, the status report is transmitted after the timer has expired. The receiver shall only send one status report, even if there are several triggers when the timer running. This timer only prohibits the transmission of status reports containing any of the SUFIs LIST, BITMAP, RLIST or ACK. Status reports containing other SUFIs are not prohibited.


2)
The EPC mechanism.


If the EPC mechanism is active and the sending of a status report is triggered it shall be delayed until the EPC mechanism has ended. The receiver shall only send one status report, even if there are several triggers when the timer is active or the counter is counting down. This mechanism only prohibits the transmission of status reports containing any of the SUFIs LIST, BITMAP, RLIST or ACK. Status reports containing other SUFIs are not prohibited.
9.7.4
The Estimated PDU Counter

The Estimated PDU Counter is a mechanism used for scheduling the retransmission of status reports in the receiver side. With this mechanism, the receiver will send a new status report in which it requests for PUs not yet received. The time between two subsequent status report retransmissions is not fixed, but it is controlled by both the timer Timer_EPC and the state variable VR(EP), which adapt this time to the round trip delay and the current bit rate, indicated in the TFI, in order to minimise the delay of the status report retransmission.

When a STATUS report is triggered by some mechanisms and it is transmitted (in UTRAN) or sent on the physical layer (in UE) to request for retransmitting one or more missing PUs, the variabe VR(EP) is set equal to the number of requested PUs. At least one requested PU is needed to activate the EPC mechanism. The variable VR(EP) is a counter, which is decremented every transmission time interval with the estimated number of PUs that should have been transmitted during that transmission time interval. 
A special timer, called Timer_EPC, controls the maximum time that the variable VR(EP) needs to wait before it will start counting down. This timer starts immediately after a transmission of a retransmission request from the receiver (when the first STATUS PDU of the status report is transmitted (in UTRAN) or sent on the physical layer (in UE)). The timer Timer_EPC typically depends on the roundtrip delay, which consists of the propagation delay, processing time in the transmitter and receiver and the frame structure. This timer can also be implemented as a counter, which counts the number of 10 ms radio frames that could be expected to elapse before the first requested AMD PDU is received.

 If not all of these requested PUs have been received correctly when VR(EP) is equal to or less than zero,  a new status report will be transmitted and the EPC mechanism will be reset accordingly. The timer Timer_EPC will be started once more when the first STATUS PDU of the status report is transmitted (in UTRAN) or sent on the physical layer (in UE). If all of the requested PUs have been received correctly, the EPC mechanism ends.
11.4.5
Abnormal cases

11.4.5.1
Timer_RST timeout

Upon expiry of Timer_RST the sender shall retransmit the RESET PDU and increase VT(RST) with 1. In the retransmitted RESET PDU the value of the RSN field shall not be incremented.

11.4.5.2
VT(RST) ( MaxRST
If VT(RST) becomes larger or equal to MaxRST the RRC layer shall be informed.
11.4.5.3
Reception of the RESET PDU by the sender

Upon reception of a RESET PDU in reset pending state, the sender shall respond with a RESET ACK PDU. The sender resets the state variables in 9.4 to their initial value, resets configurable parameters to their configured value. However, VT(RST) and Timer_RST are not reset. The hyper frame number is incremented if the RSN field indicates that the RESET PDU is not a retransmitted RESET PDU. The sender shall stay in the reset pending state. The sender shall enter data transfer ready state only upon reception of a RESET ACK PDU with the same RSN value as in the corresponding RESET PDU.

11.5.2.1
Piggybacked STATUS PDU

It is possible to piggyback a STATUS PDU on an AMD PDU. If a PDU includes padding, a piggybacked STATUS PDU can be inserted instead of the padding. The sending of a piggybacked STATUS PDU follows the same rules as the sending of an ordinary STATUS PDU. 

11.5.2.2
STATUS PDU contents to set

The size of the STATUS PDU shall be equal to one of the allowed PDU sizes. The information that needs to be transmitted in a status report can be split into several STATUS PDUs if one STATUS PDU does not accommodate all the information. A SUFI can not be split into several STATUS PDUs. Indication of the same PU shall not be given in more than one STATUS PDU of a STATUS report.

Which SUFI fields to use is implementation dependent, but the status report shall include information about PUs that have been received and information about all PUs detected as missing. No information shall be given for PUs with SN(VR(H), i.e. PUs that have not yet reached the receiver.

Padding shall be inserted if the SUFI fields do not fill an entire STATUS PDU. If the PDU contains padding the last SUFI field shall be either an ACK SUFI or a NO_MORE SUFI. If there is no padding in the STATUS PDU, NO_MORE SUFI or ACK SUFI does not need to be included in the STATUS PDU.

11.5.3
Reception of the STATUS PDU by the sender

The sender shall upon reception of the STATUS PDU/piggybacked STATUS PDU update the state variables VT(A) and VT(MS) according to the received STATUS PDU/piggybacked STATUS PDU.

If the STATUS PDU includes negative acknowledged PUs, the acknowledged data transfer procedure shall be initiated and the PUs shall be retransmitted. If a PU is indicated as missing more then once in a STATUS PDU, the PU shall be retransmitted only once. Retransmitted PUs have higher priority than new PUs.
11.5.4
Abnormal cases

11.5.4.1
VR(EP) reaches or overpasses zero and the requested PUs have not been received

If the EPC mechanism is used and VR(EP) has reached or overpassed 0 and not all PUs requested for retransmission have been received, the receiver shall:

-
Retransmit the status report. The retransmitted status report may contain new or different SUFI fields in order to indicate that some PUs have been received and that some new have been lost.
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