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Introduction

In CR R2-001469 Ericsson proposed to clarify that the RLC timers ([2] section 9.5) in the UE shall be started when a PDU is transmitted on the physical layer and not when a PDU is delivered to MAC. The motivation for this is most visible on RACH and CPCH where the delay variations due to random access attempts are large. This clarification is only proposed for the UE. The mechanisms behind the large delay variations on RACH and the motivations for this proposal are described in this contribution.

Random Access Mechanisms

Initial backoff

When the UE initiates transmission on RACH, transmission in a given TTI is allowed with a probability given by the persistence value Pi [3]. If transmission is not allowed, the UE must wait one TTI and perform a new persistency check. The procedure is repeated until a successful persistency check has occurred. The value Pi is configurable by UTRAN and is typically adapted to the load in the system. Consider for example a loaded system with Pi=0.1. The average delay can be calculated as (1-Pi)/Pi*TTI implying an average delay of 9 TTIs. However, with a certain probability, the delay can be much larger: The 95% percentile for Pi=0.1 equals 28*TTIs. 

It is clear that the initial backoff alone causes significant delay variations in a loaded system.

Power ramping

After a successful persistency check the UE can make its first transmission attempt. The UE transmits a preamble with an initial power given by channel estimation. If the used power is to low (preamble not detected by UTRAN) the UE will not receive any ACK or NACK. In this case, the UE will make repeated transmission attempts in subsequent access slots. The transmission power is increased for each transmission attempt until a NACK or ACK is received in downlink. The average delay is dependent on the e.g. the number of power ramping steps that are needed before an ACK/NACK is received in DL. Investigations have shown [4], [5] that this delay can vary in the range 5-70 ms. Note that the power ramping causes delay variations also when the system is unloaded.

Subsequent backoff

In order to control the load on RACH, UTRAN can transmit a negative acknowledgement in DL, causing a subsequent backoff. In this case, an UE will wait a random time (random number of TTIs) within the interval [NBO1min, NBO1max] TTI, where the parameters NBO1min, NBO1max are given by configuration. The average delay is dependent on the backoff parameters which are typically adjusted to the system load. Suitable values of the parameters NBO1min, NBO1max require further investigation, but the configurable range 0..50 TTI gives a hint of the order of the delay that occurs due to a backoff. Note that after each subsequent backoff, the UE must perform a new initial backoff procedure which leads to additional delay.

RLC Timers

The RLC timers are described in [2]. Consider the case where the poll timer is started when a PDU is delivered to MAC. Due to the large variations in delay on RACH, the value of the poll timer must either be set very large to take the delay variations into account (which would lead to a poor RLC efficiency). Or, alternatively, if the timer is set to a lower value, unnecessary retransmissions will occur which will also lead to a low efficiency. If, instead, the timer is started when a PDU is transmitted on the physical layer, the variations in delay would be much smaller, as the delays due to random access attempts are not included in the total delay seen by the RLC timer. Thus, the value of the RLC timers can better be adapted to the transmission delays in the system and the RLC efficiency will be improved.

Note also that if the poll timers are started when a PDU is delivered to MAC, and a PDU is delayed for a long time on MAC, the poll timer will trigger retransmissions even if the PDUs are not lost (they may in fact not even be transmitted yet).

Proposal

The proposed changes are described in the attached CR. 
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When the start time for a timer in the UE is connected with the transmission of a certain PU, the timer shall be started when the PU is transmitted by the physical layer.
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 or negative acknowledgement of the AMD PDU with SN=VT(S)-1 at the time the poll was transmitted. The value of the timer is signalled by RRC.


If the timer expires and no STATUS PDU containing an acknowledgement or negative acknowledgement of the AMD PDU with SN=VT(S)-1 at the time the poll was transmitted 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.

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 EPC can start decrease (see subclause 9.7.3). The value of the timer is signalled by RRC.
d)
Timer_Discard.


This timer is used for the SDU discard function. In the transmitter, the timer is activated upon reception of a SDU from higher layer. One timer is used for each SDU that is received from higher layer. If the SDU has not been acknowledged and/or transmitted when the timer expires, the SDU is discarded. Following which, if the SDU discard function uses explicit signalling, a Move Receiving Window request is sent to the receiver. The value of the timer is signalled by RRC.

e)
Timer_Poll_Periodic.


This timer is only used when the timer based polling is used. The timer is started when the RLC entity is created. Each time the timer expires a poll is transmitted (either by the transmission of a PDU which was not yet sent, or by a retransmission) and the timer is restarted. If there is no PU to be transmitted and all PUs have already been acknowledged, a poll shall not be transmitted and the timer shall only be restarted. The value of the timer is signalled by RRC.

f)
Timer_Status_Prohibit.


This timer is only used when the STATUS prohibit function is used. It prohibits the receiving side from sending status reports containing any of the SUFIs LIST, BITMAP, RLIST or ACK. The timer is started when the last STATUS PDU in a status report is transmitted and no new status report containing the mentioned SUFIs can be transmitted before the timer has expired. The timer does not prohibit transmission of  the SUFIs MRW, MRW_N_IFL, WINDOW or NO_MORE. The value of the timer is signalled by RRC.

g)
Timer_Status_Periodic.


This timer is only used when timer based status report sending is used. The timer is started when the RLC entity is created. Each time the timer expires a status report is transmitted and the timer is restarted. The value of the timer is signalled by RRC.

h)
Timer_RST.


It is used to detect the loss of RESET ACK PDU from the peer RLC entity. This timer is set when the RESET PDU is transmitted. And it will be stopped upon reception of RESET ACK PDU. If it expires, RESET PDU will be retransmitted. The value of the timer is signalled by RRC.

i)
Timer_MRW.


This timer is used as part of the Move Receiving Window protocol. It is used to trigger the retransmission of a status report containing an MRW SUFI field. The timer is started when the last STATUS PDU of the status report is first transmitted. Each time the timer expires the status report is retransmitted and the timer is restarted (when the last STATUS PDU of the status report is retransmitted). It shall be stopped when a STATUS PDU is received that indicates that VR(R) ( SN_MRW. It shall also be stopped if a new MRW procedure is triggered while it is running. The value of the timer is signalled by RRC.

11.3.2
Initiation

The sender initiates this procedure upon a request of acknowledged mode data transfer from higher layer or upon retransmission of PUs. Retransmitted PUs have higher priority than PUs transmitted for the first time.

The sender is only allowed to retransmit PUs that have been indicated missing by the receiver. An exception is the PU with SN VT(S)-1 which can always be retransmitted. In addition, the PU with highest SN that has not yet been acknowledged may be retransmitted if the peer Rx window size is less than half the maximum RLC AM sequence number.

RLC shall segment the data received from the higher layer into PUs. When the sender is in data transfer ready state one or several PUs are included in one AMD PDU, which is sent to the receiver. The PDUs shall be transmitted on the DCCH logical channel if the sender is located in the control plane and on the DTCH if it is located in the user plane. One or several PDUs may be transmitted in each transmission time interval (TTI) and MAC decides how many PDUs shall be transmitted in each TTI. In the UE, the PDUs that can not be transmitted in a TTI (i.e. MAC has indicated that some of the available PDUs can not be transmitted) shall be buffered according to the discard configuration set by RRC.

The VT(DAT) state variables shall be updated for each AMD PDU that is transmitted. The PDU shall not include any PU with Sequence Number ( VT(MS).

If the poll bit is set in any of the AMD PDUs and the timer Timer_Poll shall be used the sender shall start the timer Timer_Poll when the PDU with the set poll bit is transmitted on the physical layer.
If timer based SDU discard is used the timer Timer_Discard shall be started when the RLC entity receives an SDU from higher layer. One timer is used for each SDU that is received from higher layer.

If the trigger for polling, "Every Poll_PU PU", is used the VT(PU) shall be increased by 1 for each PU that is transmitted.

If the trigger for polling, "Every Poll_SDU SDU", is used the VT(SDU) shall be increased by 1 for each SDU that is transmitted.
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