Error! No text of specified style in document.
3
Error! No text of specified style in document.

TSG-RAN WG2 Meeting 58bis
                 Tdoc  R2-072568
Orlando, US, 25-29 June 2007



Agenda Item:
5.2.2
Source: 
Ericsson 
Title:  
RLC status reporting mechanisms
Document for:
Discussion, Decision
1.
Introduction
In this paper we discuss the mechanisms needed to trigger polls and status messages in RLC for LTE. We also discuss a desired mechanism to advance the transmitter window which affects the needed trigger mechanisms.
2.
Advancement of transmitter window

In WCDMA RLC the transmitter window is advanced when an RLC ACK SUFI is received. This design was aimed at Rel-99 channels where the RLC ARQ corrected all transmission errors that occurred over the air interface. When a HARQ layer is present below the RLC ARQ as in HSDPA and LTE this design is not necessarily efficient. In HSPDA, HARQ corrects the vast majority of the transmission errors and RLC retransmissions are only occasionally needed. With the Rel-99 RLC design this results in that  RLC ACK SUFIs need to be sent at a relatively high rate (in the order of once per RTT) only to advance the transmitter window even if no RLC retransmissions are needed.

For LTE we propose a mechanism that does not require RLC ACKs to advance the transmitter window. Instead an RLC PDU is assumed to be correctly received (and the transmitter window advanced) if no RLC NACK is received within a certain time, where the waiting  time needs to be sufficiently large to assure that any transmitted RLC status reports containing NACKs have been received. This would result in a scheme with the following characteristics:
· No RLC status reports are normally needed in error free conditions which reduces the amount of RLC feedback, especially for continuous transmission

· The ARQ mechanism requires a minimum of status and polling triggers as also discussed in the following sections

· SDU discard can be simply realised by aborting transmission of RLC PDUs without need for explicit signalling, even in the case where the RLC SDU is partly transmitted [3]
This would significantly reduce the amount of RLC feedback needed, especially for continuous transmission to a UE. The scheme would give sufficient residual error rate (10-5 to 10-6) for most applications, see [2]. If very low residual bit error rates are required for specific services, e.g. RRC signalling, this can be achieved by including a poll in the last message in each burst.
Proposal 1: The RLC transmitter window shall be advanced not only upon received ACKs but also when no NACK has been received within a certain time.

3.
Triggers for RLC polls

3.1
Last PDU in buffer and poll retransmission timer
In order to reach low residual bit error rates for the transmission of isolated RLC PDUs (and the last RLC PDU in a burst) a poll mechanism is needed where a poll is triggered for the last PDU. A timer is started in the transmitter when the poll is sent and if no status message has been received confirming the reception of the RLC PDU when the timer expires, the poll is retransmitted. 
This mechanism is needed to reach very low residual bit error rates e.g for RRC and NAS signalling. This mechanism may however not be desirable for user data since it leads to significant overhead due to the transmitted status reports which will be triggered in the end of each transmission burst, and for each isolated packet (e.g each VoIP packet). It should therefore be possible to configure the polling function per radio bearer.
Proposal 2: A poll shall be triggered when the last PDU in the buffer is transmitted (configurable). A poll retransmission timer shall be started when a poll is transmitted. When the timer expires, and the RLC PDU that the poll is associated with has not been acknowledged, the poll shall be retransmitted and the timer restarted.
In WCDMA the poll is transmitted as a poll bit in the RLC header. This means that when the poll timer expires the RLC PDU carrying the poll is retransmitted. This has the advantage that if any RLC PDUs are missing, this will always be detected in the receiver when the RLC PDU carrying the poll is received and NACKs are sent for these RLC PDUs. If the poll is transmitted as an RLC SUFI, which has been suggested for LTE, this does not allow the receiver to always detect missing PDUs unless there is an RLC sequence number included in the SUFI. Thus, if the last few RLC PDUs in a burst are missing, a received retransmitted poll would trigger a status report, but would not necessarily detect all missing PDUs. Thus the poll should either be transmitted as part of the RLC header (as in WCDMA), or, if it is sent as an RLC SUFI,  the RLC SUFI should contain the RLC SN that the poll was triggered for.
Proposal 3: Send RLC polls as a field in the RLC header (poll bit) 
4.
Triggers for status reporting
4.1
Missing PDU detection
An efficient way to detect transmission errors during continuous transmission is through detection of missing PDUs in the RLC receiver. Since HARQ delivers received RLC PDUs out of sequence to RLC a status report can however not be triggered immediately when a gap in the received sequence numbers is detected. Upon reception of out of sequence RLC PDUs from HARQ, the reordering functionality will wait a certain time (similar to the reordering functionality specified in MAC-hs for HSDPA). When the reordering timer expires, this is a sign of HARQ failure and the RLC status report should be triggered.

Proposal 4: A status message shall be triggered when a missing RLC PDU is detected (configurable). The detection of missing PDUs shall be done after reordering, i.e. when the reordering timer has expired. 

4.2
Received polls 
It has been agreed that a poll mechanism exists where the RLC transmitter can poll the receiver for status reports. Consequently one trigger for triggering RLC status reports is a received poll. One issue that can be discussed is if the receiver shall react immediately upon a received poll message or if the status report shall be triggered when the RLC PDU containing the poll has passed the reordering mechanism. It could appear attractive to trigger the status message immediately, prior to reordering, since the reordering functionality causes delay. However, that has the unwanted implication that the triggered status report can not consider all PDUs transmitted up to the time when the poll was sent since some PDUs may still be subject to HARQ retransmissions and reordering. 
Proposal 5: A status message shall be triggered when an RLC poll is received. The detection of received polls shall be done after reordering.
4.3
Status PDU retransmission

As was mentioned in section 2 we propose a mechanism where the transmitter window is advanced without the need for RLC ACKs. This requires that the transmitter can assume, with sufficient reliability, that no RLC NACK has been transmitted by the peer entity. One potential error case is the situation where a status PDU containing RLC NACKs is sent but lost over the air. A potential solution to this is to define a supervision timer that retransmits the status PDU if not all RLC PDUs that were requested for retransmission have been received when the timer expires.

However, it should be noted that also RLC status PDUs are transmitted over HARQ. Thus there are basically two reasons for losing status PDUs namely reaching maximum number of retransmissions or a HARQ NACK(ACK error. In the case of reaching maximum number of HARQ retransmissions this will be detected by the HARQ transmitter which can retransmit the RLC status PDU. In the case of HARQ NACK(ACK error this can be detected by the peer HARQ entity that can respond with a MAC control PDU requesting retransmission of the status PDU (or more precisely a retransmission of the TTI that contained the status PDU). Thus it seems possible to leave out the status PDU retransmission mechanism.
Proposal 6: A status retransmission timer is not needed given that the “local NACK 2” detection is defined in HARQ and that a MAC control PDU referring to non-received TTIs/sub frames is used. If “local NACK 2 “ is not used a status PDU retransmission timer is needed. 

4.4
Status prohibit
The need for a status prohibit timer depends on which triggers for sending status reports and polls that are defined. With the triggers proposed in this document a status prohibit mechanism would not be strictly necessary (if triggers like window based polling, polling every N PDU or similar are defined the status prohibit mechanism may be needed to limit the number of status PDUs to a reasonable level). However, it may be desirable for certain applications to configure the polling trigger also for the user plane. In that case it would be beneficial to also have a status prohibit timer.
Proposal 7: A status prohibit mechanism shall be defined
4.5
Relation to HARQ/ARQ interaction
According to current stage 2 agreements the HARQ transmitter should notify the relevant RLC transmitters when the maximum number of HARQ transmissions have been reached. It is still FFS if the HARQ receiver shall notify the relevant RLC transmitters via explicit signalling when HARQ NACK(ACK errors are detected (referred to “local NACK 2” in the RAN2 discussions). In this document we assume that this interaction is adopted. One main reason for that is it that it allows the protocol to run with less RLC status reports. Consider e.g the case with continuous transmission without HARQ errors. In this case there will be no missing PDUs or HARQ NACK to ACK errors detected.  Another reason to adopt the local NACK 2 is that it makes it possible to simplify the RLC protocol and apply fewer triggers for polling and status reporting, which is also identified in [1].
In an ACK based ARQ protocol (transmitter window advanced only based on received ACKs), RLC status reports are needed also during error free transmission. This also requires special RLC triggers such as window based polling, polling every N PDU or status reporting every received N PDU. In a NACK based protocol these triggers are not needed provided that the local NACK 2 is adopted.

The HARQ/ARQ interaction for NACK is discussed in detail in an a companioning contribution R2-072565 [4].
5.
Conclusions

In this document we have discussed the mechanisms to advance the transmitter window for RLC in LTE and the triggers for sending polls and status reports. Based on the discussion we propose:
Proposal 1: The RLC transmitter window shall be advanced not only upon received ACKs but also when no NACK has been received within a certain time.

Proposal 2: A poll shall be triggered when the last PDU in the buffer is transmitted (configurable). A poll retransmission timer shall be started when a poll is transmitted. When the timer expires, and the RLC PDU that the poll is associated with has not been acknowledged, the poll shall be retransmitted and the timer restarted.
Proposal 3: Send RLC polls as a field in the RLC header (poll bit) 
Proposal 4: A status message shall be triggered when a missing RLC PDU is detected (configurable?). The detection of missing PDUs shall be done after reordering, i.e. when the reordering timer has expired. 

Proposal 5: A status message shall be triggered when an RLC poll is received. The detection of received polls shall be done after reordering.
Proposal 6: A status retransmission timer is not needed given that the “local NACK 2” detection is defined in HARQ and that a MAC control PDU referring to non-received TTIs/sub frames is used. If “local NACK 2 “ is not used a status PDU retransmission timer is needed
Proposal 7: A status prohibit mechanism shall be defined
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