3GPP TSG-RAN WG2 Meeting #35
R2-030754
07th  – 11th  April 2003, Seoul, South Korea
Source:
Panasonic
Title: Synchronising Operation of RLC AM and MAC-hs Retransmission Protocols During RLC RESET 

Agenda Item:
9.9
Document for:
Decision, Discussion

Introduction

The problem of RLC AM reset procedure for Radio Bearers mapped to HS-DSCH was discussed on the previous meetings [1,2]. It was shown that in the event of an RLC reset and since MAC-d PDUs are buffered in Node B Priority Queues, a number of MAC-hs PDUs , that cannot be used in UE, may be transmitted over the air. In order to solve this problem, it was proposed to discard all packets in corresponding Node B priority Queue [1] or to discard only those packets from corresponding Node B Priority Queue carrying the data from associated Radio Bearer [2].

In this contribution, the problems when operation of RLC AM and MAC-hs protocols are not synchronised during RLC reset are explained. It is shown that also some adjustment of UE operation is necessary. Solutions for establishing synchronisation and potential tradeoffs are outlined. 
Problems and Possible Solutions  

RLC AM reset Procedure may be initiated when an unrecoverable protocol error occurs or when number of retransmissions for an RLC AMD PDU or control PDU for moving receiving window  reach  configured maximum number. It is initiated by sending RESET RLC PDU from transmitting entity (located in RNC) to the receiving entity (located in UE). The details are explained in [3]. 

When devising a solution for synchronising the operation of retransmission protocols, we will try to satisfy two requirements:

· Efficient use of radio resources and 

· Correct protocol operation. 

Synchronising the Operation of Retransmission Protocols in Node B

To avoid wasting radio resources [1, 2], the packets associated to certain Radio Bearer should not be transmitted over the air after reset procedure has been invoked. Therefore, MAC-d PDUs containing the packets from reset Radio Bearer have to be removed from  Priority Queue and the retransmission of MAC-hs PDUs containing the packets from reset Radio Bearer has to be stopped. To perform these operations, Node B needs information on logical channel multiplexing (refer to the apppendix).  

To remove packets from the Priority Queue, it is necessary to notify Node B of initiated reset procedure and of logical channel information. This can be done by, e.g. appending specific inband informatin to RLC Reset PDU or including this as an IE into MAC-hs RELEASE REQUEST MESSAGE of NBAP / RNSAP protocols.  

Synchronising the Operation of Retransmission Protocols in UE

As explained in the Appendix, some of the packets containing “old ” RLC PDUs can be still found pending for delivery to RLC AM in reordering buffer or waiting for soft combining with retransmitted packets in soft buffer of the UE. The probability that the delivery of these packets adversely affects RLC operation after reset is directly proportional to the configured window size and also depends on respective RLC sequence numbers. Let us assume that “old” RLC PDU with sequence number X lower than configured window size has been delivered to RLC AM from MAC-hs reordering buffer after reset.  Following irregularities in RLC protocol operation may ensue (please note that some of them are mutually exclusive).

· Unnecessary sending of status report to RLC AM sending entity, 

· Unnecessary retransmission of RLC packets that are already pending for transmission in Node B,

· Unnecessary triggering of reset (after requesting retransmission of RLC packets that have not actually been transmitted or acknowledging “old” RLC packets) and 

· Loss of packets on RAN level (after receiving “old” RLC packet with SN=X, the real packet may be discarded because of having a sequence number falling outside of the reception window).    

The header of  MAC-hs PDU supports independent and simultaneous handling of packets associated to different Priority Queues by means of inband Queue ID information. Hence, when removing MAC-hs SDUs associated to reset Radio Bearer from reordering buffer, some packets from other Radio Bearers may be lost. The same applies when retransmission of certain MAC-hs PDU is aborted by changing the value of New Data Indicator in the Node B scheduler. (No operation on the UE side is needed since receiving HARQ entities will be automatically flushed when detecting different New Data Indicator on HS-SCCH.) However, if the update of the contents of soft and reordering buffers of UE after RLC reset were not performed, a consequence could be a permanent loss of some packets within RAN.    

Flushing the packets from UE reordering buffer may be realised  by defining a primitive from RLC AM to MAC-hs on the UE side. The primitive should be sent upon receiving RLC RESET PDU. As the knowledge on logical channel mapping is available in UE, no further information is needed. 

Conclusions
In this contribution we have explained possible error cases when reseting Radio Bearer mapped to HS-DSCH without synchronising the procedure with MAC-hs operation. We have also proposed solution to achieve this synchronisation while maintaining eficient radio resource use and correct protocol operation. It has been shown that the contents of Priority Queue in the Node B, Reordering buffer in the UE and the state of HARQ processes currently retransmitting packets have to be updated accordingly.   
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Appendix: Relations between RLC AM radio bearers, transport channels and logical channels  

The general format of the MAC PDU is given in Figure 1. C/T field of 4 bits provides an identification of logical channel instance when several logical channels are carried on a same transport channel. Due to logical channel multiplexing, one MAC-d PDU buffered in Priority Queue in the Node B may contain RLC PDUs belonging to different Radio Bearers that can generally be reset at different time instants. Finally, we note that the information on logical channels that are mapped on a single transport channel is available in UE but not in Node B. This information is contained in the logical channel identity field of the IE RB mapping info of the RRC signalling [5].   
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: The format of MAC PDU

For RLC in AM, one or two logical channels can be configured in the downlink. In case two logical channels are configured in the downlink, AMD and Control RLC PDUs can be transmitted on any of the two logical channels. For a Radio Bearer mapped to HS-DSCH transport channel, the following cases are possible.

· Both AMD and Control RLC PDUs are mapped to the same logical channel that is mapped to HS-DSCH transport channel. In this case data and control PDUs are buffered in the same Priority Queue in the Node B and the same reordering buffer is used in the UE. In this case some of data PDUs may reach UE before RLC RESET PDU. 

· AMD and Control RLC PDUs are mapped to different logical channels that are in turn mapped to HS-DSCH with different priorities. In this case data and control PDUs are buffered in different Priority Queues in the Node B and different reordering buffers are used in the UE. The transmission of control PDUs to UE is in this case generally faster than transmission of AMD PDUs. 

· AMD and control PDUs are mapped to different logical channels that are in turn mapped to HS-DSCH and DCH transport channels respectively. The transmission of control PDUs to UE is in this case generally faster than transmission of AMD PDUs.  

Based on these explanations it is self-evident that “old” RLC PDUs can be still found in the reordering buffer after RLC Reset PDU has been received. 

· relative timing of RLC RESET PDU and RLC AMD PDUs delivery to UE is not fixed and depends on relation between Radio Bearers, logical and transport channels and  

· some MAC-hs PDUs may be anyway retained in the reordering due to potential gaps.    
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