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Introduction

The problem of RLC AM reset procedure for Radio Bearers mapped to HS-DSCH was discussed on the previous meetings [1,2] and on RAN2 email reflector [6]. It was shown that in the event of an RLC reset 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 in more detail. Possible 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 reach the 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]. In the following it is shown that there is a need to synchronise RLC AM and MAC-hs Retransmission Protocols during the RLC RESET procedure for efficient use of radio resources and correct protocol operation. 
Problems of unsynchronised operation of MAC-hs and RLC retransmission protocols 

After a RLC RESET some of the packets containing “old ” RLC PDUs can be still found pending for delivery to RLC AM in the Node B queues and in the UE reordering or soft buffer of MMAC-hs (see also annex). The behaviour during RLC RESET may look quite different depending on the number of logical channels (priorities) that are used for transmission. In the following we consider three cases

1. Operation with one logical channel mapped to a singe priority queue

In this case both control and data RLC PDUs are mapped to a single Priority Queue in the Node B.  In this case the RLC RESET can cause the ‘old’ RLC PDUs to be transmitted unnecessarily over the air causing additional delay and inefficient use of radio resources. Correct protocol operation in general should be assured since control PDUs have the same priority and will only be received after the ‘old’ PDUs have been received correctly. 

2. Operation with different logical channels mapped to the same priority queue 

Same consequence as 1.

3. Operation with different logical channels mapped to different priorities

RLC control and RLC data PDUs were mapped to separate logical channels and are buffering in separate Priority Queues. RLC control PDUs or RLC retransmissions will be assigned a higher priority in line with the RLC requirement. In addition to the inefficiencies valid for operation 1 and 2, erroneous RLC protocol operation can be caused. The probability that the delivery of these packets adversely affect 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).  
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 appendix).  

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 information 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

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 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. In [7] it is shown that this can be seen as a rare case. 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 particular operation on the UE side is needed since receiving HARQ entities will be automatically flushed when detecting different New Data Indicator on HS-SCCH.) 

Flushing the packets from UE reordering buffer may be realised  by explicit Node B signalling or by defining a primitive from RLC AM to MAC-hs on the UE side. The second option seems to be the simplest solution. The primitive should be sent upon receiving RLC RESET PDU. As the knowledge on logical channel mapping is available in UE (refer to the Appendix), no further information is needed.
Discussion about the need of different priorities  

One could argue that there are means for UTRAN to work robustly during the RLC reset procedure for configuration with one logical channel mapped to the same priority. However in our view in a good network configuration MAC-hs should support priorisation as required by the RLC specification.  In the RLC specification [3] control PDUs have higher priority than initially transmitted and retransmitted data PDUs. With the introduction of the HS-DSCH this specification requirement  should be maintained even with Node B buffering. The operation with a single priority will prevent erroneous RLC protocol operation during the rare event of RLC RESET, but will cause other problems and inefficiencies during regular operation. In general the configuration of the RLC protocol timer may proof to be difficult. Not only own data PDUs will supersede the control RLC PDUs but every other RLC data PDU of users with RBs having higher priority will prevent the control PDUs to be transmitted. Lack of prioritisation will also cause an increase in delay variations (jitter) which has an non negligible impact on TCP performance, the main traffic expected to be transmitted over HS-DSCH.  

Some examples in which prioritising RLC PDUs over shared channel is important are:

· sending status report quickly for high speed services

· sending retransmitted RLC PDUs with higher priority etc.

· sending control PDUs quickly for window size change and MRW

· assign special transmission format (MCS, TFRC) to control RLC PDUs
· assign a special HARQ process for efficient handling of control RLC PDUs
Conclusions
In this contribution we have explained possible error cases when resetting Radio Bearer mapped to HS-DSCH without synchronising the procedure with MAC-hs operation. The importance to keep the flexibility to assign different priorities in MAC-hs for RLC control PDUs and retransmitted RLC data PDUs has been highlighted.  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 for correct protocol operation.  Therefore Panasonic supports the proposal to signal the event of an RLC RESET to MAC-hs in Node B via NBAP/RNSAP signalling as well as to MAC-hs in the UE via an additional primitive. 
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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. 
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