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1. Introduction

It is understood that there are potential loss of PDUs in the Node B while the UE performs inter-Node B serving HS-DSCH cell changes. It is also proposed to use the RLC polling functions to assist PDU recovery in RLC AM mode in [1]. The purposes of this paper are to evaluate the efficiency of the RLC polling functions for recovery lost PDUs and to propose a more efficient method to assist recovery of lost PDUs.

2. Discussion

Current assumptions on possible RLC mechanisms (specified in [2]) to recover lost AMD PDUs in the source Node B upon inter-Node B serving HS-DSCH cell changes include 
1. The UE detects missing AMD PDUs

2. The RLC polling functions

We evaluate the latency of AMD PDU recovery by the above mechanisms. 

2.1. The UE detects missing (out of sequence) AMD PDUs 

In this method, after the inter-Node B serving HS-DSCH cell change the UE needs to rely on receiving AMD PDUs from the target Node B to tell whether AMD PDUs are lost in the source Node B.Once missing AMD PDUs are detected, the UE sends a RLC Status PDU to the UTRAN for recovery of the missed  AMD PDUs. 

This scheme is inefficient in latency for the following reasons.

· The UE should wait until receiving PDUs from the target Node B to trigger RLC status PDU. However, RLC PDU reception required for determining missing PDU’s suffers from delay at least from Node B scheduling and successful HARQ processing of the PDU.

· The latency is aggravated if one of the lost AMD PDUs in the source Node B is the last PDUs of a file transfer because the SRNC would not automatically transmit AMD PDUs to the UE via the target Node B after the inter-Node B serving HS-DSCH cell change. In this scenario this mechanism alone would not be sufficient to recover lost AMD PDUs. Other RLC mechanisms might be utilized to help the situation, but it would take a while for the SRNC to know that the AMD PDUs are already lost in the source Node B and need to be retransmitted. 

· Without specified handling, retransmissions of lost AMD PDUs would be queued after an amount of AMD PDUs that are already scheduled by the SRNC before receiving a RLC Status PDU from the UE. This also increases the latency of recovery lost AMD PDUs. Moreover, on the UE side this also stalls other AMD PDUs of higher RLC Sequence Number than that of the retransmission in the RLC buffer. 

2.2. The RLC polling functions
Basically we see three types of polling functions that might be used. 

1. The SRNC sets a poll bit after the decision of inter-Node B serving HS-DSCH cell change is made.

2. “Timer Base” by which the SRNC polls RLC Status Reports periodically

3. “Pull_PDU PDU” (or “Pull_SDU SDU”) by which the SRNC polls RLC Status Report every once a certain number of PDUs are transmitted.  

We also see inefficiency of the polling methods.

· If the poll bit is meant to be set after a handover decision is made and is meant to force the UE to send an up-to-date AMD PDU status. There is a possibility that the UE would not receive the poll bit in the handover procedure since the latency between the SRNC to the UE should be taken into account for the poll bit to arrive at the UE. Especially, channel conditions are worse while UE handover, the probability of receiving the poll bit would be less than usual. 

· In both the second and the third methods the poll functions would be helpful to recover PDU loss only after inter-Node B serving HS-DSCH cell changes. It takes longer to recover lost PDUs by relying on poll functions after inter-Node B serving HS-DSCH cell changes.

2.3.   The “Timer based STATUS transfer” is configured and its associated timer is expired

Other RLC mechanisms may also be utilized to assist the recovery lost AMD PDUs in the source Node B, for example, the “Timer based STATUS transfer”, pre-configured, which is periodically performed by the UE autonomously. This method also adds extra latency for the recovery. Moreover, it is not suited for shared-channel scenarios because in most HSDPA applications the downlink traffic is bursty, it is not necessary for the UE to create RLC Status Reports most of the time to increase uplink traffic load.   

3. Proposal 

We propose that the UE automatically sends RLC Status Reports right after the inter-Node B serving HS-DSCH cell change. For synchronized serving HS-DSCH cell changes, the RLC Status Reports can be sent on the first message after the activation time of the handover (when the UE stops listening the source HS-DSCH cell and starts listening the target HS-DSCH cell), for example, ”DCCH: transport channel reconfiguration complete”. For unsynchronized serving HS-DSCH cell changes, the PDU Status Report can also be sent on the first message after the UE starts listening the target Node B. 

We see this method has advantages over the current assumed methods.

· Since the SRNC receives the RLC Status Report right after the inter-Node B HS-DSCH cell change, the SRNC resumes transmissions beginning exactly on lost AMD PDUs; therefore, it reduces the latency to recover lost AMD PDUs.

· The SRNC would receive exact PDU status (after serving HS-DSCH cell changes). The SRNC resumes transmissions based on the most up-to-date PDU status. As a result, the recovery is faster because retransmissions of lost PDUs are not queued after AMD PDUs with higher RLC Sequence Number. This avoids stall of PDUs with higher Sequence Number in the RLC buffer by the retransmission. 

· Polling introduces overhead and latency. This can be avoided if UE autonomously generated RLC status reports. 

· Especially, the latency to recover lost AMD PDUs is aggravated if one of the lost AMD PDUs in the source Node B is the last PDUs of a file transfer. This method improves the latency significantly. 

We use inter-Node B synchronized serving HS-DSCH cell change during hard handover (see Figure 1) as an example to show proposed signaling. Notice after the handover activation time, two extra primitives are added in the UE – “Reorder-queue-content” to deliver the content of reordering queue to higher layer (but does not require to flush the reordering buffers), and “RLC-status” to deliver the RLC status report to the UE RRC. The RLC status report is sent on “DCCH: TRANSPORT CHANNEL RECONFIGURATION COMPLETE” to the UTRAN.
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Figure  Inter-Node B synchronized serving HS-DSCH cell change during hard handover

In summary, it is necessary that the system is able to recover lost PDUs in the source Node B while inter Node-B serving HS-DSCH cell changes. It can be seen that the sooner the SRNC receives a RLC Status Report after the inter-Node B serving HS-DSCH cell change, the sooner the lost PDUs can be recovered. It also can be seen that it is beneficial for the UE to learn exact RLC status after the inter-Node B serving HS-DSCH cell change for reduction of latency. We think this method only requires very small change in the current standard, yet the benefits are considerable. 

If agreed, we can further provide a CR. 
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