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Introduction

Since it was decided to flush the MAC-e HARQ processes in a TTI reconfiguration case, it is understood that there are potential loss of MAC-e PDUs. It’s further understood that RLC in acknowledged mode provides mechanisms for the retransmission of lost PDUs. The contributions proposes a more efficient method to assist recovery of lost PDUs upon TTI reconfiguration similar to the one agreed for the inter Node B serving cell change case for HSDPA. 
Discussion

Recovery mechanisms for HS-DSCH serving cell change

While UE performs inter-Node B serving HS-DSCH cell changes there is a potential risk of loosing PDUs in the source Node B, i.e. PDUs not successfully acknowledged at activation time (pending retransmissions). In [1] mechanisms provided by RLC for the recovery of lost AMD PDUs were evaluated in terms of latency. The mechansims include the RLC polling functions, the detection of missing AMD PDUs and the Timer based status report transfer [2].  It was shown that all three methods hold some inefficiency in terms latency. 
In order for example to detect missing PDUs UE needs to rely on receiving PDUs from the target Node B after serving cell change. However, RLC PDU reception required for determining missing PDU’s suffers from scheduling delay as well as from the successful HARQ processing of a PDU. Especially in case one of the lost AMD PDUs in the source Node B is the last PDU of a file transfer the latency is aggravated.  
For the second recovery mechanism UTRAN polls the UE for a status report. However since the triggers defined in RLC for the polling of status reports are not aligned with the HS-DSCH serving cell change case but are rather tied to predefined events like for example timers the polling function holds also some inefficiency in terms of latency. 
The same applies for the timer based status transfer method, where the receiving entity triggers the transmission of a status report to the transmitting entity periodically.  

In order to provide the S-RNC an exact RLC status after the inter-Node B serving HS-DSCH cell change with minimal delay it was decided that UE autonomously generates and sends RLC status reports right after the cell change. This avoids the latency and also the overhead when relying on the RLC polling function. Figure 1 in the annex shows the Inter-Node B synchronized serving HS-DSCH cell change procedure during hard handover. A primitive indicates the UE to reset the MAC-hs entity and to deliver the content of reordering queues to higher layer after the handover activation time. A second primitive between MAC and RLC indicates that a status report for each RLC entity associated with the HS-DSCH should be generated. The status reports shall be sent immediately following the MAC-hs reset regardless of the Timer_Status_Prohibit timer.

Recovery of lost PDU due to TTI reconfiguration

In the case of HSUPA there is a potential loss of PDUs at TTI reconfiguration as already mentioned. The retransmission mechanisms provided by RLC in acknowledged mode should recover potentially lost PDUs. 
It is understood that the sooner the UE receives a RLC Status Report after the TTI reconfiguration, the sooner the lost PDUs can be recovered. However the inefficiency of the RLC mechanisms in terms of latency mentioned above for the HS-DSCH serving cell change case applies in the same way for the TTI reconfiguration case.  For the case of detecting missing PDUs the RLC receiving entity in SRNC needs to rely on receiving RLC PDUs after the TTI reconfiguration. The UE just starts after TTI reconfiguration with the transmission of PDUs from where it stopped before TTI switching. However the RLC PDU reception required for determining missing PDUs suffers from successful reception at Node B after HARQ processing and the Iub delay. Furthermore it was decided at the last RAN2 meeting that UE should not send any data on E-DPDCH in the first 8 TTIs after activation time of new TTI after having changed TTI from 10ms to 2ms, which further adds some latency [2]. 
The polling function is also not efficient in terms of latency since the triggers defined for the polling of status reports are not aligned with the TTI reconfiguration event. 

Proposed recovery mechanism upon TTI reconfiguration

In order to provide the UE an exact RLC status after the TTI reconfiguration with minimum delay we propose that S-RNC autonomously generates and sends RLC status reports right after the reconfiguration. S-RNC should reset the MAC-es sublayer and deliver the content of the buffers to higher layer. After all delivered PDUs has been processed by the RLC entities each RLC entity generates a status reports and sends it to the UE. The point of time for clearing the reordering buffers is different for the TTI reconfiguration case compared to the HS-DSCH serving cell change case, where the MAC-hs is reset at activation time. This is due to the fact that for HSUPA HARQ soft buffer and reordering buffer are not located in the same network element. The HARQ soft buffers are located in MAC-e in Node B whereas the reordering entity is part of a separate MAC sub-layer, MAC-es, in the SRNC. Therefore S-RNC has to wait for all correctly received MAC-es PDUs at the point of  TTI reconfiguration before resetting MAC-es entity and delivering the content to higher layer. However since MAC-es PDUs are sent to MAC-es sublayer together with time stamps  indicating the CFN and subframe number when the PDU was decoded correctly, S-RNC is able to determine the correct point of time for resetting MAC-es entity in order to provide an exact RLC status after the TTI reconfiguration. It should be noted, that the point of time for resetting  MAC-es entity depends on the RNC implementation. 
In order to ensure that all PDUs have been delivered to the RLC entities and have been processed by same before generating the status report the MAC-es sublayer would inform RLC layer by a primitive as for the HSDPA case, i.e. Status_Report_REQ. The status reports should be transmitted immediately regardless of the Timer_Status_Prohibit in order to allow for a fast recovery of lost PDUs.  As a consequence of the MAC-es reset in S-RNC, UE needs to reset the TSN for transmissions after TTI reconfiguration.

The method has following advantages over the current assumed recovery methods:

· Since UE receives the RLC Status Reports after the TTI reconfiguration with minimal delay the latency to recover lost AMD PDUs is reduced 

· The UE receives exact RLC status after TTI reconfiguration. Based in the most up-to-date RLC status UE is able to speed up retransmissions of lost PDUs. This avoids stalling of PDUs with higher Sequence Number in the RLC buffer by the retransmissions. 

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

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

Furthermore since the proposed method is very similar to the one already agreed for HSDPA only very small changes in the current standard are required.

Conclusions
The contribution discusses a more efficient method to assist recovery of lost PDUs due to TTI reconfiguration.  It’s proposed, that S-RNC generates autonomously status reports upon TTI reconfiguration. It shown that it is beneficial for the UE to learn exact RLC status after the TTI reconfiguration for reduction of latency. Since the proposed method only requires very small changes in the current standard, the benefits are considerable.
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Figure 1: Inter-Node B synchronised serving HS-DSCH cell change during hard handover
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