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Inter-working of event-based FANR and the polling for PDAN
1. Introduction

The Fast Ack/Nack Reporting (FANR) stage 2 working assumptions have been discussed extensively during last GERAN meetings. Although not all working assumptions have been endorsed yet, this paper aims to discuss stage 3 related issues such as details of reporting procedures and synchronization with the legacy Ack/Nack reporting.
In this document, the term Packet Ack/Nack refers to PACKET DOWNLINK ACK/NACK, EGPRS PACKET DOWNLINK ACK/NACK and Piggy-backed Ack/Nack (PAN).

2. Problem Definition
The proper inter-working between Fast Ack/Nack Reporting and the polling for Packet downlink Ack/Nack is essential for leveraging the benefits of these two features. 
The working assumption is that FANR is either triggered by the network via the polling procedures (i.e. polling for PAN) or event-based i.e. the MS (when being RLC receiver) transmits PAN according to given (tbd) events. Note that PAN transmission from the network is implementation specific. Further, when the network polls for PAN, the MS shall respond with a PAN containing an FPB (First Partial Bitmap). Because the content of a PAN sent in response to a poll will be defined in a deterministic manner (based on RLC state variables) there is no problem of synchronization with the “traditional” PDAN acknowledgement.
In event-based FANR, a problem may arise of double reporting of negative acknowledgments in a PDAN and in a PAN. The intention is to avoid this situation and thus to decrease the number of transmitted EGPRS RLC/MAC blocks for data transfer including PAN. An example situation when the synchronization problem occurs is shown on Figure 1. The variable V(P) (not defined in 44.060) is used to denote the next RLC data block which should be indicated in the next PAN. Please note that the variable V(P) is used only for the explanatory purpose. The solution outlined in the section 3 does not require the variable to be defined.The sequence of events is as follows:
a) The MS (RLC endpoint receiver) reported RLC data blocks between V(Q) and V(P) through the Fast Ack/Nack reporting procedures (e.g., the poll for PAN was received). The RLC data blocks whose BSN is higher or equal to V(P) have not been reported yet. At this point the MS is polled for PDAN with measurements included. 

b) The next partial bitmap is included in PDAN along with the measurement reports if there is enough space. Because the PBSN is outside the window the SSN shall be set to V(Q) + 1 and the PBSN to the last RLC data block indicated in the reported bitmap. Let us assume that the reported bitmap covers whole receive window and the PBSN is set to V(R). All RLC blocks of which the corresponding elements in V(N) are set to INVALID are reported and thus V(P) is set to V(R). (Note: V(P) = V(R) is a condition when no PAN is sent in this case).
c) The network (RLC endpoint transmitter) shall transmit the RLC data blocks of which the corresponding element in V(B) is set to NACKED first. The EGPRS RLC/MAC block for data transfer is received with the BSN equal E1 included in the RLC/MAC header. This is recognized as an event indicating the erroneous retransmission because the blocks between V(Q) and E1 were reported earlier. The RLC receiver sets V(P) to V(Q) and starts the FANR.
d) The MS should continue the FANR until the RLC data block with BSN equal to E1 is indicated in the reported bitmap. A new event occurs before the RLC data block with BSN equal to E1 is reported. The header of the EGPRS RLC/MAC block for data transfer including the BSN equal to E2, which is higher than V(R), was received. The V(R) is not advanced because the RLC data block was not decoded successfully. When the RLC receiver reported all negative acknowledgments between V(Q) and E1, it should start reporting the RLC data blocks at the end of the window. The RLC data blocks indicated in PDAN previously should be skipped. However, if the RLC receiver does not have a knowledge of the previously reported RLC data blocks, the reporting would obviously continue with the next RLC data block immediately following E1 of which the corresponding element in V(N) is set to INVALID. The RLC data block will be double reported although the erroneous retransmission (see bullet c)) has not been detected. 
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Figure 1: Inter-working of FANR with the poling for PDAN

3. Solution

The problem highlighted in the previous section can be solved in different ways. In this paper the proposed solution for the synchronization of the FANR and the polling for PDAN is to introduce a new value of the receive state array V(N).
Elements in V(N) corresponding to RLC data blocks within the receive window would be set to the value REPORTED after the status of the RLC data block is indicated in the reported bitmap in PAN or Packet Ack/Nack and the RLC data block has not been received yet (i.e. elements in V(N) set to INVALID are changed to REPORTED and elements set to RECEIVED are kept unchanged). Elements in V(N) that fall outside the receive window, shall be set to the value INVALID. If an event of erroneous retransmission is detected (E1), elements in V(N) between V(Q) and BSN of the block causing the event and which value is set to REPORTED shall be set INVALID.
The SSN indicated in PAN would be determined from the V(N) only. The SSN is set to BSN of the first RLC data block within the receive window of which the corresponding element in V(N) is set to INVALID.

In event-based FANR, the RLC receiver is supposed to continue to send PAN until all the negative acknowledgments are reported. As can be see on the figure, the receive state variable V(R) cannot be used for specification of the condition when the RLC receiver shall stop reporting because V(R) is advanced only when the RLC data block is received, according to the current specification. This does not cover the situation when the RLC/MAC header is received correctly and the RLC data block cannot be decoded. Thus, a new state variable needs to be introduced or a V(R) update procedure altered.
4. Conclusions
The problem of synchronization of the event-based Fast Ack/Nack Reporting with the polling for Packed downlink Ack/Nack is discussed in this contribution. The possible solution based on the introduction of the new value of elements in the receive state array V(N) is outlined. The solution also requires to alter the update procedure of the receiver state variable V(R) or the introduction of new variable in order to be able to unambiguously specify the behavior of the RLC receiver endpoint in the event-based Fast Ack/Nack Reporting.

