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Open issues on FANR 
1. List of open working assumptions
A list of Working Assumptions for FANR were presented in [1] at GERAN#32. Most of them were agreed by GERAN WG1 and WG2.

Some of the issues that were left open are:
1. Reduction of payload bits VS change of the code rate (when a short bitmap is inserted)

This was further briefly discussed also at GERAN2#31bis and now it seems that there is a general preference for the second approach, so that the final Working Assumption is that additional Puncturing Schemes are defined (for each MCS, excluding MCS4 and MCS9) to have a different code rate when a short bitmap needs to be inserted (as described in [2]). This approach would allow a higher peak bit rate and would definitely minimize changes to the RLC protocol, e.g. avoid any impact on the RLC segmentation/reassembly procedures. The discrimination between legacy and modified Puncturing Schemes – when a bitmap is inserted – could be based on one bit (or more bits, in case of variable size bitmaps) in the header, indicating the presence of a bitmap. 
2. Fixed size bitmap VS variable size bitmap
A fixed size bitmap is clearly easier to specify/implement:
· Only a new set of puncturing schemes needs to be defined (for each MCS)
· IR across a limited set of different puncturing schemes is easier to implement
· Only 1 bit is needed to signal the presence of a bitmap, avoiding the need to redefine the meaning of fields in the RLC/MAC headers (there’s no more than 1 spare bit in some cases)
A fixed size short bitmap has a limited impact on the payload coding and is therefore a better solution to preserve the throughput performance in the direction where the bitmap is sent.
On the contrary, a short size bitmap is not enough to contain the complete bitmap (i.e. from V(Q) to V(R)) in all possible scenarios. This was highlighted for instance in [3]. But this is not a problem by itself! Even in today’s EGPRS the bitmap that can be reported in the Ack/Nack message is often shorter than the complete bitmap (i.e. from V(Q) to V(R)) but this is not necessarily a problem. The need for a variable size bitmap would then need to be proven by corresponding simulation results. In [4] it is shown that a fixed size short bitmap is definitely enough to support a Conversational Service like VoIP. In Section 2 some preliminary results are reported also for a more “wideband” application (using RLC Acknowledged mode), showing that a fixed size short bitmap would be probably enough even in this case.  Therefore it is still Siemens’ assumption that only a fixed size “short” bitmap per MCS needs to be specified. Note: the size of the bitmap could be different for different MCSs (higher MCSs could host longer bitmaps), but it should be fixed per MCS.
3. SSN-based approach VS Time-based approach for FANR in the DL (for UL TBFs)

Since the SSN-based approach is the current solution and also the approach than needs to be used for FANR in the UL, Siemens opinion is that the SSN-based approach can be considered the default solution also in the DL. Nevertheless the adoption of the time-based approach (leading to the possibility to further reduce the RLC RTT) seems unavoidable to effectively support services like VoIP (see [4]). 
But also independent of the additional gains in terms of reduced delay, the time-based approach (even when not implemented at the BTS!) has the tremendous benefit that feedback information can be sent to a given mobile station in a DL radio block intended for another mobile station. This is useful when fast feedback needs to be provided for an UL TBF while there is no data to send in the DL (i.e. a DL TBF either does not exist or is “suspended”) as could happen during a bidirectional voice call, and more generally would allow the network to keep uplink and downlink scheduling decoupled.
Therefore Siemens strongly believes that the time-based approach to fill the ack/nack bitmap in the DL needs to be an option. It should be noted that there would be no impact on the L1 specification. The option would only define how bits should be filled in by the transmitter (i.e. the network) and interpreted by the receiver (i.e. the mobile station), while the decision of time based/SSN based approach to be used could be made at the time of assignment
2. Simulation results for FANR
In the following some results are shown where FANR (together with RTTI) is used to support a non-real time application that requires high throughput. The goal is to show that a short fixed size bitmap piggybacked in RLC data blocks could be enough also in this case.
The simulations assumptions/ parameters are the following:

· 8 timeslots are exclusively allocated to the TBF, while 2 timeslots are always allocated in the reverse direction, where Packet Ack/Nack messages and bitmaps piggybacked in RLC data blocks are sent.
· RTTI blocks are used (with TU3idFH link layer performance as in [2]). Correspondingly, a RLC RTT of 60 ms is considered (as described in several documents, e.g. in [4])

· RLC Acknowledged mode is used. The (legacy) polling procedure is characterized by an Acknowledgement Period AP, expressed in number of RLC blocks. Note: a network initiated polling procedure is always needed:

· To obtain Channel Quality reports
· In RLC Acknowledged mode, to receive feedback to move the transmit window forward when no “events” (i.e. no errors) are detected at the receiver

· Where FANR is not used, a Window Size of 1024 is considered

· In case of FANR, the SSN-based approach is used. Two configurations are considered:

· 20-bit bitmap (as in [2]). Window Size = 512 ( 10 useful bits for the ack/nack information (the assumption is that there is only 1 DL TBF).
· Window Size = 1024. 30 useful bits for the ack/nack information
· In case of FANR, the bitmap is piggybacked when one of the 2 following “events” occur:
· An out-of-sequence condition is detected, i.e. an RLC block with BSN > V(R) is received
· The header of a missing block is received, but the payload is corrupted
· In case of FANR, 2 strategies are used when the complete bitmap (from V(Q) to V(R)) does not fit in the reported ack/nack bitmap (either 10 or 30 bits):
· The First Partial Bitmap (FPB) is always sent

· The receives alternates between FPB and NPB (Next Partial Bitmap) in a cyclic manner (Note that this is a very simple strategy. In practice more optimal strategies could be used and the results presented in this document are pessimistic in that sense)
· In case of FANR, short bitmaps on the reverse link are piggybacked in radio blocks coded with the same MCS used in the forward link. The channel quality (C/I) is assumed to be the same on both links. The probability to lose a bitmap therefore depends on the actual C/I, and is again taken from the link level results shown in [2].

2.1 Simulations for RTTI MCS-6 (1 RLC block per radio block)

Figure 1 shows the RLC throughput in case RTTI MCS-6 is used, in terms of number of RLC blocks per TTI (the maximum for an 8 timeslot “RTTI” allocation is 4 RLC blocks per TTI, corresponding to 236.8 kbps). 
Results are shown for 5 configurations:

· Best possible performance: no FANR & legacy Packet Ack/Nack message sent every time, i.e. every 10 ms (equivalent to AP=4). 

· Realistic configuration without FANR: a legacy Packet Ack/Nack message sent every 32 RLC blocks (AP=32), i.e. every 80 ms
· FANR, 10-bits, FPB is always sent
· FANR, 10-bits, alternating between FPB and NPB

· FANR, 30-bits, alternating between FPB and NPB
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 Figure 1: RLC Throughput for MCS6                        Figure 2: Bitmap inclusion rate
It can be noticed that if FANR is not used there is a noticeable performance degradation when passing from the “ideal” case to a more realistic scenario (AP=32). If FANR is used, also with a very short 10-bits ack/nack bitmap, it is possible to achieve results very close to the best possible performance.

Figure 2 shows the bitmap inclusion rate (in case of FANR, 10-bits, alternating between FPB and NPB), i.e. the probability that a bitmap is inserted in a radio block on the reverse link. At low C/I the probability to generate a bitmap (with the rules defined in the assumptions above) is quite high. It is therefore beneficial to keep its size as small as possible to limit the impact on throughput performance in the direction where the bitmap is sent.
2.2 Simulations for RTTI MCS-8 (2 RLC blocks per radio block)

Figure 2 shows the RLC throughput in case RTTI MCS-8 is used, in terms of number of RLC blocks per TTI (the maximum for an 8 timeslot “RTTI” allocation is 8 RLC blocks per TTI, corresponding to 435.2 kbps). 

Results are shown for 6 configurations:

· Best possible performance: no FANR & legacy Packet Ack/Nack message sent every time, i.e. every 10 ms (equivalent to AP=8). 

· Realistic configuration without FANR: a legacy Packet Ack/Nack message sent every 32 RLC blocks (AP=32), i.e. every 40 ms

· FANR, 10-bits, FPB is always sent

· FANR, 10-bits, alternating between FPB and NPB

· FANR, 10-bits, alternating between FPB and NPB, with a “protection mechanism” that inserts a bitmap (even when no event is detected) to ensure that at least 2 short bitmaps are sent in a row, to reduce the risk of losing the feedback information on the reverse link
· FANR, 30-bits, alternating between FPB and NPB
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Figure 3: RLC Throughput for MCS8                          Figure 4: Bitmap inclusion rate

In this case, if FANR is not used, the throughput degradation when passing from the “ideal” case to a realistic scenario is even more evident. If FANR is used, and a FPB is always sent, performance would only slightly increase. But alternating between FPB and NPN, and possibly using some sort of redundancy mechanism to minimize the risk that a bitmap is lost, would improve results close to the best possible performance, also with a 10-bits ack/nack bitmap.

By using a 30-bits ack/nack bitmap it would be possible to cover the gap also at the low C/I. Nevertheless this would mean that a “long” bitmap needs to be sent on the reverse link almost every time (see Figure 4), with the risk to seriously decrease the throughput performance in that direction.

According to these simulation results it seems that a variable size bitmap is not justified, since a fixed very short bitmap (20 bits ( 10 bits ack/nack bitmap) seem to efficiently cover all the possible scenarios. 
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