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FANR – "PAN confusion"
Introduction

This paper highlights a problem with the Rel-7 specifications for FANR that cannot be resolved in a backwards-compatible manner, and proposes 3 possible solutions.

The problem - General
3GPP TS 44.060, sub-clause 9.1.8.2.3 specifies:

"Generation of the bitmap

 […]

For EGPRS TBFs using downlink dual carrier configuration, with FANR activated or using EGPRS2 and for EGPRS TBFs running in RLC non-persistent mode, when the mobile station is polled, V(R) shall be determined taking into account all RLC data blocks received up to and including those received in the radio block period where the poll is received. As an implementation option, the mobile station may also consider RLC data blocks that are received in following radio block periods, taking into account all RLC data blocks received in those radio block periods."

However, there is no mechanism for the network to be aware of the extent to which this implementation option is used (noting also that there is no requirement that this option be used consistently within a TBF).

This results in two possible ambiguities:


- padding zeros in a PAN cannot be distinguished from NACKs:
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AMBIGUITY: Are 

these ‘0’ bits 
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Figure 1 - Ambiguity relating to padding bits


- for recently re-transmitted blocks, the network cannot determine if the mobile took account of these transmissions when building a PAN or PDAN:
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Figure 2 - Ambiguity related to retransmission

The network can ensure that "normal" operation continues by assuming the worst case i.e. that the mobile does not make use of the implementation option at all. However, this results in performance degradation if the mobile has taken account of later block periods:


- in Figure 1, the network assumes that the bits are padding bits; however, the mobile may have requested retransmission of these blocks.


- in Figure 2, the network assumes that the recent retransmission of BSN=3 was not taken into account, and therefore keeps the status of BSN=3 at PENDING ACK, rather than setting to NACKED and retransmitting immediately.
If, on the other hand, the network would assume that the mobile actually uses this implementation option to its full extent, this will cause unnecessary retransmissions, and a potential result in a waste of downlink transmission resources:


- in Figure 1, the network assumes that the bits are NACKs; however, the mobile may have not included these blocks in the report, and hence they should have been considered as padding.


- in Figure 2, the network assumes that the recent retransmission of BSN=3 was taken into account, and therefore sets the status of BSN=3 to NACKED an retransmits it, rather than keeping the status at PENDING ACK.

The problem – Event-based PANs/PDANs
As highlighted above, the above issues are not "critical": performance is not degraded to a seriously low level compared with the case when a mobile meeting the minimum requirements is used.

However, in the case of event-based PANs/PDANs, a more serious issue arises. This is because E-B FANR relies on both the network and the mobile having a common understanding of which blocks have been NACKED. When a mobile believes that it has NACKED a block it sets the status to REPORTED and will not trigger further E-B PANs. 

However, if the network has ignored that NACK (for example, due to the ambiguities highlighted above), then a situation arises where the network does not believe it is required to retransmit the block (because it has not considered a NACK), and the mobile expects a retransmission based on the PAN sent earlier.

This can result in a degradation in performance such that the performance with E-B FANR enabled is worse than that with it not enabled.
One important observation is that if an E-B PAN is allowed to take into account block periods after the one in which it was initially triggered (and have ACK/NACKs for those block periods recognised as such by the network), the number of PANs sent can be reduced, since it can report NACKed blocks detected during these later block periods as well.

Solutions: Overview
It is clear that no solution can resolve the above problems without impact to either a MS or network (or both) that are compliant to the existing Rel-7 specifications. The solutions presented below vary in their impact to the MS, the network and the expected performance.

Solution #1: Minimise impact

In order to resolve the critical issue with respect to event-based FANR, with minimal impact to the MS and network the following is considered:


- When encountering any ambiguity in a PAN / PDAN that needs to be resolved, the network shall assume that the mobile has met only the minimum requirements (note that if the mobile reports an ACK for a block, it is not necessary to resolve any ambiguity since it does not matter which instance(s) of the block was/were received).

- When transmitting NACKs in a PAN / PDAN, the mobile station shall set as REPORTED only those blocks which were received incorrectly (or detected missing) according to the minimum performance requirements.

While this resolves the critical issue associated with E-B FANR, it leaves significant performance impact compared with that which was clearly intended and desired for Rel-7 LATRED.
Solution #2: Reduce the ambiguity – tighten performance requirements
The following possibilities would reduce the degree of ambiguity and improve the performance of the LATRED feature compared with Solution #1:

- reduce the "detect -> transmit" reaction time for E-B PANs from 20ms to 10ms


- require mobiles to take into account at least block period n-2 when constructing PANs (where the PAN is sent in block period n) for polled PANs (this would thereby align reporting with E-B FANR and avoid confusion as to whether a PAN is an E-B PAN or a polled PAN).
Solution #3: Restore performance

The previous solutions will result in a degradation of performance compared with that expected for Rel-7, due to increased latency in reporting ACK/NACK information.

In this solution, ambiguity is removed completely with a corresponding improvement in performance by including in the PAN / PDAN an indication of which radio blocks were included in the report. Currently, there are a maximum of four possibilities (the worst case is with a poll for transmission at N+8/N+9); however, when combined with solution #2, this would reduce to two possibilities, hence requiring a single bit indication.
This bit would be taken from the RB field of the PAN or included in the EGPRS PDAN message. The benefit of allowing faster feedback would considerably outweigh the reduction in bitmap size.
This solution removes any requirement for solution #1, since it removes any ambiguity about which block periods have been taken into account.

Solution #4: Phased release

It is clear that the intention of the implementation option specified in Rel-7 was to allow mobiles which could exceed the pre-existing minimum requirements for reporting "late" radio block periods to do so, thereby improving (reducing) the latency of ACK/NACK reporting. However, as shown above, only solution #3 allows this to be fully realised.
It is not believed that there exists any publicly-deployed implementation of Rel-7 FANR. In any case, it is clear that no solution exists to the above (serious) problems which would not require modification to both the MS and network (considering in particular that E-B FANR is mandatory for an MS supporting LATRED).

Nevertheless, a phased approach to allow solution #3 to be realised in as simple a means as possible could be as follows:


- implement Solutions #1 and #2 in Release 7


- in Release 7, also reserve a single bit in the RB (set to correspond to the Rel-7 
behaviour)


- in Release 9, specify Solution #3 using the reserved bit, and add a network 
capability indication corresponding to the use of that bit
This approach would avoid the need for additional MS capability signalling in Rel-9 (since the setting of the bit to anything other than the Rel-7 behaviour would remain implementation-dependent on the MS side).

However, this would require a Rel-9 mobile station and network to implement both Rel-7 and Rel-9 behaviour, and would lead to more testing and implementation effort. Therefore this is not a desired way forward.
Conclusion

It is believed that there does not exist any publicly-deployed implementation of Rel-7 FANR. In any case, any solution to the above (serious) problems require modification to both Rel-7 MS and network specifications (considering in particular that E-B FANR is mandatory for an MS supporting LATRED).

Given this, the sourcing companies propose that solutions #2 and #3 be implemented in Release 7 to minimize changes across releases, and to allow the same level of performance that was originally expected for Rel-7 LATRED. While a mechanism to introduce solution #3 in a phased approach (as in solution #4) is possible, it is considered that there are no benefits to this approach, which should thus be avoided.
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