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1 Introduction and Background
FE-FACH work item [1] was initiated during RAN2#73bis. The goal of the work item is to justify the complexity for several potential enhancements to existing mechanisms. One of the features considered is “Fallback to Rel-99 PRACH”. Here, the idea is to allow an E-DCH in CELL_FACH capable UE to use Rel-99 RACH to access the system under certain scenarios. There are two use cases that have been put forth by the proponents of this sub-feature:-

· Allow a E-DCH in CELL_FACH capable UE to fallback to Rel-99 PRACH in case the common E-DCH resources are occupied to alleviate the blocking on common E-DCH resources

· Small packets are more efficiently transmitted over Rel-99 PRACH compared to common E-DCH 
In a parallel contribution [2], we have discussed the above two use cases of enabling fallback to Rel-99 PRACH in detail. Therein, it is shown that fallback to Rel-99 sub-feature results in a higher probability of obtaining an uplink resource for E-DCH in CELL_FACH capable UE’s. On the other hand, it negatively impacts the probability of obtaining an uplink resource for legacy UEs since they face contention from the E-DCH UE’s that fallback. Thus, care must be taken to minimize the impact to legacy UEs and any mechanism to enable this sub-feature must provide the NW with adequate means to do so. Further, in [6] it is shown that there is no merit in fallback to Rel-99 from a link efficiency perspective for transmission of small packets.
In the previous RAN2#76, the following two alternative methodologies were discussed to enable fallback to Rel-99 [3]:-

· Dynamic fallback: UE starts accessing by requesting a common E-DCH resource but is told by the NW to fallback to Rel-99. The fallback indication could be based on, for example, some (new) reserved E-AI on AICH as response to the UE’s random access preamble
· Static fallback: CCCH and possibly DCCH is always transmitted on Rel-99 resource, whereas DTCH is always transmitted on common E-DCH resource on the uplink
Based on the conclusions presented in [2] and as discussed above, a static scheme for fallback to R99 would have considerable performance impact for legacy UE’s that access on Rel-99 PRACH resources. Also in cases when common E-DCH resources are indeed available, transmitting on Rel-99 PRACH is less link efficient than on E-DCH.  Furthermore, a static scheme does not provide the gains from enabling dynamic fallback to Rel-99 based on common E-DCH resource congestion. Thus, only a dynamic fallback scheme should be used to enable fallback to Rel-99 sub-feature and any static scheme should be precluded from consideration.
Proposal: A scheme to enable the sub-feature of fallback to Rel-99 PRACH should be based on a dynamic indication from the Node-B.
There has been some discussion on the complexity of a dynamic mechanism for fallback to Rel-99 PRACH. In particular, concerns have been raised on the autonomous reconfiguration aspect of dynamic fallback mechanisms, where the transport channel needs to be reconfigured from E-DCH to RACH and the RLC from flexible size to fixed size. We refer the reader to [4], [5] for further details. In the next section, we present a dynamic fallback to R99 scheme which addresses some of these concerns.
2 Dynamic Scheme for Fallback to Rel-99

A pseudo-code for the proposed dynamic scheme for fallback to Rel-99 PRACH is as follows:-

· Step 1: Two radio bearer (RB) mapping options are maintained by the UE in parallel:

· RB mapping 1: Flexible RLC → E-DCH → E-DPDCH

· RB mapping 2: Fixed RLC → RACH → PRACH
· Step 2: UE performs random access procedure and always requests a common E-DCH resource.
· Step 3: The NW can either
· Grant a common E-DCH resource via AI/E-AI signaling to the UE. Go to Step 4a; or
· Indicate to the UE to fallback to Rel-99. The fallback indication could be based on, for example, some (new) reserved AI/E-AI on AICH as response to the UE’s random access preamble. Go to Step 4b.
· Step 4a: If the NW grants a common E-DCH resource to the UE, then the UE accesses the system on that resource and using RB mapping 1 for transmission of data. Thereon, legacy rules for termination of common E-DCH transmission apply. Go to step 5.
· Step 4b: If the NW indicates to fallback to Rel-99, the UE can either

· Step 4bi*: If conditions are “favorable to fallback”**, fallback to Rel-99 by starting a fresh preamble ramping procedure to obtain a Rel-99 PRACH resource. Thereon, the UE follows the legacy Rel-99 random access procedure rules and uses RB mapping 2 for data transmission for that access attempt. Go to step 5; or

·  Step 4bii: If conditions are not “favorable to fallback”, re-attempt access by requesting a common E-DCH resource after a backoff timer expires. Note that this step can be thought of as interpreting the indication to fallback to Rel-99 as a NACK from the NW. Go to Step 2 and assume one less preamble ramping cycle available for the random access procedure.
· Step 5: Procedure ends
*Here, some consideration would have to be provided for the UE complexity, by allowing for a reconfiguration interval of a few radio frames before the UE can perform fallback and start the random access procedure for Rel-99 PRACH.

**Conditions are “favorable to fallback” when the UE does not have a flexible RLC PDU waiting to be transmitted. In other words, conditions are not “favorable to fallback” if and only if 
a. The UE has some pre-generated flexible size RLC PDU’s which are waiting to be transmitted; or 
b. A retransmission of a flexible RLC PDU is required. 
For “fully radio aware” UE’s, the only case when the UE would not fallback to Rel-99 when indicated to do so by the NW, would be for retransmission of flexible size RLC PDU’s. Since RLC re-transmissions are quite rare, this should be an infrequent event. Even for “partially radio aware” UE’s, as long as the NW did not explicitly release the common E-DCH resource in the middle of the previous common E-DCH data transmission, there should be no pre-generated flexible RLC PDU’s waiting to be transmitted. Further, since CELL_FACH is designed for transmission of small data burst, it is unlikely that UE’s would have enough data to pre-generate RLC PDU’s in the first place. Thus, overall the likelihood of conditions being not “favorable to fallback” would be quite rare. Further, even if the conditions are not “favorable to fallback”, the resulting penalty is no worse than today; the fact that the UE was asked to fallback by the NW means that the common E-DCH resources were blocked and the UE would have had to re-attempt to acquire a common E-DCH resource anyway.
Note that in the above proposed mechanism, the UE always starts by requesting a common E-DCH resource in step 2. So, even if the UE had successfully received Rel-99 PRACH resource by means of fallback in a previous uplink transmission, it would start the next transmission by requesting a common E-DCH resource from the NW. This ensures that the UE is not unnecessarily using a Rel-99 resource in case common E-DCH resources become available in the future.
Another advantage of the dynamic fallback approach described above is that it reuses the existing RLC and MAC functionalities for PRACH and common E-DCH transmission. Further, by maintaining two separate and parallel RB mapping options, the transport channel and RLC layer autonomous reconfiguration issues are circumvented. This reduces the complexity of this sub-feature as well as minimizes development and testing effort. At this point, it is worth pointing out that the RLC sequence number (SN) space and security counters etc. would have to be shared across the two mapping options for the scheme to work; however, this is quite straightforward both from specification as well as implementation standpoint.
3 Conclusion
In this contribution, we have discussed a dynamic scheme to enable the sub-feature of fallback to R99 PRACH and have proposed the following:-

Proposal: A scheme to enable the sub-feature of fallback to Rel-99 PRACH should be based on a dynamic indication from the Node-B.

· The scheme relies on maintaining two radio bearer mappings at the UE:-

· RB mapping 1: Flexible RLC → E-DCH → E-DPDCH

· RB mapping 2: Fixed RLC → RACH → PRACH
Further, the UE performs fallback to R99 RACH when indicated by the network only if the conditions are “favourable for fallback”. Conditions are defined to be not “favourable for fallback” if and only if:-

a. The UE has some pre-generated flexible size RLC PDU’s which are waiting to be transmitted; or 

b. A retransmission of a flexible RLC PDU is required.
As discussed in section 2, the overall the likelihood of conditions being not “favorable to fallback” would be quite rare. Even if the conditions are not “favorable to fallback”, the resulting penalty with the presented mechanism is no worse than today.  

Further, the proposed scheme for dynamic fallback to R99 PRACH reduces the complexity of this sub-feature, minimizes development and testing effort and at the same time, circumvents the transport channel and RLC layer autonomous reconfiguration issues discussed previously in RAN2.
It is proposed to discuss the mechanism presented in this contribution as a possible way forward for the sub-feature for fallback to R99 PRACH.
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