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1 Introduction

RAN#51 approved the work item “Further Enhancements to CELL_FACH” [1]. This work item focuses on four main areas for the downlink and uplink: resource utilization, throughput, latency and coverage. In addition, UE battery life improvements and signalling reduction are within the scope of this work item.
In RAN2#75bis, advantages and dis-advantages of various fallback mechanisms were discussed. In this contribution we discuss few mechanisms that can help reduce the common E-DCH resource congestion and increase control plane latency in heavily loaded networks.
2 Discussion
Based on the discussion in RAN1/RAN2 so far, our understanding is that the “Fallback to R99 RACH” feature is more beneficial to alleviate the common E-DCH resource congestion in the network. With this perspective in mind, we present few design considerations to meet the objective of reducing the common E-DCH resource congestion.
2.1 UL CCCH/DCCH transmission in R99 RACH
The uplink RRC messages that are sent in logical channel CCCH are in general small. The size of these messages was kept small in the standard to fit in one RACH transport block and to allow their complete transmission on the RACH message part. Also most of the uplink RRC message that are sent in logical channel DCCH like UDT, security mode command complete/failure, Reconfiguration complete/failure are small enough to fit into one RACH transport block.

The benefit of using common E-DCH to transmit uplink CCCH/DCCH messages is small compared to the benefits attained when the common E-DCH is used for user plane transmission due to the HARQ delay and resource utilization factors. Since a high increase in the HSPA mobile broadband penetration is predicted for future, we can expect a huge load on the HSPA networks. There will be more and more UEs in the network capable of using E-DCH in the common state and consequently there will be a steep increase in common E-DCH resources load.
We think that the load on the common E-DCH resources can be managed by splitting the user plane and control plane between the PRACH and common E-DCH resources. This will create free common E-DCH resources that can be used by legacy UEs and the Rel-11 UEs for the user plane. Since legacy UEs always access the network using common E-DCH resources, this will create high interference in the cells during high load condition due to continuous power ramping. This solution helps to reduce the total interference level in the cell.
The most simplest approach is to allow the REL-11 UEs to use RACH transport channel for transmitting UL CCCH/DCCH messages and common E-DCH for DTCH transmission. We think that this approach will give a better control plane latency in heavily loaded networks and provide a mean to reduce the common E-DCH resource congestion . This mechanism can be activated and de-activated by the network based on the E-DCH resource load condition.
Proposal 1: Network can allow the REL-11 UE to transmit UL CCCH/DCCH messages on RACH 
2.2 Network controlled Fallback to R99 RACH
In this section, we discuss the “Network controlled fallback” mechanism and highlight the issues that needs to be discussed. If the network has not configured any restriction as outlined in the section 2.1, all the “Enhanced uplink in CELL_FACH” capable UEs will request for common E-DCH resources from the network for CCCH/DCCH/DTCH transmission. The network can identify a REL-11 UE based on the signature/PRACH scrambling code used by the UE for ramping and during high load on the common E-DCH resources, the network can signal fallback to R99 RACH. 
There are three important issues that needs to be discussed and addressed for network controlled fallback mechanism to work:
2.2.1 RLC Buffer payload
The network is not aware of the UE’s RLC buffer occupancy level when it redirects the UE to R99 RACH during a common E-DCH access attempt. For instance, reporting threshold configured for uplink transport channel type RACH and E-DCH are different in SIB12. When re-directed to RACH, there is a high probability that the reporting threshold configured for RACH will be met. There are two possible UE behaviors can be defined in this case:
1. If the RLC buffer payload exceeds the reporting threshold configured for RACH, then the UE continues to use the common E-DCH.

2. If the RLC buffer payload exceeds the reporting threshold configured for RACH, then the UE sends the RRC Traffic volume measurement report to switch up to CELL_DCH.
With option 1, the UEs will continue to use the common E-DCH resource which will result in more load and more interference to other users in the cell. With option 2, there is a possibility to switch UEs to CELL_DCH so that the number of users in CELL_FACH state can be reduced and consequently the load on the common E-DCH resource and the interference.

2.2.2 How to Signal fallback to UE
The network controlled fallback requires the mechanism to signal a REL-11 UE to fallback to R99 RACH. There are multiple methods available to signal the fallback to the UE:

1. 
NodeB on detecting the random access preamble and if no common E-DCH resources are available due to 
the Network experiencing high load and/or if the condition to trigger a fallback is met, it transmits the 
grant using AICH/E-AICH as follows:

a.
AI value = -1

b.
E-AI value = a reserved index to indicate to UE to fallback to R99 PRACH.
2.
using a simple common E-DCH access reject counter based fallback. The counter can be signalled in the 
system information broadcast and used in the initial random access procedure.
3.
using the existing REL-8 backoff mechanism to fallback.
We have a slight preference to option1 on using a reserved index. But this solution might have backward compatible issue ,if a cell is configured only for 2ms TTI. The network is likely not to know if the UE is Rel-8 or Rel-11 if we use signatures to differentiate the release. This backward compatibility issue can be solved by using separate PRACH scrambling codes for REL-8 and REL-11UEs as proposed in [5]. Any other solution chosen should be simple and should not cause any back compatibility issues.
2.2.3 Layer 2(MAC/RLC) Impact
When EUL in CELL_FACH is configured, the UE uses MAC-i/is, flexible RLC for user plane and fixed RLC for control plane. When the UE is signaled to fallback to R99 RACH during the common E-DCH access attempt, the MAC layer and the RLC layer needs to be reconfigured in the UE i.e. MAC-i/is needs to be replaced by MAC-c and the user plane should use fixed RLC.  
When fallback is indicated by the Network, there will be fixed and flexible RLC PDUs and MAC-i/is segments in the UE’s buffer. For control plane, since fixed size RLC is used there is no major impact. The UE need not to re-construct the fixed RLC pdus and MAC-c/MAC-d pdus(possibly extracted from MAC-i/is pdus). But for user plane, its difficult to re-assemble the MAC-i/is segments to MAC-d pdus, so the UE needs to flush the MAC-i/is entity to reduce the complexity of the feature. The flexible RLC PDUs should be re-encoded to fixed RLC PDUs and this can be achieved by taking the complete RLC SDU in the re-transmission buffer and encode it to fixed RLC PDUs. 

During fallback there is transport channel switching, MAC-i/is reset and complete re-encoding of the RLC SDUs happens in the UE. We think these events in the UE will certainly have impacts on the delay to fallback and use RACH for transmission. Since different UE vendors may have a different understanding of this delay component, we would like to discuss and agree on an acceptable delay requirement for the UE.
Also the user plane needs fixed and flexible RLC configuration, so the network needs to provide both the fixed and flexible RLC configuration. This will have a impact on RRC signalling.  
The question arises when the UE should start again on common E-DCH after being re-directed to R99 RACH by the network. Provided the complexity highlighted as above, there must be a careful discussion and decision on this aspect to reduce the UE and network implementation complexity. 
When the network indicates a fallback, the below basic principle can be applied in UE:
1. MAC informs RLC to stopping sending PDUs to MAC.

2. All the queued up RLC PDUs in the MAC-i/is layer must be transmitted via RACH using MAC-c.

3. MAC informs RLC to resume sending the PDUs to MAC.

4. UE resumes using common E-DCH.
In general, the fallback impacts to control plane is less complex than user plane with respect to Layer2 reconfiguration.
Proposal 2: RAN2 is kindly requested to discuss the Network controlled fallback issues and agree on basic design principles.

3 Conclusion and proposal
The volumes of traffic that are expected for a near future in the network will make necessary the introduction of mechanisms in CELL_FACH to deal with the possibilities of E-DCH resource blocking and the need of prioritize transmissions (signaling, emergency calls, etc). By allowing the transmission of signalling in RACH, the network could make sure that the coverage and reachability of the network is guaranteed even in the event of resource congestion. In order to address this issues, we kindly request the workgroup to consider the proposals:
Proposal 1: Network can allow the REL-11 UE to transmit UL CCCH/DCCH messages on PRACH 

Proposal 2: RAN2 is kindly requested to discuss the Network controlled fallback issues and agree on basic design principles.
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