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1 Introduction
In RAN2#74 it was agreed to introduce a R99 RACH fallback scheme as part of the “Further Enhancements to CELL_FACH” work item.   In RAN2#75 bis a number of alternative schemes to chose from were discussed:
1) UE starts using R99 RACH when Common E-DCH access fails. 

2) The UE autonomously chooses to fall back to R99 RACH depending on buffer content. 

3) The network dynamically controls the resource allocation and signals to the UE to fallback to R99 RACH, possibly depending on congestion/load on E-DCH resources. 

4) Network preconfigures (FFS on the SIBs or something else) some selection criteria [more static than 3)]

In addition a number of open questions remain:

1. How do decide whether to fallback to R99
2. Possibility for the network to disable the features

3. How to reconfigure between common E-DCH and R99 RACH

In this contribution we analyze the different schemes and discuss some of the complexities associated with the R99 RACH fallback

2 Discussion on schemes for R99 RACH fallback
In [2] the merits and drawbacks of three different schemes, mainly fallback when common E-DH fails, R99 fallback according to buffer status and dynamic network controlled mechanisms were discussed.  Amogst those schemes two additional mechanisms should be considered in the analysis, mainly channel based and UE-ID based mechanisms.    Table 1 captures the attributes of these different schemes.
Table 1: Comparison of proposed R99 RACH fallback schemes

	Scheme Description
	Benefits
	Drawbacks
	Identified complexities

	Autonomous fall back upon Common E-DHC failure 
	1.  Efficent use of R99 resources when common E-DCH resources are congested
	1.  Acts reactively only after congestion is detected, not before
2.  Increase in UE Access delays (UE has to fail E-DCH) then perform ramp up again.  Details on what a failure is need to be defined.
3.  Not very efficient when buffer status in the UE is large - overhead and transmission inefficiency increases (common E-DCH is still performed after the 1 TTI RACH transmission)
4.  UE doesn’t know the reason for failure, failure could have been caused due blocked selected resources rather than a congestion of all resources.  
	1.  Re-configuration in the UE from common E-DCH to R99 RACH (e.g. transport channel) 
2.  Complexity in the UE associated to the trigger to fallback  - low

3.  Complexity in the network – low (the network may just receive a R99 preamble access request).

	Autonomous fall back for small data transmission
	1.  Increases transmission efficiency, reduce control channel overhead and duration of connection (higher power saving opportunities)
2.  May help to prevent the congestion in the network 
	1. UE may end up using R99 even if there is no congestion 
2. No protection from collision, as there is no collision resolution in R99
3.  Congestion in R99 RACH resources may occur or may already exist if many UEs have similar traffic patterns and small data transmission and many legacy UEs are using R99 RACH.
	1.  Re-configuration in the UE from common E-DCH to R99 RACH – low 
2.  UE complexity in the UE associated to the trigger - low

3.  Complexity in the network – low (the network may just receive a R99 preamble access request).

	Dynamic Network ordered R99 RACH fall              back
	1.  Timely R99 fallback depending on congestion/load.  The network has the best knowledge. 
	1. The network is not aware of buffer status therefore transmission inefficiencies may be observed if the UE has a certain amount of data.  Same disadvantage as the first scheme.    
2. Network may need additional information to make a good decision of when to perform a fallback.

3. Additional complexity required for indication of R99 RACH fall back from the network to the UE.  
	1.  Reconfiguration in the UE from common E-DCH 
2.  Complexity in the UE associate to trigger – low (it would be a network ordered trigger)

3.  Complexity in the network to redirect UE – medium 

	Static network controlled, logical channel based (e.g. only CCCH transmissions)
	1.  simple solution and since data transmission on CCCH are small it is similar to buffer size scheme, but only for CCCH 
	1.  Solution is only limited to CCCH traffic.  Congestion and small data transmissions may still be a problem for DTCH/DCCH.   It has not been proven that only CCCH traffic cause the inefficiencies and problems we are trying to address

2.  Static in nature, UE may not need to fallback to R99 RACH

3.  Congestion may occur or be shifted to R99 RACH. No way to control the situation if many UEs perform CCCH transmissions.  
	1.  Complexity in the UE - low.  
2.  Complexity in the network - low

	Static network controlled, UE-ID based 
	1.  Simple solution – UE with a certain UE-ID use R99 RACH and other common E-DCH
	1.  Very static and a bit random in nature.  It doesn’t seem to address or target any specific UEs or any specific data model

2.  UEs with a lot of data with a certain UE-ID may be stuck using the R99 RACH wich is highly inefficient

3.  Certain UE-IDs may be part of the group where congestion is occurring and there is no way to relieve it.
	1. Complexity in the UE – low

2.  complexity in the network - low


Despite the fact that all schemes allow the UE to fallback to R99 RACH, the commonalities with respect to the objective they achieve and their shortcoming vary substantially.  Therefore, in order to progress the work this contribution attempts to analyze and to discuss the ideal objective that this features should aim at achieving, by determining the aspects that would provide some system benefits at an acceptable complexity level for both the UE and the network.

One of the main disadvantages identified in the table above for a number of schemes occurs in situations where a large amount of data is present in the UEs that are either configured, autonomously decide or are re-directed to start using R99 PRACH.   This problem occurs if the amount of UL data in the UE is larger than the amount of data that can be transmitted in one TTI over PRACH.  In this scenarios, it is not seen beneficial that the UE falls back to R99 RACH to perform UL transmissions.  The UE would use the PRACH to transmit data, however the availability of additional data would trigger the UE to initiate another UL access procedure over the Common E-DCH.   This is highly inefficient as the UE will end up performing several RACH procedures to successfully transmit the data.   Additionally, the congestion issue may still persist in the network and this UE which was sent to R99 RACH to relieve the issue is actually returning and faced with same problem.  Additionally, the network has just postponed the problem by sending the UE to R99 RACH as the UE is again attempting access to its loaded resources.  The network would see more benefit if this UE continues to use the common E-DCH and another UE with a limited buffer status uses the R99 RACH.
Additionally, as discussed in [1], [2], transmitting a small amount of data over the PRACH rather the common E-DCH may be more efficient. The overhead associated with the connection and maintainance of a common E-DCH resource may be avoided if data is transmitted in one TTI over the RACH.   

Therefore, regardless of the solution (e.g. UE initiated or network controlled), as a first requirement it would seem beneficial to restrict fallback to R99 RACH only for UEs that have a limited amount of data in their buffer.
Observation 1: R99 RACH fallback should ideally be performed only by UEs that have a limited amount of data in their buffer when UL access is initiated

Another aspect of discussion is congestion and load control in the network.  Even though the UE has a small amount of data available, the common E-DCH may not be congested and it may be beneficial for the UE to use the common E-DCH, if for example the R99 RACH may be experiencing congestion due to legacy UEs.   Additionaly, if many UEs with small data  are performing access at the same time, the R99 RACH resource pool may start getting congested and the network may want to offload some of these UEs back to common E-DCH.   

This is particularly true for UE autonomous schemes or for semi-static network configuration schemes  (e.g. all CCCH transmissions).  
Since the network is the entity that has the best knowledge on the load and use of its UL resources it would be ideal that the network makes a final decision and has the ability to control the resources that the UEs are using at a specific time.  Therefore, if R99 RACH resources are congested a R99 RACH fallback capable UE can be re-directed to common E-DCH or vice versa.  
Observation 2: An ideal solution would allow the network to have dynamic control on the selected and used UL transport and physical channel used. 


Therefore, as seen in observation 2 and 3 an ideal solution should attempt to both increase transmission efficiency and system efficiency (i.e. by possibly restricting R99 RACH fallback according to UE buffer content) and attempt to properly and dynamically control usage of UL resources to alleviate congestion and distribute load (e.g. dynamic network controlled).  
Proposal 1: Agree that RAN2 should focus on a solution that increases transmission and system efficiency(i.e. by possibly restricting R99 RACH fallback according to UE buffer content)  and attempts to properly and dynamically controls the usage of R99 RACH and common E-DCH.

 If proposal 1 is agreed then based on this criteria the following schemes do not help meet any of the two objectives:

· Fallback when common E-DCH failure occurs – the buffer content is not taken into account and the network doesn’t have a way to control when the UE performs this action

· Semi-static configuration based on logical channel – network cannot change which resource the UE performs access on.  While for CCCH it meets the buffer content requirement, it doesn’t for other types of traffic that may also be problematic and cause congestion on the common E-DHC resources
· Semi-static configuration based on UE-ID – no network control and no control over buffer content in the UE. 
According to this analysis, we think that we should first prioritize the buffer content and dynamic network control mechanisms.  In order to meet both of the objectives a scheme that uses both of these criteria may be further considered and analysed.

Proposal 2:  Prioritize and consider the use of the following two schemes, UE decision based on buffer content and dynamic network control of resources.  
Proposal 3:  A scheme that uses both of those solutions should be further considered in order to obtain the two objective discussed above. 

3 Discussion on the reconfiguration issue

As discussed above all solutions except the semi-static solutions will require the UE to perform a layer 2 reconfiguration.   More specifically, there are two aspects to address on the re-configuration issues, the transport channel configuration and the RLC configuration. 

A re-configuration to a R99 RACH would be problematic if the created  RLC PDU size is bigger than the allowed size over PRACH.   This is mainly due to the fact that the MAC-c used for R99 RACH doesn’t have segmentation capabilities.    A UE configured with flexible RLC PDUs may either pre-generate RLC PDU for transmission in a later TTI according to the serving grant value or may generate a RLC PDU for transmission in the current TTI according to the E-TFC selection procedure.   For the latter this means that the RLC PDU in the UE will only be created once an E-DCH resource is allocated and E-TFC selection is performed for the TTI in which first E-DPDCH transmission will take place.  For the former, UE implementation the UE may either wait to get the E-DCH resource to pre-gernate the RLC PDUs, which can be done during the DPCCH only transmission phase or it may create the RLC PDUs before the allocation of the E-DCH resource, in which case the RLC PDU size will be bounded by the default serving grant value for Common E-DCH.  

Therefore, a fully radio aware UE and UE that starts pre-generating RLC PDUs after getting an E-DCH resource would not have RLC PDUs already created in the buffer during the preamble phase.   For the case where a UE implementation starts pre-generating RLC PDUs before an E-DCH resource is allocated, the only problem would occur if the default E-DCH grant is actually bigger than the R99 RACH allowed size.  One way to avoid this problem is to ensure that the initial serving grant is sent such that the number of bits the UE can transmit according to the grant are equal to or smaller than the RACH PDU size.  Another way to avoid the problem is to restrict the UEs to start pre-generation once the resource is allocated.  Once the resource is allocated or confirmed by the network the UE has at least 1 TTI (e.g. when using 10ms TTI) or 2 TTIs (e.g. when using 2ms TTI) before any E-DPDCH transmissions are initiated.  During this time the UE is only performing DPCCH transmissions and therefore may have enough time to start pre-generating RLC PDUs without imposing any processing restrictions.    

Another problematic scenario occurs if MAC-i/is are created and present in the HARQ processes at the time that a RACH fallback decision is made.   However, this situation should not occur in any implementation unless an E-DCH resource is allocated to the UE due to the following reasons:

1. According to E-TFC selection and restriction procedures a MAC-i/is PDU is only created once the UE has a common E-DCH resource and the available remaining power can be properly calculated.  Clear requirements are specified in 25.133 regarding how and when E-TFC restriction is performed. More specifically, E-TFC restriction which is an important input to E-TFC selection procedure is done once the preamble phase and a target DPCCH power can be used as a reference, which implies that an E-DHC resource has been allocated to the UE and transmission has began.  

2. If a common E-DCH resource had been indeed allocated to the UE, then when doing any other actions the UE would release the common E-DCH resource, which consists of emptying the HARQ processes, MAC segmentation buffers.  

Therefore, according to the analysis above, it can be concluded that a reconfiguration issue would only occur if the UE falls back to R99 RACH after an E-DCH resource has been provided to the UE (e.g. during contention resolution phase).  In order to avoid this problem a first requirement may be established where R99 RACH fallback can be done only at the RACH preamble phase (e.g. before data on the MAC-i/is or MAC-c is created and before a resource has been allocated to the UE).

Proposal 4: The decision to perform a R99 RACH fallback should be performed either before the initiation of the preamble signature transmission phase or during the preamble transmission phase before an ACK or a resource is allocated to the UE.  

4 Conclusion

In this contribution a number of schemes were analyzed and the following observations were made:
Observation 1: R99 RACH fallback should ideally be performed only by UEs that have a limited amount of data in their buffer when UL access is initiated

Observation 2: An ideal solution would allow the network to have dynamic control on the selected and used UL transport and physical channel used. 

Based on this observations and analysis the following proposals are proposed in order to progress the work:
Proposal 1: Agree that RAN2 should focus on a solution that increases transmission and system efficiency(i.e. by possibly restricting R99 RACH fallback according to UE buffer content)  and attempts to properly and dynamically controls the usage of R99 RACH and common E-DCH.

Proposal 2:  Prioritize and consider the use of the following two schemes, UE decision based on buffer content and dynamic network control of resources.  
Proposal 3:  A scheme that uses both of those solutions should be further considered in order to obtain the two objective discussed above. 

Proposal 4: The decision to perform a R99 RACH fallback should be performed either before the initiation of the preamble signature transmission phase or during the preamble transmission phase before an ACK or a resource is allocated to the UE.  
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