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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.   Given the various schemes proposed by different companies in [2] and [3], it was agreed as a way forward to further discuss the merits and complexities of each scheme at RAN2#75.  
This document discusses and analyzes the various schemes for fall back to R99 RACH.  
2 Discussion
In RAN2#74 and #75 a number of different algorithms and schemes to decide when the UE should use R99 RACH over Common E-DCH were proposed.  The various schemes can be summarized as follows:
1. UE starts using R99 RACH when Common E-DCH access fails 
2. The UE autonomously choses to fall back to R99 RACH depending on  buffer content. 
3. The network controls the resource allocation and signals to the UE to fallback to R99 RACH, possibly depending on congestion/load on E-DCH resources. 
The schemes address different scenarios and have different merits with respect to resolving congestions issues and improving transmissions efficiencies. 

This contribution discusses the merits and technical complexities of each scheme in an effort to identify the best scheme as a way forward.

Fall Back when Common E-DCH Fails
Benefits

This scheme is beneficial in the scenario where the common E-DCH resources are congested due to a high number of UEs performing simultaneous access and common E-DCH access is failing due to lack or resources (e.g. blocking) or collisions.   

However, there are potentially other ways to achieve the same benefits by adding extra E-DCH resources and trading off RACH resources.  The network has full control of the E-DCH resources so it can manage usage to achieve a certain access probability.  
Drawbacks
The principal drawback of fall back to R99 RACH based on common E-DCH failure is that UEs would select R99 RACH regardless of the amount of data that needs to be transmitted in the UL.  For cases where the UE has significant amount of data to transmit in the UL,  it will require multiple successive UL accesses in order to transfer all of the data.   The additional overhead would lead to inefficient transmission while potentially increasing congestion of R99 RACH and/or common E-DCH resources in the UL.   
Additionally, another issue with fallback after an E-DCH attempt is the RLC configuration.  A UE configured with flexible RLC PDUs and attempting a common E-DCH access may have already created a RLC PDU of flexible size. R99 RACH does not have segmentation capabilities and can only transmit a limited set of TBS.  If the RLC PDU is larger than the allowed PRACH transport format then the data cannot be successfully transmitted.   
Fall Back Based on Buffer Status
Benefits:
The main benefit of this scheme is to increase transmission efficiency in the UL for small data transmissions.    This is due to the fact that after the preamble ramp-up phase, which is identincal for both R99 RACH and common E-DCH, the UE performs a single RACH transmission in one TTI and considers the procedure complete. 

For common E-DCH, the overhead related to the transmission is higher as the UE must first transmit DPCCH and then start a contention resolution phase.  The contention resolution phase may last as long as the duration of the collision resolution time in the case of failed contention resolution.  Even when contention resolution phase succeeds rapidly, the common E-DCH resource release still depends on the network configuration.  If implicit release is configured, then it might take the UE a few TTIs to send the SI = 0 report and release, depending on parameter configuration  .  Additionally, the UE must also wait for the HARQ processes to be emptied before releasing the resources.  
The increased transmission efficicency resulting from transmission of small data packets using R99 RACH may lead to battery savings at the UE and reduce the overall congestion of UL resources for CELL_FACH state UEs.  
Drawbacks:
One potential drawback of using R99 RACH for small data packets is that these will not benefit from the additional protection provided by the common E-DCH channel (i.e. contention resolution and HARQ).  Failed transmissions over R99 RACH will result in additional delays for UL transmission and could negatively impact higher layer procedures, such as TCP.  

Another potential challenge of the autonomous fall back to R99 RACH based on buffer status is that it may lead to inefficient transmission for cases where the buffer status changes in the UL during the R99 RACH access.  In other words, the UE may end up performing successive preamble ramp-up procedures because it has to transmit additional data following the R99 RACH transmission.   However, this event may not occur very often and if it does, the UE can move back to performing common E-DCH access.  
The RLC PDU configuration problem may also be a problem if the buffer size is larger than the maximum data that can be transmitted over PRACH.  However, if the buffer size threshold used to fall back to R99 is similar to the maximum RLC size then RLC PDUs of that size may be created and successfully transmitted over PRACH.
Network Based Control
Benefits:
One of the main benefits of this scheme is that the network is fully aware of the offered traffic load on the R99 RACH and common E-DCH channels in the UL and can therefore optimally determine how to balance traffic across the two channels.  
Moreover, network based fall back to R99 RACH could potentially reduce the overall access delay in the UL, at least compared to the autonomous fall back based on common E-DCH failure.  
Drawbacks:
One of the drawbacks for the netwok controlled solution is that the RAN is not aware of the amount of data that the UE needs to transmit in the UL when the UE initiates a common E-DCH access attempt.  For cases where the UE has significant amount of data to transmit in the UL,  a fall back to R99 RACH will result in successive attempts by the UE in order to transmit the data in its buffer.

Moreover, the network based solution introduces additional complexity in order to indicate to a UE to fall back to R99 RACH.  As one design option, the RAN could use existing AICH or E-AICHsignals to indicate to a UE which channel to use for UL transmission.  While a such solution may not be too complex as it reuses existing signals, it may introduce a number of backwards compatibility issues.  
Another important design issue that would need to be addressed is for the RAN to determine whether or not a particular UE supports fall back to R99 RACH  upon access of common E-DCH; the RAN must be aware of this capability in order to instruct the UE to use R99 RACH instead of common E-DCH.  
RLC configuration may also be a problem, similar to the problem described in section 2.1.

Additional Design Considerations for Fall Back to R99 RACH

In additional to the design aspects described above for each of the fall back schemes some higher layer impacts common to all schemes should be considered.
Transport channel mapping and configuration:
Existing transport channel mapping only allows mapping of logical channels to either R99 RACH or common E-DCH.  Some modifications to the transport channel mapping may be required in order to support fall back to R99 RACH.  Additionally, the MAC configuration provided to the UE corresponds to either the MAC-i/is or to the MAC-c.  The UE may be provided with two sets of configuration and depending on which transport channel it determines to use it can dynamically switch.  
Use of flexible RLC PDU configuration with R99 RACH 

As previously mentioned, R99 RACH cannot currently be used with flexible RLCs, as the transport block supported by R99 RACH are fixed and there is no segmentation possibilities at the MAC layer.   
However, one simple way to solve this problem is to only allow fall back to R99 RACH for logical channels configured with fixed RLC PDU size.  Another option is to only allow a R99 fallback to transmit data from logical channels that contain RLC PDUs of size equal to or smaller than the allowed one over the PRACH.  Another alternative would be  for the network to to reconfigure the UE between flexible and fixed; such a scheme however seems highly inefficient.  

Comparison Between the Schemes
As discussed in the analysis above, the different solutions proposed thus far for R99 fallback address two main issues: UL Congestion and UL transmission efficiency.  

The table below summarizes the ability of each solution to address these issues.    

Table 1: Objectives of various R99 RACH fall back schemes
	 
	Congestion
	Transmission efficiency

	Autonomous fall back upon Common E-DHC failure 
	Yes - reactively
	No

	Autonomous fall back for small data transmission
	Maybe - can proactively help prevent congesition
	Yes

	Network ordered R99 RACH fall back
	Yes - reactively and proactively depending on solution
	No


In addition to the problems that these solutions are trying to address, the drawbacks and complexity of each of these solutions should also be taken into account.  Table 2 summarizes the benefits, drawbacks and complexity discussed in the previous sections. 

Table 2: Comparison of proposed R99 RACH fallback schemes

	Scheme Description
	Benefits
	Drawbacks
	Complexity

	Autonomous fall back upon Common E-DHC failure 
	1.  Efficent use of R99 resources when commo n E-DCH resources are congested
	1.  Acts reactively only after congestion is detected
2.  Increase in UE Access delays (UE has to fail E-DCH) then perform ramp up again
3.  Not very efficient when buffer status in the UE is large - overhead and transmission efficiency increases (common E-DCH is still performed after the 1 TTI RACH transmission)
	Low  

	Autonomous fall back for small data transmission
	1.  Increases transmission efficiency, 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.  Inefficiencies if buffer status changes 
	Low

	Network ordered R99 RACH fall              back
	1.  Timely R99 fallback depending on congestion/load seen by the network can order the UE to fallback 
	1. The network is not aware of buffer status therefore transmission inefficiencies may be observed 
2. Additional complexity required for indication of R99 RACH fall back from the network to the UE.  
	Medium to High


Based on the analysis above, the autonomous R99 RACH fall back upon common E-DCH failre and network based control schemes have the same primary objective, which is to allievate congestion/cell load on UL common resources.  However, as previously discussed, while these schemes may allow a temporary shift of the load to R99 RACH, additional overhead and traffic loading may follow since they do not take into account buffer content.  
The second scheme, autonomous R99 RACH fall back based on buffer content, addresses transmission efficiency of small data packets while having the advantage of helping the network prevent congestion.  This allows the network to use the E-DCH resources for other UEs that have a higher buffer occupancy and therefore spread the load across both E-DCH and RACH resources.  

An ideal solution should attempt to both increase transmission efficiency (i.e. by possibly considering UE buffer content) and attempt to avoid or allieviate congestion on UL common resources.  Additional solutions that incorporate aspects of the solutions described above should also be considered in order to achieve these two objectives.  

As a next step, RAN2 should discuss the following aspects when attempting to design a solution for R99 RACH fall back:

· The relative importance of the two objectives stated so far, i.e. (1) increase transmission efficiency and (2) avoid or alleviate congestion on UL common resources

· Whether or not the network should maintain control of the fall back to R99 RACH or should the UE autonomously select a channel for UL transmission.  

Proposal 1: Discuss the relative importance of the two objectives stated so far, i.e. (1) increase transmission efficiency and (2) avoid or alleviate congestion on UL common resources
Proposal 2: Discuss whether or not the network should control the R99 RACH fallback or the UE should autonomously select a channel for UL transmission.
3 Conclusion

This contribution analyses the merits and drawbacks of the R99 RACH fallback schemes and proposes to:
Proposal 1: Discuss the relative importance of the two objectives stated so far, i.e. (1) increase transmission efficiency and (2) avoid or alleviate congestion on UL common resources

Proposal 2: Discuss whether or not the network should control the R99 RACH fallback or the UE should autonomously select a channel for UL transmission.
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