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1          Introduction

The main benefit of PRACH fallback is to provide the network an additional dimension to handle congestion in CELL_FACH.  In the previous meeting, the PRACH fallback schemes discussed can be categorised as follows:
1. UE Autonomous scheme 

· UE uses PRACH when it failed to gain access using common E-DCH [1]

2. Static Network Control scheme.  The network signals some criteria to be used for the UE to select either RACH or E-DCH for its access.  These criteria can be changed in the network at the RRC layer.  The criteria includes:
· Buffer Size: UE fallback based on a network configured buffer size threshold.  The threshold can be broadcasted [2]

· Channel Type: UE fallback based on a network configured logical channel type (e.g. CCCH/DCCH) [3]
· UE ID: UE decides to use RACH or E-DCH based on its ID [4].  The UE ID (e.g. H-RNTI) is allocated based on UE application
3. Dynamic Network Control scheme

· The NB dynamically assign the transport channel (RACH or E-DCH) for every UE access [5]

These PRACH fallback schemes had been discussed extensively in previous meetings.  This contribution attempts to offer additional points for each category scheme.
2         Discussion
The following are some observations made in using the RACH channel for fallback [5], [6], [9]:

· The RACH channel has poorer (( 6 dB) link efficiency than that of the E-DCH channel [7].  It should be noted that channel with poor link efficiency consumes more resources e.g. power and/or time due to retransmission than one with higher efficiency.  Hence a UE using RACH will generate (6 dB) more interference and may require longer time compared to a UE using E-DCH further impacting an already congested cell.
· The gains of PRACH fallback is highly dependent upon the loading (i.e. E-DCH and RACH resources) of the cell [6].  For example if RACH is congested, fallback into PRACH will make the congestion worse.
· UE previously transmitting using E-DCH may have residual RLC PDU formatted for MAC-i/is and a RACH fallback may require re-generation of RLC PDU

Based on these observations, the following can be concluded:
· UE should use the most link efficient channel whenever possible (i.e. E-DCH)
· The network should schedule the resources, i.e. treats RACH and E-DCH as one resource pool.  Note that in the current system the NB schedules common E-DCH resources independently from RACH resources.

· UE requires time to re-generate residual RLC PDU that was previously formatted for MAC-i/is

2.1
UE Autonomous Scheme

For the UE Autonomous scheme, the UE will try E-DCH resource first which is the most link efficient channel in CELL_FACH.  However, it does not allow the network to schedule the RACH resource since it autonomously fallbacks to PRACH.  The UE is not aware of the loading at the NB and hence, if it does not know whether an E-DCH might be available when it fallbacks to PRACH or RACH may be congested.  Hence, this scheme is not desirable.

Since the UE autonomously fallback to RACH, it can decide not to fallback to RACH if it has residual packets from previous E-DCH transmission.

2.2
Static Network Control Scheme

In the Static Network Control scheme, the least link efficient resource (i.e. RACH) is used based on some criteria regardless of the loading at the NB.  Since the criteria are at the RRC level (e.g. broadcast or RRC signalling), it is slow to react to changes to loading at the NB.  Some of the schemes under this category do not take into account residual packets from previous E-DCH transmission.  Apart from these drawbacks, the following points can be made on each specific scheme.
For the buffer size criteria, it is noted in [8] that packet can arrive whilst the UE is transmitting using RACH and leads to uncertainty in UE behaviour.  Furthermore residual RLC PDU previously formatted for MAC-i/is may be present when the UE’s buffer size meets the criterion for RACH transmission.
In the logical channel criteria, the UE uses RACH for CCCH and DCCH transmissions.  The following points can be made:

· When there is no RACH resource but plenty of E-DCH resource available, a UE accessing the network would be unnecessarily blocked.

· When RACH and E-DCH resources are available, the UE uses the least efficient (i.e. RACH) to access the network

· Some DCCH messages that are currently carried by E-DCH in CELL_FACH, e.g. the RRC Connection Setup Complete, may be too big to be carried by a single PRACH channel.  Furthermore, some CCCH message, e.g. the RRC Connection Request, may not fit into a single RACH when RACH measurement reports are included in the message.  

· If RACH is used only for CCCH, it is noted that CCCH transmission is too infrequent [9] for congestion control since the UE will use common E-DCH most of the time (i.e. for data transmission).  
· Since CCCH/DCCH is always sent using RACH, a UE that has data to send right after sending CCCH/DCCH needs to request for a common E-DCH rather than requesting for a common E-DCH to send CCCH/DCCH and user data.  
The UE ID criteria require that the network changes the UE H-RNTI whenever the UE changes application.  In CELL_FACH, the UE application may change after the initial access e.g. from chat to uploading an email.  As noted earlier, changes at RRC layer is slow to adapt to cell loading at the NB.  Since the UE uplink application is known only after the UE has sent the packet, the UE may used the unsuitable channel type (e.g. using RACH to upload an email) and by the time the network change the UE ID, the application at the UE may have changed.  Since changes to UE ID requires RRC configuration, there is no issue with residual packets from previous E-DCH transmission.
In general static network control scheme uses the least efficient channel and either disregard loading at the NB or slows to react to changes in cell loading.  This does not meet the aim of the sub-feature.
2.3
Dynamic Network Control Scheme

Since in Dynamic Network Control scheme the NB decides on RACH fallback, the NB scheduler can ensure that the most link efficient channel is used whenever possible for all UE transmission.  Also, efficient congestion relief is possible given that the NB is aware of the cell loading.  However, the following points can be made:

· Need for NB to indicate to the UE to fallback to RACH

· NB is unaware of the presence of residual RLC PDU that is formatted for MAC-i/is at the UE
In [10], the AICH/EAI is suggested to be used to indicate for RACH fallback.  Here the AICH/EAI rule is extended such that the combination AICH=+1 and s’=0 with EAI set to +1 indicates a RACH fallback.  This extended rule is shown highlighted in yellow in Figure 1.  Since no changes to the physical format of AICH/EAI, this scheme is simple to implement.
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Figure 1: Extended AICH/EAI rules to indicate RACH fallback
The following methods can be used to address the UE buffer status (i.e. presence of residual packets from previous E-DCH transmission) aspect:
· Similar to 2/10 ms TTI concurrent deployment sub-feature for CELL_FACH, the UE can indicate that it ready to transmit via RACH, i.e., it has no residual MAC-i/is formatted RLC PDU [5].  The network makes the final decision whether to fallback to RACH.  This requires some preamble signatures to be reserved for such indications.  Since the network makes the final decision, it can force the UE to use RACH even in case where RACH is not suitable.  For the case where the UE has residual packets from previous E-DCH transmission, there may not be sufficient time for the UE to flush the residual packets and reformat the RLC PDUs.  The process can be changed such that the NB will never force a UE to fallback if it is not ready to fallback.
· When NB indicates a RACH fallback, the NB gives the UE a time limit in which the UE can transmit the RACH.  This time should allow the UE to flush and regenerate any residual packets.  When the time expires, and the UE has not transmit, the RACH resource is removed.  This also allows the UE to forgo the RACH resource (i.e. wait till time limit expires) where it shall backoff and retry to access the network for a common E-DCH resource.  Note that an unused RACH resource does not cause interference and the timer can be set such that it does not reserve the RACH resource for too long.
Table 1: Summary of RACH fallback schemes

	Schemes
	Requirements

	
	Whenever possible use the most link efficient channel
	Adapt to cell loading
	Residual packet handling

	UE autonomous
	No (only first attempt)
	No
	UE’s decision

	Buffer size criterion
	No
	No
	None

	Channel type criterion
	No
	No
	Not required

	UE ID criterion
	No
	No
	Not required

	Dynamic network control
	Yes
	Yes
	UE indicates RACH preference or allow limited time for RACH transmission


Table 1 is a summary of the requirements for RACH fallback against the RACH fallback schemes discussed.  It can be seen that only the Dynamic Network Control scheme meets all the requirements.  The complexity of this scheme is low since the existing AICH/EAI channel can be reused to provide indication of a RACH fallback and the residual E-DCH packet can be handled in a similar way to that in 2/10 ms TTI concurrent deployment feature or by allowing additional time for the UE to fallback to RACH.  Therefore the following are proposed:

Proposal 1: RACH fallback shall be dynamically controlled by the network.  The NB allocates either RACH or common E-DCH for every UE access.
Proposal 2: Extend the AICH/EAI rule to enable the NB to indicate for RACH fallback to the UE.

Proposal 3: Either allows the UE to indicate that it can use RACH at the preamble stage or set a limited time for a UE to send a RACH message.
3         Multiple RB Mapping

In most of the schemes discussed, the UE is allowed to switch between RACH and common E-DCH transmissions.  RACH and E-DCH have different type of RB mapping, for example E-DCH uses MAC-i/is whilst RACH does not need MAC-i/is.  At the network, multiple RB mapping (RACH and E-DCH) may be required for UE that is capable of RACH fallback.  Although this can be transparent to the UE, there may be some RAN3 impact.
4
Conclusion
In this contribution it is observed that the RACH fallback sub-feature should ensure the following:

· UE should use the most link efficient channel whenever possible (i.e. E-DCH)

· The network should schedule the resources, i.e. treats RACH and E-DCH as one resource pool.  Note that in the current system the NB schedules common E-DCH resources independently from RACH resources.

· UE requires time to re-generate residual RLC PDU that was previously formatted for MAC-i/is

Based on these points, the various RACH fallback schemes are evaluated and the following are therefore proposed.

Proposal 1: RACH fallback shall be dynamically controlled by the network.  The NB allocates either RACH or common E-DCH for every UE access.

Proposal 2: Extend the AICH/EAI rule to enable the NB to indicate for RACH fallback to the UE.

Proposal 3: Either allows the UE to indicate that it can use RACH at the preamble stage or set a limited time for a UE to send a RACH message.
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