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Uplink Multiplexing of Multiple TBFs – Proposed Solutions

1. Introduction

This paper is intended to propose some solutions to the open issues highlighted by AT&T Wireless Systems and Nokia [1] regarding the multiplexing of multiple uplink TBFs from one MS.  It summarises the identified issues and suggests some solutions.  

2. Open Issues

As identified in [1], a basic decision on uplink scheduling of multiple TBFs from one MS was made in the TSG GERAN#7 meeting in Cancun.  This being that there should be no MS based scheduling policy but that the network would provide one USF or 1 bitmap for each uplink TBF. 

Due to this decision, there are some open issues remaining with multiple uplink TBFs.  

AWS and Nokia highlight 3 areas where open issues remain. These are:

1. For dedicated ‘PDTCH’ type channels, how can the MS notify the network when there is uplink data to send (via the novel stealing method, a Packet Resource Request or simple polling). 

2. For dedicated ‘PDTCH’ type channels, how should TBFs carrying signalling (SRBs) be multiplexed with TBFs carrying user data (URBs) (via the same scheme as for user data or via some stealing mechanism)

3. Whether to allow an MS to send data from a second TBF if the MS has no data to send from a first TBF that was originally scheduled by the network.  

3. Analysis and Proposals

This section analyses the open issues and proposes some solutions.  

3.1. New data to send on DBPSCH 

As described in [1], the uplink multiplexing problem only applies for a PDTCH-type channel on a DBPSCH as the TCH-type channel only carries a single TBF.  In this case the same basic uplink scheduling mechanism (one USF or one bitmap per TBF) applies as for SBPSCHs.  The problem is to define a method for an extended uplink TBF, that was previously inactive but now has data to send, to signal this change of state to the network.  

There are three basic mechanisms identified in [1]; Stealing a scheduling opportunity from another active TBF, polling by the network or via a Packet Resource Request.  

The network based polling method is both inefficient and prone to delays.  It is inefficient as it can lead to many wasted uplink send opportunities (especially when several extended uplink TBFs are inactive).  It is prone to delay, as the MS has to wait until the network polls it.  If the polling frequency is increased, delays can be reduced but at the expense of wasted bandwidth.  

The Packet Resource Request (PRR) mechanism is potentially faster than the polling mechanism as the MS may take the next uplink block to use for a PACCH message.  However, it is inefficient as it wastes an uplink block with a PACCH message and needlessly increases the load on the PACCH.  

The stealing option is thus the best mechanism.  It is fast as it can steal the next available uplink block (provided it isn’t reserved for PACCH) from any TBF mapped onto the same BPSCH.  It is efficient as it enables data to be sent in the uplink block as well as the implicit signalling message.  

· The stealing mechanism should be used to enable inactive TBFs to indicate that they have more data to send.  

However, there are still some open issues associated with this approach that are addressed in the following sub-sections.  

3.1.1. Limitation on Stealing Opportunities

The first of these is that stealing of uplink radio blocks could upset QoS guarantees if it happens too often.  This point was made in [3] where it was suggested that a simple limit should be applied on how often an uplink radio block can be stolen from a particular RB (say one in five).  

It is proposed that the 1 in 5 rule is applied to any URB that needs to steal from any other RB.  However, in the case of SRB1-3 the requirement to send a signalling message with minimum delay is very important.  It is therefore suggested that SRB1-3 are allowed to steal any uplink block for the purpose of signalling to the network that they have new data to send.  This should not affect the QoS of other RBs to a significant extent as it will only happen occasionally and will only be one block each time.  SRB4 handles non-time critical messages and should be treated the same as URBs.  

· A URB and SRB4 should not be able to steal more than 1 in 5 consecutive uplink radio blocks from a given RB.  

· SRB1-3 should be allowed to steal a single uplink radio block from any RB at any time for the purposes of signalling to the network.  

3.1.2. Re-transmission Mechanisms

The use of the timer T3168 and the existing procedures which are currently used when sending a PRR message seems to be a sensible suggestion for application to the case where stealing is used.  

The only point to make is that the network must always schedule some uplink send opportunities for existing TBFs even if they are all in the inactive state so that a re-transmitted data block used for signalling to the network can be sent.  

· The T3168 timer should be used for re-transmission of uplink data blocks that were used to signal to the network.  However, the network should always ensure that there are uplink send opportunities available for the re-transmitted data block to steal.  

3.2. Scheduling Signalling on DBPSCH

The issue of how to multiplex TBFs carrying SRBs with TBFs carrying URBs allows for two possibilities.  The first is to allow some form of pre-emption where a SRB simply takes over the uplink send opportunities of say a TBF carrying a URB.  The second option is to use the same stealing mechanism as for URBs.  

Use of the same stealing method as for URBs seems to be the best option as it allows the network to make better QoS decisions.  After the initial stealing of one radio block from another TBF the network can assign resources appropriate to the RB in question whilst maintaining the QoS of the original RB whose uplink block was stolen.  

Note that the network must assume an open-ended TBF in this case as there is no PRR message to initiate a TBF and thus no possibility to indicate an RLC_OCTET_COUNT.  All of the other parameters (e.g. QoS, acknowledged/unacknowledged mode) are described by reference to the RB (RB id is mapped directly to the TFI).  

However, such a scheme requires the network to allocate uplink resources (e.g. a USF) each time that a SRB has data to send.  A better approach would be to allocate a default USF (say USF=0) for all uplink SRBs.  This leads to a fast and efficient mechanism for transferring signalling data on the uplink.  An SRB with new data to send notifies the network by stealing the next available uplink block.  The network simply responds by allocating some send opportunities on USF=0.  

In the rare event that more than one SRB needs to send uplink messages at the same time, a simple priority scheme can be applied.  As measurement reporting (SRB1) is carried on SACCH, we are only concerned with SRB2-4.  In this case the priority mechanism can be SRB2 then SRB 3 then SRB4.  

· Scheduling of SRBs on a PDTCH-type channel on a DBPSCH should be via USFs and use the same stealing mechanism as for URBs.  

· A default USF (say USF=0) should be allocated for SRBs thus avoiding resource assignment messages.  

· If more than one SRB has data to send at any moment in time a strict priority scheme (SRB2 > SRB3 > SRB4) should apply.  

3.3. Network schedules a TBF that has no data to send

It is possible that the network schedules an uplink block for a TBF that has no data to send.  This may be the case for an extended uplink TBF in the inactive state.  In order to improve efficiency it should be possible for a data block to be sent from another TBF that is mapped onto the same BPSCH.  

It is suggested in [1] that the criterion used to select which TBF to send data from should be based on the highest number of blocks in the RLC/MAC queue.  This seems like a reasonable case for URBs within the same class.  However, a priority scheme should be employed with the following precedence (highest first):

SRBs, Conversational URBs, streaming URBs, interactive URBs, background URBs.  

This would allow some form of QoS even in the case where uplink blocks are scheduled for a TBF with no data to send. 

· When the network schedules an uplink send opportunity for a TBF that has no data to send, a TBF with the most important class will be allowed to send a data block. 

· Where there are more than one TBF with data to send of the same class, the one with the highest number of blocks in the RLC/MAC queue should be chosen.  

4. Conclusions

This paper provides support for the proposals put forward in [1] for solving the remaining issues with uplink multiplexing.  Some small modifications and some solutions to open issues are proposed which are summarised in the bullet points below:

· The stealing mechanism should be used to enable inactive TBFs, belonging to URBs and SRBs, to indicate that they have more data to send.  

· A URB or SRB4 should not be able to steal more than 1 in 5 consecutive uplink radio blocks from a given RB.  SRB1-3 should be allowed to steal a block at any time.  

· The network should always ensure that there are uplink send opportunities available for the re-transmitted data block to steal.  

· For SRBs a default USF (say USF=0) should be reserved to avoid unnecessary signalling (allocation of USF).  A simple priority scheme should be employed when more than one SRB has data to send at the same time.  

· When the network schedules an uplink send opportunity for a TBF that has no data to send, a TBF with the most important class will be allowed to send a data block. Within a class, the TBF with the highest number of blocks in the RLC/MAC queue should be chosen.  

It is hoped that agreement can be obtained on these open issues in the GERAN2 #8bis meeting in order to allow progress on the stage 3 work for multiple TBFs.  
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