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Uplink Scheduling for SRBs and URBs

1. Introduction

With the introduction of multiple TBFs on the same MS into the GERAN standards, a new problem appears concerning the scheduling of TBFs on the uplink.  This paper addresses the issues of maintaining QoS guarantees when multiple parallel TBFs from the same MS share the same physical resources (uplink RLC/MAC radio blocks).  

The situations in which the mobile must multiplex (schedule) traffic from different TBFs onto a physical resource include dynamic and fixed allocation on SBPSCHs and per MS allocation on a DBPSCH.  The term scheduling opportunity is used to mean any uplink radio block that the MS can use to send data from a TBF.  

It is the aim of this paper to describe the QoS requirements needed and a set of rules to be applied to a mobile in order to guarantee QoS for URBs that utilise TBFs as a transport channel.  For situations where SRBs are carried over TBFs we must also consider how to schedule SRBs and URBs.  This applies to the use of FACCH/Shared and separate TBFs for carrying SRBs.  

This proposal relates to the Iu mode in Release 5.  The network in the DL direction could also use the proposed MS scheduling strategy.  

This is an updated version of G2-010300 that was presented to the GERAN WG2bis#6 in Aix-en-Provence.  It is updated to address SRB handling and clarify the working assumptions.   

2. Requirements

This section addresses the requirements and working assumptions for the uplink scheduling concept.  

2.1. Requirements

The uplink scheduling function in the mobile must be able to provide the following functionality:

· Schedule the active TBFs onto the assigned set of scheduling opportunities.  

· Allow multiple sets of scheduling opportunities (e.g. separate USFs) to be scheduled independently

A set of scheduling opportunities may be a USF, a bitmap allocation or the dedicated resource provided by a DBPSCH.  In this sense the scheduling rules should be applicable to all these scenarios.  

· Provide relative or absolute priority to SRBs

· Share the resources between competing URBs in a fair manner

· Ensure that guaranteed bandwidth is provided for those URBs that have QoS requirements

Providing relative priority by sharing the available resource (bandwidth) in proportion to a weighting factor will stop some lower priority RBs from being starved whilst others get all the bandwidth.  However, some opinions have been expressed that call for absolute priority for some SRBs such as SRB2.  It is therefore a requirement to allow strict priority for SRBs as well as relative priority.  

· Support SRBs over the FACCH/Shared channel
· Support SRBs over separate TBFs

SRBs either using the FACCH/Shared or SRBs on separate TBFs should be supported by the mechanism.  

· Work over SBPSCH and DBPSCH

· Multiplexing should be at the Radio Block level not the upper layer PDU level

The scheduling mechanism must be generally applicable to SBPSCH and DBPSCH.  It must also work at the finer level of granularity (Radio Block level) rather than at the coarser level of upper layer PDU in order to provide the best delay and QoS response.  

2.2. Working Assumptions

The following working assumptions have been made in this paper:

· The network assigns TBFs to each set of scheduling opportunities.  

We assume that when the TBF is set-up the network allocates the TBF to a USF or a bitmap according to network resource availability and QoS requirements. 

· The network can detect the start and finish of a TBF and a SRB data burst (when using FACCH/Shared) in order to increase/decrease scheduling frequency if desired.  

It is the network that is responsible for increasing or decreasing the resource allocation in response to existing TBF procedures (e.g. the Packet Resource Request and Countdown Value mechanisms).  In the case of FACCH/Shared an amended Countdown procedure such as that suggested in [4] could be used.  

· Allow FACCH/Shared to use any TBF
If the FACCH/Shared mechanism is supported then the mobile should be allowed to chose which TBF to use.  Usually the next TBF to be scheduled would be chosen but this can be left to the mobile to decide.  

2.2.1. SBPSCH

For SBPSCHs, it is of course possible for the network to be in control of the scheduling by allocating a separate USF or bitmap to each TBF.  This approach can be used with the multiple TBF concept if desired, as a single TBF can be mapped to a single USF or bit map.  However it has some disadvantages.  

· With dynamic allocation the scarce USF resource will be used up more quickly if a USF is allocated to single TBF

· With a single TBF per USF (or single bitmap per TBF), the scheduling load for the network is higher than if it is distributed with the mobiles taking some of the work load.  

· Increased signalling load for fixed allocation (one bitmap for each TBF rather than one bitmap for a set of TBFs)

· Increased delay for short messages such as signalling messages as they cannot make use of all of the available bandwidth
Considering these disadvantages it is considered advantageous for the MS to be able to schedule its own TBFs on the uplink on a SBPSCH.  

The network may have provided more than one set of scheduling opportunities to the mobile with different TBFs allocated to each of these sets.  The mobile must therefore be able to provide multiple instances of the uplink scheduling function, one for each set of scheduling opportunities.  

2.2.2. DBPSCH

As far as the DBPSCH is concerned, there is a fixed resource allocated to the mobile that cannot be shared with any other mobiles.  There is therefore no point in the network scheduling individual TBFs when the mobile can do this more effectively.  

We assume that there is no need for the network to explicitly schedule TBFs on a DBPSCH thus the USF can be removed from the RLC/MAC header and the scheduling load is removed from the network.  

It is also assumed that the network does not need to split the resource in any way (more than one set of scheduling opportunities) as it is more efficient in terms of multiplexing gain and reduced delays for signalling to consider it as one resource for all TBFs.  

The following sections describe requirements and the proposed solution in more detail.  

3. Proposed Solution

The current multiplexing of Upper Layer PDUs in the mobile is clearly not sufficient to meet the QoS requirements for SRBs and for URBs that require guaranteed bandwidth.  A multiplexing on the Radio Block level is more appropriate for multiple TBF scheduling.  

In order to meet the requirements and based on the working assumptions specified in section 2, it is necessary to provide scheduling rules that can meet the guaranteed bandwidth requirements of existing URBs whilst providing the appropriate QoS for SRBs that are carried over TBFs.  

3.1. Detailed Proposal

The Guaranteed Bit Rate (GBR), as defined in [3], is intended to be a long term (lifetime of the call) guaranteed resource reserved by the network to always ensure the appropriate QoS.  We introduce a more dynamic version of this QoS parameter called the Guaranteed Available Bit Rate (GABR).  

Guaranteed Available Bit Rate (GABR) = Minimum guaranteed bit rate that will be allocated to the bearer by the network when there is data to send.  

The solution proposed in this paper is to divide the bandwidth provided by the network on the uplink (via send opportunities) in a manner that is proportional to the GABR of each TBF.  The proposed mapping between different RBs and their equivalent GABR is given below.  

Real time / conversational bearers
GBR maps directly to GABR

Interactive bearers


Default GABR allocated

Background bearers


Default GABR allocated (low value)

SRBs




Values determined on RRC connection set-up 

Any RB without QoS parameters will use the default value for background bearers.  

If the GABR can be truly guaranteed then a maximum delay and minimum throughput value can also be guaranteed for a fixed size message.  

For SRBs it is proposed that the values of GABR for each of these can be signalled from the network to the mobile on RRC Connection Set-up.  In this way the operator can decide on the relative priorities of the SRBs.  By allocating a special value of GABR (equivalent to infinite guaranteed available bandwidth) one or more SRBs can be given absolute priority.  

The proposed scheduling rules will follow the steps defined below:

1. Assign GABR for all active TBFs sharing the same set of scheduling opportunities 

2. Calculate a scheduling linked list in “scheduling time” taking the most important SRB first then the URBs.  The size of the list depends on a variety of parameters but must be at least as long as 1/(smallest value of GABR).

3. RBs that are assigned the same “scheduling time” will be ordered according to the first entry takes priority scheme

4. Assign the next RB in the list to the next scheduling opportunity

In step 2, the number of entries per RB on the list will be the minimum of the number needed to reach the end of the calendar (1/smallest value of GABR) and the number of radio block being queued.  

The scheduling list should be recalculated when a TBF is released, a new TBF is assigned to the scheduling opportunity set, more radio blocks are received for an active TBF or the scheduling list is coming to an end.  

The order of precedence for the SRBs should be as follows from most important to least important:

SRB2

SRB1

SRB3

SRB4

SRB0
These priorities are in line with those suggested in [5].  

An MS can have multiple instances of this scheduling scheme for each set of scheduling opportunities (e.g. per USF).  However, a TBF on one set of scheduling opportunities is not allowed to borrow a scheduling opportunity from another set.  

An example of how the scheme will work is shown in Figure 1.  In this example we consider 5 RBs consisting of three URBs (URB1 has a specified guaranteed bit rate, URBs 2 is interactive and URB3 is best effort) and two SRBs (SRB2 and SRB4).  For SRB2 the GABR has been set by the network to be infinite (absolute priority) but for SRB4 it has been set to the same value as URB1.  The GABR and the number of radio blocks backlogged are defined for these RBs in the table below.  

	Radio Bearer
	Guaranteed Available Bit Rate (GABR)
	Scheduling Time between sends 

(1/ GABR)
	Number of Blocks backlogged

	URB1
	1
	1
	6

	URB2
	0.5
	2
	4

	URB3
	0.25
	4
	4

	SRB2
	Infinite
	0
	2

	SRB4
	1
	1
	2


The top part of Figure 1 shows how the list of RB send opportunities is calculated.  First SRB2’s send opportunities are calculated all for time 0 as it has infinite GABR.  As there are only two Radio Blocks to be sent for SRB2, only two send opportunities are allocated.  The send opportunities for SRB4 are calculated next.  Again SRB4 has only two radio blocks to send so only two opportunities are allocated at scheduling times 1 and 2.  URB1’s opportunities are allocated every 1 unit of scheduling time.  Next URB2s opportunities are allocated every 2 units and finally URB3.  At least one opportunity has to be calculated for URB3 as it has the lowest value of GABR.  
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Figure 1
Uplink Scheduling Mechanism

This scheme can be applied to the use of FACCH/Shared by simply choosing any valid uplink TFI to use when an SRB is to be scheduled and using the appropriate PTI value.  

The second part of Figure 1 shows how the list is used to select the RB to send the next Radio Block as scheduling opportunities arrive.  This process simply goes through the list constructed in the first part from top to bottom and is thus not very processor intensive. 

It is the responsibility of the network to allocate enough bandwidth on a SBPSCH to the set of scheduling opportunities in order to meet the QoS requirements of all RBs currently multiplexed onto that resource.  It is also the responsibility of the network to assign enough physical resources to the MS (multislot allocation).  The network may therefore wish to reallocate one or more RBs to a different timeslot (assuming that the mobile supports multiple timeslots) if it cannot meet the combined QoS requirements.  If the network cannot meet the combined QoS requirements and is unable to reallocate a TBF to another timeslot, then all RBs will experience reduced throughput in proportion to their GABR.  

4. Advantages and disadvantages

This section summarises the advantages and disadvantages of the approach outlined above compared with the current (Release 4) sequential approach to handling multiple flows on a single mobile.  

Advantages

· Allows multiple TBF to be sent on the same set of scheduling opportunities thus saving resources (e.g. USF)

· Provides QoS guarantees to RBs with a low level of granularity (Radio Block level)

· Provides minimum delays for important RRC messages (e.g. those sent on SRB2)
· Reduces the network scheduling load by distributing some of the scheduling to the mobile

· Graceful degradation under overload (not enough bandwidth provided by the network) as RBs get the same proportion of bandwidth

Disadvantages

· Increased complexity in the MS

· Slight increase in RRC signalling

5. Conclusions

Based upon the requirements and working assumptions presented in section 2, a simple set of scheduling rules has been presented that can be applied to the uplink scheduling of URBs and SRBs over multiple TBFs.  The scheme allows multiple RBs to be multiplexed together at the Radio Block level of granularity.  

The scheme takes into account the relative QoS of each of the RBs allowing for relative priority based on a Guaranteed Available Bit Rate (GABR) value.  It also allows some SRBs to use absolute priority based on SRB precedence.  The choice of GABR values for the SRBs and thus which ones use absolute priority is under the control of the operator as these values are signalled to the mobile at RRC Connection Set-up.  

The strategy allows for multiple instances of the scheme within a mobile (one for each set of scheduling opportunities) and works on SBPSCHs using dynamic or fixed allocation and with DBPSCHs.  
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