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1. Introduction 

It has not yet been agreed what kind of scheduler should be used for the reference Rel’99 simulations to which new Node B scheduling algorithms should be compared. In the previous meeting there was one document from Qualcomm [1] where couple of possible algorithms were presented. 

This document continues that discussion. We discuss generally what the rel99 packet scheduling algorithm should be like, and propose a relatively simple algorithm to implement into the system simulators, which could be used as a rel99 reference algorithm. 

2. General discussion on rel99 packet scheduling algorithms

2.1 Targets for a reference rel99 algorithm 
We think that the reference rel99 algorithm should be such, that it optimises both cell capacity and user throughput of a rel99 system by assuming reasonable complexity level of implementation. Further, when talking about user throughput, it is not only the average user throughput that we should optimise, but also the minimum user throughput that can be obtained e.g. by 90 % of the users in the cell when being active.

If rel99 algorithm is too simple, e.g. not updating the TFC subsets for different users at all or often enough, it gives too bad picture of the rel99 system, either from cell capacity and/or user throughput point of view, which means that almost any method proposed for enhanced uplink DCH will show incremental gain relative to it.

If rel99 reference algorithm is too complex, using the current possibilities of RRC signalling in a too complex manner (e.g. assuming very frequent signalling etc), it gives very optimistic view of rel99 system, and it is hard to compete with that with any proposed scheme for enhanced uplink DCH. The situation might however be that such a complex scheme is not realistically implementable to rel99 systems, and it could also introduce too much overhead in air interface with too frequent RRC signalling rates.

2.2 General comments on different optimisation issues in packet scheduling algorithm
Generally, it can be said that the cell capacity is optimised, if the UEs, which have received a capacity allocation (the allowed TFC subset) from the network, also utilise that allocation most of the time during the allocation period. This means that

· Network should allocate any freed capacity from any inactive UE to active UEs, in order to optimise the cell capacity. 

· It is not optimised from cell capacity point of view, if the TFCS allocation (assuming TFCS means some medium to high data rate) is fixed for a UE during the whole time UE is in cell-DCH state.

Generally, it can be said that the user throughput is optimised, if the UE is allowed to transmit with higher data rate then when it has data to transmit. Further, if the target is also to optimise the minimum user throughput in the cell, this means that

· Network should allocate any available capacity to those UEs that has data to transmit

· Network should update the TFC allocations given to active users so that they are done with some kind of even allocation.

2.3 Proposal for rel99 reference algorithm

The proposed algorithm is such that RNC has a certain time period, called packet scheduling period, for which it can do updates to the earlier allocated TFC subsets to different UEs. This period is called PS period.

If the UE has been inactive in the last PS period, network will not include this UE into the update process of TFC subset for this PS period. This means that the inactive UE(s) are allocated only the minimum TFC set (e.g. 8 kbit/s).

If the UE has been active in the last PS period, i.e. it has sent data during previous PS period, or UE has just entered the cell-DCH state (data has arrived to its buffer), network will include this UE into the update process of TFC subsets for this PS period.

For all the UEs included to the update process of TFC subsets, network divides the uplink capacity in even fashion as much as possible, taking into account the allowed steps in TFCS. 

As an example, the allowed steps in TFCS1 in the current TR25.896 are: 8, 16, 32, 64, 128, 256, 384 kbit/s. So if the cell capacity in the uplink to be shared with would be e.g. 2Mbit/s, and there would be 10 UEs to be shared it with as evenly as possible, then the network would allocate 256 kbit/s maximum data rate to 5 users, and 128kbit/s maximum data rate to 5 users, since this is the most fair division of the resources possible with the defined TFCS, and it still keeps the cell capacity below 2Mbit/s.

Benefits:

+  Both cell capacity and minimum user throughput is optimised

+  Does not require frequent traffic volume measurements to be sent in uplink 

Drawbacks:

- Requires some RRC signalling to be sent (probably every) PS period in downlink.

3. Text Proposal for System Simulation Results

This section contains the text proposal on the reference packet scheduler. It is suggested that the text would be out together with the system simulation results to Annex A.4.

-----------------------------text proposal to Annex A.4starts here --------------------------------------------

A.4.1.4 Reference Rel’99 Packet Scheduler for E-DCH
The packet scheduler presented here is intended for the E-DCH reference simulations of Rel’99 to be implemented together with TFC selection algorithm in the UE. The algorithm relies on certain concepts, which are introduced below.

A.4.1.4.1 Reference Rel’99 Packet Scheduler Concepts

The following concepts are used in the description of the scheduler algorithm

· Long-term TFCS: This is the UL TFCS allocated by the RNC. It is assumed that this contains rather many TFCs, basically up to the UE capability. The long-term TFCS is assumed to be constant during the simulation, i.e. when a UE receives its first capacity allocation (i.e. short-term TFCS), it also receives the long-term TFCS. The delay for reconfiguring the long-term TFCS is not taken into account, because it is only signalled once in the beginning of the connection.

· Short-term TFCS: A capacity allocation for one UE. This is the TFCS control message that the RNC packet scheduler normally sends to a UE when that UE’s capacity allocation changes. It is called here a short-term TFCS because conceptually, it can be thought of as a subset of the long-term TFCS that is signalled to the UE, and the UE is then allowed to use only the subset for as long as it does not receive another short-term TFCS. A short-term TFCS is fast and does not need radio bearer reconfiguration. It is signalled to UE via RRC signalling.

· Minimum TFCS: This is the set of TFCs that a UE is always allowed to use in cell DCH state, regardless of any capacity allocation of power limitations. For example, zero data rate TFCs belong to this set, and usually there is also some low data rate TFC (e.g. 8 kbps) included. The minimum TFCS is signalled at the same time the long-term TFCS is signalled, so it is also assumed to be constant. However, the minimum TFCS is only valid in cell DCH state. In cell FACH state the UE is not assumed to send anything in uplink in the simulations.

· Packet Scheduling Period (PS period): The time interval for which the short-term TFCSs are scheduled.

· Inactive UE: A UE is considered inactive if it has not sent any data during the last PS period. Inactive UEs can be in either CELL_DCH or CELL_FACH state, i.e. after the UE has been inactive in cell-DCH state, during T_inactivity_timer period, the UE is sent to cell- FACH state 

· Active UE: A UE is called active if it has sent some data during the last PS period. A UE that has entered the cell DCH state (either from cell FACH state or from idle state) but has not yet received any short-term TFCS allocation from PS is also called active. An active UE is always in CELL_DCH state.

A.4.1.4.2 The Reference Rel’99 Packet Scheduler Algorithm

The PS algorithm used is following: it first gives all the UEs in cell-DCH state the minimum possible allocation, and then increases the allocation one TFC at a time for one UE at a time.

Figure 1 shows the flowchart of the algorithm. The basic steps of the algorithm done for each PS period:

1) Assign the minimum TFCS as the short-term TFCS for all the UEs that are in cell DCH state as an initial value.

2) Select all active UEs 

3) Insert the selected UEs in the previous step into a scheduling queue into a random order, and update the short-term TFCS for these UEs with following steps:

a) Select the next UE in the queue (if at the end of queue, restart from the beginning). 

b) Temporarily increase the short term TFCS allocation for this UE by one TFC. If there are resources available for that allocation, keep it and go to step a). If not, remove the temporary allocation and go to step 4.

4) Signal the assigned short-term TFCSs to all UEs and long-term TFCSs to new UEs.

Notice that algorithm is such that the inactive UEs in cell DCH are only allocated the minimum required resources. Also note that the order in which the queue is handled affects the probability that a UE gets a high data rate capacity allocation. This queue polling policy suggested here is round-robin, which treats all UEs with equal priority.
Figure 1. Reference Rel’99 Packet Scheduler for Uplink
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-----------------------------text proposal to Annex A.4ends here --------------------------------------------

3. Conclusion
This document describes a packet scheduler method, which is proposed for the reference E-DCH system simulations.
REFERENCES

[1] R1-030662, “Rel99 cell throughput (TFC control, full buffer various channels)”, Qualcomm.
[2] 3GPP TR 25.896, “Feasibility Study for Enhanced Uplink for UTRA FDD”, version 1.0.0, September 2003






























































































































































































































_1126602516.vsd
�

�

�

Begin Uplink Packet Scheduling for this PS period�

End Uplink Packet Scheduling for this PS Period�

Select an active UE in the queue�

Uplink resources available for this capacity allocation?�

For all  UEs in CELL_DCH:
Short-term TFCS = 
the appropriate (active/inactive) minimum TFCS �

No�

Yes�

Tentative capacity allocation for this UE = Add one TFC to the short-term TFCS�

Send short-term TFCSs to the all the UEs and long-term TFCs to new UEs�

Disregard the tentative capacity allocation for this UE�

Set the capacity allocation  for this UE according to the tentative allocation�

Create the scheduling queue�


