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Introduction

This contribution provides details of the features of the time and rate control scheduler proposed by Motorola in earlier meetings.  The “rate control” scheduler is described in a companion paper.

I. Scheduling Approaches

Two fundamental approaches exist in scheduling UE transmissions for the E-DCH – (1) Node B controlled rate scheduling, where all uplink transmissions can randomly occur in parallel with the selected rates restricted to keep the total noise rise at the Node B at an acceptable level, and (2) Node B controlled time and rate scheduling, where only a subset of UEs that have traffic to send are selected to transmit over a given time interval also with selected rates restricted to meet noise rise requirements. 

To achieve high uplink spectrum efficiency while satisfying the Rise-over-Thermal noise (RoT) requirements at Node B, tight control of the variation of the RoT and the inter-sector/cell interference is very important but rather difficult. By moving the scheduler from RNC to Node-B, most information concerning the inter-sector/cell interference is lost.  This is a significant drawback since over 50% of the RoT is from the inter-sector/cell contribution.  In addition, controlling the RoT becomes more difficult with moderate/high speed UE’s and bursty traffic.

In this contribution, a time and rate control scheduler is proposed which uses the same algorithm as that of the rate control scheme described in [1].  

II. Proposed Time and Rate Scheduling Algorithm and its description

The basic algorithm philosophy is described as follows:

1. Node-B schedules the time to transmit and the associated data rate for the subset of UE’s according to measurements at Node-B (RoT, SHO status etc.) and information transmitted by each UE (power margin, buffer occupancy etc.). 

2. Assuming there are K active UEs in a sector, the Node-B and UEs are initialized as follows:
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3. The term H total is computed only at Node-B as per the following:
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where LSHO is equal to 1 if the UE is not in SHO, 2 if in 2-way SHO, and 3 if in 3-way SHO, etc., and 
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 is a function of the channel quality 
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 (uplink or downlink), buffer occupancy 
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, weighting factor wk from traffic model priority or QoS etc. It is assumed that this information are available at Node-B. In the simulation Hk is set to channel quality hk(n) at time n and  < 1. The channel quality is computed based on the power margin information sent to the Node-B using an uplink control channel.

4. 
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 is updated in Node-B as 
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1. Node-B measures the instantaneous received RoT over a TTI time (2 or 10ms) and then computes
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Here, U and L are some predetermined thresholds.  Note that D signifies the relative change in ROT at Node-B.

2. The Node-B updates the (n) for each UE according to
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where 
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 is a small step size, say 0.01 dB.

3. Whenever the Htotal parameter is updated, the value of 
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4. The Node-B computes each UE’s portion of the RoT margin according to
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where RoT is a target threshold (e.g. 6dB).  The Node-B then uses each UE’s RoT margin, its instantaneous uplink channel quality (or the TFCS state machine as in Rel-99) and the buffer occupancy to decide the MCS for transmission which includes the data rate, code-rate, modulation and power for that particular UE.

5. To prevent an UE from transmitting when the channel is bad, another mechanism is introduced.  The parameter
[image: image14.wmf](

)

n

R

k

in

m

arg

 gives the upper-bound of the RoT an UE could use.  Similarly, we denote 
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 as the lower-bound of RoT, corresponding to a minimum data-rate, an UE should use when the channel conditions are bad.  This may be set to the lowest data rate of the UE in question.

IV. Features of the proposed Time and Rate Control Algorithm:

Summarizing, the proposed rate control algorithm has the following features:

1. The left over power (to be assigned to E-DCH) is used when computing the MCS level.  This Power Margin Indicator (PMI) is sent by the uplink using the scheduling information channel.

2. The selected rate for the subset of UE’s is computed based on the information available at Node-B.

3. The scheme can use CQI, buffer occupancy and power margin information from the UE at Node-B.  However, it is essential to transmit buffer occupancy and power margin information to Node-B.

4. The transmission and re-transmissions can be treated differently in this algorithm.

5. Advantages over the scheme where only the maximum rate assigned to UE by Node-B:

a. Max rate approach always results in very large RoT variation which degrades significantly the throughput. This is partly due to the large control step size, up or down one date rate.

b. There is no direct relationship between the max rate (per cell) and the received RoT. The only way to adapt the max rate per cell is to look at the current history of RoT and guesstimating whether to up or down the max rate. With fading and bursty traffic, it would be very difficult to find a good way to adjust the max rate, especially per cell. 
c. In the proposed scheme, the Rise-adjust term is very helpful to reduce the variation of RoT as well as tracking the inter-cell/sector interference
V. Control of resources at Node-B

With time and rate scheduling Node-B can easily control the resources and there is no need for a busy bit as in the rate control scheme.

VI. Signaling Requirements

This section briefly describes the signaling requirements for the proposed rate control scheme:

· Scheduling Assignment (SA) – Downlink L1 message from scheduling cell contains rate assignment and implicitly indicates start time of scheduled TTI.  8bits + CRC, 2ms TTI
· Scheduling Information (SI) – Buffer Occupancy Indicator (BOI) and Power Margin Indicator (PMI) sent by UE periodically (e.g. every 10ms, 40ms, or 100ms) as well as event triggered. Not transmitted when E-DPCH is not transmitted.  8bits + CRC, 10ms TTI
· In SHO, BOI can be used to maintain scheduler fairness at all active set cells. 

· In SHO, UE can be scheduled by any active set cell.

· In SHO, UEs do not have to detect a potential SAM transmission from an active set cell if its CPICH Ec/Ior is n1 dB lower than the CPICH Ec/Ior of the strongest cell.

VII. Conclusion:

In this contribution, a time and rate control algorithm was proposed similar to the rate control approach in [3].
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