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Introduction

This contribution proposes a simple rate control scheduler for enhanced uplink (EU) and the corresponding control channel requirements.

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 rate control scheduler is proposed which uses two common persistence values to update the allocated portion of resource of RoT margin for each UE and, thus, effectively reduce the variation of the RoT.  In addition, SHO information is used to control the inter-sector/cell interference and improve the sector throughput.  In this scheme, each UE decides the data rate and time to transmit according to these common persistence values, SHO status and data in the buffer, etc. Simulation results show that the proposed scheme performs significantly better than existing rate control schemes. In fact, it can achieve throughput comparable to that of the time and rate scheduler, which requires significantly more signaling and information while the proposed scheme is less sensitive to the delay, speed of UE, burstiness of the traffic. 

Proposed Rate Scheduling Algorithm and its description

The basic algorithm philosophy is described as follows:

1. Node-B sends two sets of persistence information to all the UEs to control the rate of UEs. UE decides the data rate and time to transmit according to these persistence values, its power margin, buffer occupancy, SHO status, etc. 

2. The slow persistence value is sent infrequently and reports the average load/status of the sector (say, at 1 Hz).  The slow persistence value may be sent using the secondary common control channel (S-CCPCH).
3. The fast persistence which is proportional to the instantaneous RoT level of the sector is reported every TTI (e.g. at 50 Hz) using a new Fast Persistence Common Control Channel (FPCCH). The FPCCH carries a single (global) up/down bit based on instantaneous RoT cell measurements. The up/down persistence bit is sent to all UEs served by the cell every 2ms in order to control RoT variation. 

4. The scheduling algorithm also utilizes the SHO information to reduce the inter-sector/cell interference contribution to RoT margin, which in term improves the sector/user throughput.

Detailed Algorithm:

A detailed description of the rate control algorithm is described below :

1. Assuming there are K active Ues in a sector, initialize the Node-B and UEs as follows:
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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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 (uplink or downlink), buffer occupancy 
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, weighting factor wk from traffic model priority or QoS, and etc. It is assumed that these information are available at both Node-B and UE and the parameters k and 
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 is updated in the same manner at both Node-B and UE k. 


2. 
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 is updated both in Node-B and UE k as 
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.  The slow persistence parameter, 
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 is then calculated at Node-B according to 
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 and using a common control signaling channel, say secondary common control channel (S-CCPCH).


3. 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. Node-B sends the fast persistence parameter D every TTI using a common control channel (e.g. FPCCH)

4. Each UE receives the slow persistence parameter D and updates (n) according to,
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 where
[image: image14.wmf]d

 is a small step size, say 0.01 dB.

5. Whenever each UE receives the Htotal parameter, it updates its copy and reset 
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6. Each active UE computes its portion of the RoT margin according to
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The UE then uses its RoT margin, its instantaneous uplink channel quality (or the TFCS state machine as in Rel-99) and its data in the buffer to decide the MCS for transmission which includes the data rate, code-rate, modulation and power. 

7. To prevent an UE from transmitting when the channel is bad, another mechanism is introduced.  The parameter
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 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.

Simulation Results and Conclusion:

Table-1 compares the performance of the proposed scheme to that of  [1].  It may be observed significant improvement in sector throughput compared to Qualcomm Rate control scheme.

Table 1. System Simulation Results – Full Buffer
	
	Channel 

Model
	Sector Throughput
	User Throughput
	Rise Statistics

	
	
	(Kbps)
	(Kbps)
	Mean (dB)
	Std Dev. (dB)

	Proposed scheme
	Ped A, 10 ms TTI
	2193
	228
	7.2
	0.7

	
	Ped A, 2 ms TTI
	2178
	224
	7.1
	0.3

	
	Ped B, 10 ms TTI
	1497
	153
	7.2
	0.5

	
	Ped B, 2 ms TTI
	1511
	154
	7.1
	0.2

	Qualcomm RC
	Mixed, 2 ms TTI
	~1600
	NA
	~7.2
	NA

	Qualcomm T&R
	Ped A, 2 ms TTI
	~1800
	NA
	~6.2
	NA

	
	Ped B, 2 ms TTI
	~1450
	NA
	~6.4
	NA

	Release 99
	Ped A, 10 ms TTI
	755
	76
	5.9
	5.3

	Release 99
	Ped B, 10 ms TTI
	744
	75
	6.5
	3.5


In view of the above it is recommended to have a slow and fast persistence channel to support the above rate control scheduling scheme since the notion of persistence was already a part of study item TR.
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