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1 Introduction

Scheduling of UE transmissions is an integral part of variety of study items proposed in 3GPP. A number of techniques proposed for uplink scheduling [1-6]. In this document, we propose a strategy for uplink packet scheduling. The proposed strategy enhances the system performance by reducing the packet delivery delay significantly, which is vital for real-time conversational services. It also provides an improved real-time fairness for packet delivery. 

2 Outline of Strategy:
It is assumed that UEs are being saved by Node-B. When a UE is in uplink side and is transmitting we call it source UE. The information from source UEs is intended to be sent to destination UE in downlink side. This is shown in Figure 1. 
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Figure 1 Base station serves both destination and source UEs

In Downlink Node-B is mostly responsible for scheduling the packet data and forwarding them towards destination UEs. We assume that uplink scheduling is carried out per each Transmission Time Interval (TTI). It is assumed that for each uplink scheduling event, a decision should be made about the transmission formats of source UEs. To make this decision current proposal effectively combines downlink and uplink scheduling functions.  

Multidimensional QoS-based Packet Scheduling (MQPS) [9-12] is a technique that involves all the aspects involved in a successful packet delivery process, simultaneously, in the scheduling process. The advantages of the MQPS are highlighted in [9-12]. Our proposed strategy extends the advantages of multidimensional scheduling to uplink by creating joint downlink-uplink functionality. It transfers a compact multidimensional knowledge in form of a message about the quality of packet delivery at downlink to uplink scheduler. In making the decisions during uplink scheduling event, this knowledge is taken into account in addition to the quality of radio channel at uplink. The proposed strategy includes the following steps:  
a. Node B estimates a multidimensional metric similar to the one proposed for MQPS and send it to each source UE. This simply says to source UE, in uplink, how successfully, it is in touch with its destination UE or UEs (e.g. MBMS case) in terms of different accepts involved in a successful QoS provisioning.

b. For example Node-B estimates 

· How good source UE is doing in terms of on time delivery of packets to its intended destination UE. Obviously this metric is estimated considering to which class of service UE belongs.

· It estimates how far away the throughput ratio of destination UE or UEs is from the overall average throughput ratio.

· Distance of current source UE from minimum delivered QoS delivered to the UE with the poorest service. 

· Distance min minimum throughput ratio delivered also is evaluated. 

These values are determined per any uplink scheduling event which can be equivalent to one scheduling event in the downlink or one Time Transmission Interval (TTI). It can also be performed per couple of TTIs to reduce the delay introduced to uplink by Node-B reporting process. 

c. Node B combines these metric figures together and comes up with a single credit value. In doing that it performs a mathematical mapping to unify the numeric range of these values. At this stage Node-B has determined four independent quantities related to different aspects of downlink scheduling. All these quantities have numeric values between zero and one. To final credit metric fro Node-B may have the following general form:
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where n represents the UE id number,
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 represents the comparative packet dropping rate, 
[image: image4.wmf](

)

m

n

in_QoS

Distance_m

 is the distance from minimum QoS in the class of service, 
[image: image5.wmf](

)

m

n

in_FIFO

Distance_m

 is the distance form the minimum FIFO length, and 
[image: image6.wmf](

)

m

n

vg_Th

Distance_A

 is the distance from average throughput. 
This final metric or credit value which might be expressed employing just 7  information bits (i.e. one information byte) forms a message which is to sent to source UE in other side of uplink every one or couple of uplink scheduling events.

d. UE combines the knowledge extracted from this message sent by Node-B with other existing knowledge about the radio channel conditions and makes a decision on packet transmission rate or waiting time or proposed thresholds. 
e. In a mixed service environment where services of different nature share the same channel, the multidimensional metric for UEs with poor QoS history is evaluated in a way to let slowing down of the other UEs within the same class of service. Therefore UEs that for example provide real-time video service can slow down UEs with background services. 

We consider two options or capabilities for UE regarding the way the transmission rate or time introduced:

(1) Multidimensional Rate-Time Hybrid QoS-based Packet Scheduling (MRT-HQPS) in which unlike pure time scheduling, the chosen UE does not occupy all the channels. On the other hand UEs are not transmitting all the time like pure rate scheduling. Instead UEs experience two kind of active and silence periods. Within the active period UEs can have different transmission rates.

(2) When the delay introduced by time scheduling can not be tolerated by power control, Multidimensional Credit-based Rate Scheduling (MCRS) is our option. The silent time is zero therefore all the UE transmit all the time, similar to WCDMA rate scheduling. However the Modulation and Coding Scheme (MCS) level (i.e. transmission rate) is decided by UE based on the combined credit value including the radio channel conditions and received credit value from Node-B.  

To explain the advantages of the proposed algorithm, an example is presented in Figure 1, where the source UEs A, B and C try to send data to the corresponding destination UEs A, B and Cthrough Node-B.  All the UEs have real-time streaming conversational video services. In this example, it can be seen that UE A not only has lots of data to transmit (70% of its assigned Node-B FIFO buffer full), it also enjoys a good QoS and throughput so far.  UE B at the same time has 50% of its assigned FIFO buffer full and has achieved an average QoS and average throughput profiles, and finally UE C’s buffer has only 20% of its buffer full and has given a poor QoS and poor throughput. As an example our proposed algorithm will give the highest credit value of 98 to UE A, since it has the highest distance from the UE C with poorest and minimum profile and highest distance form the achieved average throughput (i.e. metric 
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) . UE B was given an average credit value of 49 and UE C has lowest credit value of 1. If UE A and B carry on with current transmission rate, UE C will always face a fierce competition from these source UEs at uplink (i.e. high interefernce level) and will never be able to recover from current poor profile. For example it will never have a Node-B FIFO buffer length similar to other two UEs which is vital to fairness of packet scheduling process at entire uplink-downlink, especially when we are dealing with continuous real-time services with equal data pipes. Therefore after receiving one byte credit information in current uplink scheduling event, source UE’s with higher received credit values slow down more than UEs with lower credits on a temporarily basis. This is shown in Figure 3 for MRT-HQPS and Figure 4 for MCRS. In these Figures horizontal green line represents the rate of transmission and MCS level. Therefore more number of horizontal green lines means higher transmission rates (i.e. higher MCS level).
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Figure 2  Credit Based Combined Uplink-Downlink Scheduling and Optimization  
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Figure 3 Supporting credit based joint downlink-uplink scheduling, MRT-HQPS  

It can be seen it Figure 3 that at the beginning of second uplink scheduling event (TTI 2), UEs A,B and C have received credit values according to Figure 2. Therefore since MRT-HQPS is supported in Figure3, UEs A and B have experienced waiting and silence times and switched to lower transmission rates. At the same time UE C has switched to a higher transmission rate and performs continuous transmission. All source UEs have switched to continuous transmission with similar rate of transmission after UE C recovery and FIFO load balancing have been achieved at 10th TTI.    
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Figure 4 Supporting credit based joint downlink-uplink scheduling, MCRS 

In Figure 4, MCRS supported where no silent time is experienced by source UEs A and B and they just reduced their transmission rates temporarily. Again source UEs have switched to continuous transmission with similar rate of transmission when UE C has recovered and FIFO load balancing have been achieved at 10th TTI. These actions in their ideal form will transform the situation in Figure 2 to Figure 5. It can be seen that since in Figure 5 a load balancing has been achieved among the FIFO buffers and UEs all have achieved similarly good QoS features, all the UEs have received low credit values and switch to similar MCS level. 
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Figure 5 Achieving simultaneous QoS provisioning gains applying MRT-HQPS and MCRS

3 Initial Evaluations: Simulation Results

In the uplink performance of current proposed MRT-HQPS is compared to Aloha-like uplink scheduling. Only time scheduling is considered therefore at uplink UEs does not change their rates and assigned MCS levels. 
It is assumed that mixed services of real-time continuous video and WWW downloads are being offered. The delay tolerance and QoS are described in [13-15]. The uplink-downlink performance has been evaluated.  A summery of traffic and simulation parameters for our developed test-bed is shown in Table 1 and Table 2. In downlink it is assumed that a Node-B employing HSDPA scheme using packet scheduling techniques such as PF or MPQS is serving a number of UEs. A video traffic model based on H.263 video coding [16], is applied. The model concentrates on the traffic characteristics related to video encoding and RTP (Real Time Protocol) packet transport. A modified ETSI WWW browsing model is employed [7], [8].  The simulation system model is depicted in Figure 6.
Table 1 Traffic parameters (downlink)

	WWW

Browsing
	Packet call size
	Pareto distribution with cutoff
( =1.1,  k=4.5kbytes, 
m=2 Mbytes (average 25 kbytes)

	
	Reading Time
	Geometric Distribution
(Average 5 sec)

	
	IP packet size
	1500 bytes

	
	IP Packets per packet call
	Packet Call size / IP packet size

	
	Packet inter-arrival time
	Geometric distribution
(Average 6msec)

	Video Streaming
Model
	7.5 frames/sec

32 kbps

3GPP H.263 Video Encoded Video (see [25], [26])
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Figure 6 Realization of an All-IP wireless multimedia system employing HSDPA system
Table 2 Simulation parameters (downlink)

	Inter Cell Site Distance
	6km

	Number of sectors per cell
	3

	Sector Antenna Radiation Pattern
	Ref: ETSI UMTS 
TR 101.112

	HS-DSCH
	Transmission time interval
	2mS

	
	Spreading Factor
	16

	
	Number of Multicodes
	10

	CPICH
	Spreading factor
	256

	Hybrid ARQ scheme
	Chase Combining

	ACK/NACK detection error rate (at Node-B)
	Error free

	ACK/NACK feedback delay
	3 TTI

	Path Loss factor
	3.76

	MCS (Modulation and coding ratio)
	QPSK (r=½, ¾)

16QAM (r=½, ¾)

64QAM (r= ¾)

	Coding
	Turbo code

	Decoder
	Itterative

	MCS update interval
	1 TTI

	CQI averaging period
	1 TTI

	CQI reporting delay
	3 TTI

	CQI detection error rate (at Node-B)
	Error Free

	Slow fading (shadowing)
	Standard Deviation
	8dB

	
	Correlation
	Between Sectors
	1.0

	
	
	Between Cell Sites
	0.5

	
	Decorrelation Distance
	50m

	Multi-path Channel Model
	6path Vehicular A

	Doppler frequency
	6.7 Hz

	UE average moving speed
	3.6km/hr

	Carrier Frequency
	2GHz

	Rx Antenna Branches at UE
	1

	Tx Diversity at Node-B
	1

	Mobility Model
	ETSI TR 101.112

	User distribution in cell area
	Uniform random


For uplink perfect interference cancellation is considered so that the input packet data send sequences by source UEs can be separated without introducing any packet dropping. Adjacent cell at downlink interference is the results of transmissions from the adjacent Node-Bs. The throughput ratios or success of packet delivery are compared in Figure 7(a), where MRT-HQPS has outperformed the Aloha-like time scheduling. 
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Figure 7 Compassion of different aspects of QoS provisioning
Real time delivered QoS for both video and WWW services is compared in Figure 7(a) and Figure 7(b) where MRT-HQPS has managed to provide a better real-time QoS all over the transmission period. Table 3 compares final achievement performance figures. Looking at Table 3, it can be seen that although this delay or silence time has been introduced by source UEs, overall delivered bit-rate in entire uplink-downlink is higher for MRT-HQPS. This means that although the introduced delay leads to improved performance but not necessarily less bit deliveries.

Table 3 Performance compassion on final achieved figures

	Scheduling 

Type
	Downlink: MQPS

Uplink: Time Scheduling (Aloha-like)
	Downlink: MQPS

Uplink: MRT-HQPS 

	Offered Load (Admitted packet load)
	1.286 Mbps
	1.178 Mbps

	Delivered Bit Rate
	1.0616 Mbps
	1.068 Mbps

	Packet Delivery Success Rate 

(Total Throughput Ratio) 
	0.8251
	0.9073

	Average Throughput
	0.9623
	0.9804

	95 Percentile Delay (Video)
	0.84 sec
	0.42 sec

	Average Delay (Video)
	0.18155
	0.0952

	Total Average Delay
	2.235
	2.191

	Satisfied QoS Conditions (WWW)
	0.6277
	0.6579

	Satisfied QoS Conditions (Video)
	0.8206
	0.8822



It can be seen in Table 3, that almost all aspects involved in a successful QoS provisioning are improved simultaneously by applying proposed MRT-HQPS at uplink. Perhaps the most significant achievement is improvement of 95 percentile delays for real-time video services which is reduced by half. This is vital for UEs and handsets which support conversational continuous real-time services such as video or voice. 
4 Conclusions

The proposed joint uplink-downlink multidimensional packet scheduler in this report, regardless of the employed downlink packet scheduling schemes, provides performance gain. The strategy effectively works as an efficient congestion control mechanism. In a mixed service environment, say for example consisting of real time video and WWW, the early simulation results confirm that by achieving a better load balancing and reducing the pressure on UEs with poor credit history and delivered QoS, the delivery delay of UEs with continuous real-time services (e.g. video) is reduced guaranteeing a better QoS for entire uplink-downlink system. Another benefit of the proposed strategy is adaptive controllable fairness to uplink packet scheduling. As one of the involved metrics in the proposed metric, the current distance of buffer length of the desired UE from the buffer with minimum data length in Node-B FIFO is measured. This value makes it possible to have a better fairness for the packet delivery process. Source UE with already full buffer with a high probability receives a high credit value. 
The Enhanced UL DCH should permit use of such packet scheduling strategies to enable provision of better QoS control and fairness as well as for example capacity and spectral efficiency.  Therefore addition of appropriate L1 signaling to support the transfer of scheduling credit value from Node B to UE is proposed. Consequently, suitable text proposal for inclusion in TR 25.896v1.0.0 is attached in Annex A for approval.      
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Annex A:  Text Proposal

The following text is proposed for Section 7.1.2.5.1 of TR25.896 v1.0.0.

7.1.2.5.1
L1 Signalling

Two new L1 messages are introduced in order to enable fast time and rate control between the Node B and the UE.

· Scheduling Information Update (SI), sent in the uplink by the UE to the Node B. With the SI the UE can provide the Node B buffer occupancy and rate or power information so its scheduler(s) can maintain fairness and determine the UEs TFCS indicator and appropriate transmission time interval.

· Scheduling Assignment or Grant (SA), sent in the downlink by the Node B to the UE.  With SA, the Node B can set the TFCS indicator and subsequent transmission start time(s) and time interval(s) to be used by the UE.

· Scheduling Credit Value (SCV), sent in the downlink by Node B to the UE.  With SCV, the NodeB has extra flexibility to achieve better UL congestion control and scheduling fairness.  Using SCV, the Node B can provide for example an indication of relative QoS achieved to the destination and relative buffer occupancy in UE.   
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