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1. Introduction
LTE and LTE-advanced systems provide much higher data transmission rate and spectral efficiency in the physical layer. However, from the viewpoint of operators, improving end users’ satisfaction is also a very important issue. If eNBs have knowledge of the end users’ satisfaction and take it into account in the packet scheduling, much higher end users’ satisfaction could be provided to the end users. However, such knowledge or information which represents end users’ satisfaction can not be exchanged between eNBs and UEs in LTE Rel.8. In this contribution, we consider end users’ satisfaction improvement and show an example on how to realize it. We would like RAN WG2 to approve to discuss this topic.
2. Consideration for end users’ satisfaction improvement
For those end users who want to download a large-size file or browse a website, end users’ satisfaction depends on how long it will take to complete the download or start the browse after clicking the button. Basing on the popular proportional fairness packet scheduling (PFPS), which aims to obtain the fairness over end users, end users will experience a similar download or browse time as shown in the left side of Figure 1. This might cause deterioration in the end users’ satisfactions. On the other hand, when an approach considering the end user’s satisfaction is adopted in the packet scheduling (for example, multi-layer optimization packet scheduling (MLOPS) [1-3] of which details are shown in APPENDIX), end users’ satisfaction will be improved as shown in the right side of Figure 1.
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Figure 1:  Example on improvement in the end user’s satisfaction
3. An example on improving end uses’ satisfaction
To provide a higher end users’ satisfaction as illustrated in Figure 1, we proposed an approach in [1~3], which utilizes higher layers’ statistics such as TCP throughput and TCP delayed ACK timer in the packet scheduling. Here, those statistics need to be gathered from the UE sides by using some layers signaling. We propose to provide them via the RRC layer to eNBs. More details on this approach are given in APPENDIX.
4. Conclusion
  We propose to consider the end users’ satisfaction improvement in LTE Rle.9 in this contribution. We would like RAN WG2 to approve to discuss on this topic.
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APPENDIX A: Multi-layer optimization packet scheduling
A-1 Motivations and Objectives

It is expected for users to use various kinds of applications including real-time online game, VoIP, video phone, online banking and interactive TV entertainment over LTE and LTE-Advanced systems. Although those systems will give higher transmission rate, improvement in data transmission rate and spectral efficiency in the physical layer only is insufficient for increasing various users’ satisfaction. Hence, information in upper layers such as TCP shall also be taken into account in packet scheduling together with MAC and Physical layers’ information.
A-2 Proposed Approach: Multi-layer optimization packet scheduling


[image: image2.emf] 

Application   

Layer  

TCP   

Layer  

IP   

Layer  

Data Link   

Layer  

Physical   

Layer   

(  SC  -  FDMA   )  

IP   

Layer  

Data Link   

Layer  

Physical   

Layer   

(  OFDMA )  

UE  

eNB  

②  

 Multi   -  layer   

Optimazation  

①   TCP   information  

①  

 TCP   

informa tion  

IP  ,    App information  

PHY   

information  

TCP   

information  

③  

 Feedback  

End user  


Figure A-1. An illustration of the multi-layer optimization process

Figure A-1 illustrates an example of the information path in MLOPS. The procedures in MLOPS can be classified into 3 steps.
Step 1: The eNB collects knowledge on TCP layer, which are shown as follows:
1. Measured TCP throughput. 

        The TCP throughput is defined as in equation (1).
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where S is the received TCP data size during transmission time of the TCP data t0 and the receiving time of the TCP acknowledge corresponding to the TCP data t1 at the Packet Data Convergence Protocol (PDCP) sub layer of the transmitter. Therefore, for those downlink applications, the S, t0 and t1 are measured at PDCP sub layer of eNB whereas for those uplink applications, the S, t0 and t1 are measured at PDCP sub layer of UE. It is clear that only the measured TCP throughput corresponding to those uplink applications is needed to be carried over the air interface using the RRC scheme.

2. TCP delayed ACK timer. 

          The TCP delayed ACK timer, which depends on implementation of the TCP layer, should influence the transmission time of the TCP acknowledge at the receiver. The latency between t1 and t0 includes three components listed as follows:
I. Scheduling and transmission delay in downlink 

II. Scheduling and transmission delay in uplink

III. Latency between the receiving time of the TCP data and the transmission time of the TCP acknowledge to the TCP data at the receiver

Because the TCP delayed ACK timer corresponds to the maximum value of the third component, therefore with the knowledge of the TCP delayed ACK timer, the lower limit of the TCP throughput can be estimated.
Step 2: The eNB optimizes parameters in every layer by using evaluation metrics in various layers, which are defined from the knowledge collected at Step 1. Examples of evaluation metrics are as follows:
· Average throughput at TCP layer
· Average spectral efficiency at MAC/PHY layer

Step 3: The eNB feeds back the optimized parameters to each layer.
A-3 Evaluation Results
  Initial evaluations are done with parameters listed in Table I [4].
Table I Evaluation parameters

	Parameters
	Numerical Value

	NFFT
	1024

	MTU
	1500, 576 bytes

	Bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	UEs/sector
	12 UEs randomly allocated

	Application
	http

	the resource usable rate for TCP applications (0
	0.25, 0.5 and 0.75


 Gains in terms of the average system TCP throughput, which is defined as the summation of the end user’s average TCP throughput, are shown in Table II for different (0 (lower (0 means a higher traffic load except the TCP traffic). Table II shows that MLOPS provides a system TCP throughput improvement up to 27.3% compared to the PFPS.
Table II The average system TCP throughput

	(0
	Average system TCP

 throughput [kbps]
	Gain

	
	PFPS
	MLOPS
	

	0.25 
	1280.68
	1629.80
	27.3%

	0.5
	2641.24
	3466.42
	23.8%
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