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1. Introduction

Regarding UL Scheduling in E-UTRAN, the following two approaches are indicated in [1].

· buffer-blind approach

· buffer-aware approach

It is a working assumption in Stage 2 specification [2] (See 11.3 Measureements to Support Scheduler Operation) that above buffer-aware approach relies on “Buffer Status Report” notified by UE to ENB.

In Stage 3, Content of Scheduling Information is one of open issues related to the E-UTRA MAC protocol specification [7] (See SI01).

We would like to propose a new complementary scheme named as “Segmentation-aware approach”, in order that UL MAC Scheduler may decide the best UE for allocating UL resources first. This approach relies on a new report named as “Segmentation Status Report” notified to eNB by UE, which is defined as a new content  of scheduling information in order to optimize buffer-aware approach based on Buffer Status Report.

2. What is Segmentation-aware approach?

2.1 Segmentation problem

In a famous internet traffic analysys study [3], the following characteristic regarding packet size is observed.

There is a predominance of small packets, with peaks at the common size of 44, 552, 576 and 1500bytes

In E-DCH case, it is speficifed that the range of TB size of 2msec TTI is from 120 to 11484 bits or from 120 to 11478 bits.[4]. 

The Transport Block Size Table for UL SCH is still FFS, and assuming the minimum TB size of UL SCH (1msec TTI) is 60bits (half of the minimum TB size of E-DCH), the above typical size packets shall be segmented as the Table 1 by an easy calculation without any L2 overhead. 

Table 1: # of transmission in case that TB size is mimimum
	Packet Size (bytes)
	# of transmission

	44
	6

	552
	74

	576
	77

	1500
	200


Considering the minimum TB size as a TB size satisfied with the required BLER at the cell edge, 1500bytes IP packet shall be segmented into 200 pieces of RLC PDU at the cell edge to be sent from UE to Node B. If one of these segmented RLC PDUs is lost, the original IP packet cannot be re-assembled. It means that the radio resources used when sending the other RLC PDUs received by Node B successfully are consumed in vain. 

Therefore, it is important to utilize RLC PDU(s) received by Node B successfully as much as possible. In order to secure IP packet level QoS, segmentation should be taken into account, especially for UE at the cell edge. 

2.2 Our proposal

Segmentation aware approach, which we propose, is shown below.
1. UE RLC entity notifies the ratio of RLC PDU(s) received successfully by eNB for each segmented RLC SDU to UE MAC entity. 

2. UE MAC entity builds Segmentation Status Report, to be sent to eNB MAC entity.

3. UL MAC Scheduler located in eNB decides the best UE for allocating UL resources first by considering Segmentation Status Reports sent from each UE. 

[What is reported]

The content of Segmentation Status Report is shown in Table 2. Segmentation Status Report contains;

SS1: amount of RLC PDU(s) received successfully by eNB for segmented RLC SDU(s),

SS2: size of the target RLC SDU(s) , and

SS3: remaining time until the target RLC SDU(s) is discard  (*1).

*1: only applicable for Transmission RLC discard =Timer based discard
Table 2: Contents of Segmentation Status Report
	Index
	SS1 Value (%)
	
	Index
	SS2 Value (bytes)
	
	Index
	SS3 Value (msec)

	0
	No Segmentation
	
	0
	0 < SS2 ≤ 100
	
	0
	0 < SS3 ≤ 100

	1
	SS1 = 0
	
	1
	100 < SS2 ≤ 200
	
	1
	100 < SS3 ≤ 250

	2
	0 < SS1 ≤ 10
	
	2
	200 < SS2 ≤ 300
	
	2
	250 < SS3 ≤ 500

	3
	10 < SS1 ≤ 20
	
	3
	300 < SS2 ≤ 400
	
	3
	500 < SS3 ≤ 750

	4
	20 < SS1 ≤ 30
	
	4
	400 < SS2 ≤ 500
	
	4
	750 < SS3 ≤ 1000

	5
	30 < SS1 ≤ 40
	
	5
	500 < SS2 ≤ 600
	
	5
	1000 < SS3 ≤ 1250

	6
	40 < SS1 ≤ 50
	
	6
	600 < SS2 ≤ 700
	
	6
	1250 < SS3 ≤ 1500

	7
	50 < SS1 ≤ 60
	
	7
	700 < SS2 ≤ 800
	
	7
	1500 < SS3 ≤ 1750

	8
	60 < SS1 ≤ 70
	
	8
	800 < SS2 ≤ 900
	
	8
	1750 < SS3 ≤ 2000

	9
	70 < SS1 ≤ 80
	
	9
	900 < SS2 ≤ 1000
	
	9
	2000 < SS3 ≤ 2500

	10
	80 < SS1 ≤ 90
	
	10
	1000 < SS2 ≤ 1100
	
	10
	2500 < SS3 ≤ 3000

	11
	90 < SS1
	
	11
	1100 < SS2 ≤ 1200
	
	11
	3000 < SS3 ≤ 3500

	
	
	
	12
	1200 < SS2 ≤ 1300
	
	12
	3500 < SS3 ≤ 4000

	
	
	
	13
	1300 < SS2 ≤ 1400
	
	13
	4000< SS3 ≤ 4500

	
	
	
	14
	1400 < SS2
	
	14
	 4500 < SS3 ≤ 5000

	
	
	
	
	
	
	15
	 5000 < SS3 ≤ 7500


UL MAC Scheduler decides the best UE for allocating UL resources first by considering the following measurements calculated by eNB MAC from SS1, SS2 and SS3 reported by Segmentation Status Report along with Buffer Status Report.

Measurement1：
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Measurement3：
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[How UL MAC Schduler works]
Figure 1 depicts how the UL Scheduling operation works using Segmentation Status report. (Please note that there is no difference in the SS2 value and SS3 value between UE1 and UE2 for brief explanation.) 

By the way, in order to avoid buffer overflow, R6 RLC has SDU discard function [5]. This function has two types of Transmission SDU discard mode, one is ”Timer based discard” and another is ”Retransmission based discard”.In case that SDU discard mode is set as Timer based discard, a RLC SDU shall be discarded when a timer started at  the arrival of  the RLC SDU is expired if all of RLC PDU(s) generated from the RLC SDU are not yet successfully received by RNC. In R6 RRC, the range of the discard timer is from 100 to 7500msec [6]

In case that Transmission SDU discard mode is set as Timer based discard, Segmentation Status Report can reduce the possibility of packet loss caused by discard function, to utilize RLC PDU(s) received by Node B successfully as much as possible. In this case, both Measurement1 and Measurement3, derived from Segmentation Status Report, are key parameters. In order to reassemble incomplete set of RLC PDU(s) received by eNB successfully, UL MAC Scheduler can allocate UL radio resources for the segmented RLC SDU remaining at UE to the best UE first by considering both Measurement1 and Measurement3 before discard timer in UE expires. 

In Figure 1, in case that there is no difference in SS2 value and SS3 value between UE1 and UE2, and UE1’s SS1 value is greater than UE2’s SS2 value, UL MAC Scheduler can select UE1 as the best UE by applying a rule to prioritize a UE with the greatest Measurement1 in case that there is no difference in Measurement3 among UEs. In this example, this operation can allow to utilize UE1’s RLC PDU(s) received by eNB successfully.
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Figure 1: How UL MAC Schduler works by using Segmentation Status Report
On the other hand, in case that Transmission SDU discard mode is set as Retransmission based discard, that is SS3 is not notified from UE to eNB, Segmentation Status report can be used to transfer RLC SDU to upper layer early by applying a rule to prioritize a UE with the greatest Measurement2, to realize carefull QoS control for RLC SDU.

[How to signal]
Of course, eNB RLC entity can also know Measurement1 autonomously, and this information could be provided to eNB MAC, without help of UE. But eNB RLC has no knowledge of Meausrement2 and Measurement3. In addition, performance of UL MAC scheduler will be enhanced from shortened control delay, if Segmentation Status Report is available as MAC control PDU. Thus, we prefer that Segmentation Status Report be specified as MAC control  PDU.
Moreover, regarding Segmentation Status Report, the following points are for futher study. 

Report timing: On-demand, periodic, event-triggered, always piggybacked

Report unit: for each RB, for each RB group, for all of UE (Please note that SS2 in Table 2 is an example in case of ”for each RB”)

Report granuallity: proportional division, division considering characteristic of packet size

3. Simulation Results

In order to show the effectiveness of Segmentation Aware Scheduler (SAS) by using Segmentation Status Report, we compare SAS with Round Robin (RR). In this simulation, SAS is based on very simple rule to prioritize a UE with the greatest Measurement1.

Simulation Assumption can be found in Annex. Please note that this assumption includes the following topics.

Traffic Model: in order that our approach can optimize Buffer-aware approach, this traffic model implies that the amount of occupied buffer reported by every UE is same. In this assumption Buffer-aware approach works as RR.

Discard Timer: Medium(~250ms)  is adopted as Discard Timer according to  L2 Packet Delay Budget specified in [8].

Figure 2 shows RLC PDU Level throuhput comparison between RR and SAS.

We observe that a slight overhead to send Segmentation Status Report to eNB in SAS shall degrade RLC PDU Level throuput in comparison with RR. 
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Figure 2: RLC PDU Level Throuhput comparison

Figure 3 shows RLC SDU Level throuhput comparison between RR and SAS.

We observe that Segmentation Status Report in SAS shall restrain degradation caused by unexpected packet discard in comparison with RR. 
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Figure 3: RLC SDU Level Throuhput comparison
4. Conclusion

In this contribution,

· We introduce Segmentation Aware Approach in order to optimize Buffer Aware Approach.
· We define Segmentation Status Report, which shall realize Segmentation Aware Approach, as one of contents of Scheduling Information.
· Our simulation results show that a simple Segmentation Aware Scheduler overcomes Round Robin.
We would welcome if RAN2 could:

1) Discuss the content of Scheduling Information at this stage further in order to optimize Buffer Aware Approach;

2) Agree on specifying Segmentation Status Report as a one of MAC Control PDU;
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6. Annex A: Simulation Assumption

Table 3: Basic parameters
	Parameter
	Assumption

	Frequency
	2GHz 

	System bandwidth
	5MHz

	Sub-carrier bandwidth
	15kHz

	Resource Block bandwidth
	180kHz (25RUs in 5MHz)

	Sub Frame length (TTI)
	1.0ms

	Number of UE
	20 (Circular allocation, which means same path loss）

	Shadowing
	Nothing

	Fading
	6 ray TU (added from all(19cell *3sector) sectors)

	Maximum Doppler Frequency
	5.56Hz

	Traffic model
	Offered Load = 0.5~4 Mb/s/sector
packet size = 1500byte (12000bit)

packet inter arrival time = constant

	Maximum HARQ retry number
	7

	Scheduling delay
	1.75TTI (1.75ms)

	Feedback delay
	2.0TTI (2.0ms)

	Transport Block Size
	1800bit 

	Discard timer
	250ms

	Simulation duration
	1min

	PacketSize/Transport BlockSize=TTI where the whole segmented packet is transmitted.

12000bit/1800bit=7TTI

Number of UE is 20, so that one round is 140ms.


Table 4: Segmentation Status Report specific parameters
	Parameter
	Assumption

	Report timing
	always piggy-backed

	Report unit
	for each RB

	Report granularity
	same as Table 2
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