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1 Introduction

Latency reduction Study Item had been approved in the RAN plenary #69 meeting [1]. One of the objectives is specifying shorten TTI operation to reduce latency and improve TCP throughput. In RAN1#83, WF on evaluation methodology for latency reduction [2] was agreed. In RAN1#84, WF on simulation results and methodology [3] was agreed.
In this contribution, we provide performance evaluation results for fast link adaptation in different TTI length, as well as many observations and proposal.
2 Evaluation on CSI feedback 

Simulation assumptions can be found in the Table 1 and Table 2 of Annex A, and there are three following simulation cases for comparison while assuming that CSI reporting time is TTI n:

· Case A: CSI reporting period = 5*TTI, CSI measurement reference resource is located in the (n- 4* TTI).
· Case B: CSI reporting period = 5ms, CSI measurement reference resource is located in the (n- 4* TTI).
· Case C: CSI reporting period = 5ms, CSI measurement reference resource is located in the (n- 4ms).
 It is worth mentioning that combination of short CSI reporting period and long CSI measurement interval is not considered here, since the same CSI measurement result is reported in multiple short CSI reporting times which doesn’t help TUP and spectrum efficiency much.

The Table 3 - Table 8 in Annex B provide the absolute value of UPT and delay while the TTI length of CSI feedback is 14 symbols, 7 symbols I, 4 or 3 symbols, 2 symbols and 1 symbol, considering CN delay is 0 and 6ms, FTP file size is 100KB, UE speed is 60km/h and RU is about 20% and 75%.
Table 9-Table 12 in Annex C show the two following kinds of UPT/Delay gain:
· The UPT or Delay gain from both short CSI reporting period and short CSI measurement interval= (A-C)/C.
· The UPT or Delay gain from short CSI measurement interval = (B-C)/C.
In above formula, A is the absolute UPT or delay value in Case A, B is the absolute UPT or delay value in Case B and C is the absolute UPT or delay value in Case C.
Figure 1 and Figure 2 illustrate UPT gain of fast link adaptation when CN delay is 0ms and 6ms, while the TTI length of CSI feedback is 14 symbols, 7 symbols, 4 or 3 symbols, 2 symbols and 1 symbol, assuming  FTP file size is 100KB, UE speed is 60km/h  and  RU is about 20% and 75%..  
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    (a) UPT gain of short reporting period and                 (b) UPT gain of short measurement interval 

       short measurement interval                                          
Figure 1 UPT gain of fast link adaptation when CN delay is 0ms 
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      (a) UPT gain of short reporting period and                 (b) UPT gain of short measurement interval
                short measurement interval                                            

Figure 2 UPT gain of fast link adaptation when CN delay is 6ms 
Based on Figure 1and Figure 2, there are the following observations:

Observation 1: UPT gain of fast link adaptation in high RU is larger than that in low RU.
Observation 2:  UPT gain of both short CSI measurement interval and short CSI reporting period is significant and larger than that of short CSI measurement interval and long CSI reporting period.
Regarding observation 1, it is because that short CSI measurement interval and short CSI reporting period can ensure timely channel information reporting while the interference in each short TTI is dynamically varied when RU is high.
It can also be observed that the fast link adaptation for cell-edge UEs is significant regardless of CN delay or 6ms CN delay.
Based on above discussion and observations, we have the following proposal:
Proposal 1: Fast CSI feedback with short measurement interval and reporting period should be considered in short TTI.
3 Conclusions
In this contribution, we provide the fast link adaption performance results of short TTI. Based on the simulation results, we have the following observations:
Observation 1: UPT gain of fast link adaptation in high RU is larger than that in low RU.
Observation 2:  UPT gain of both short CSI measurement interval and short CSI reporting period is significant and larger than that of short CSI measurement interval and long CSI reporting period.
Based on the above observations, we have the following proposal:
Proposal 1: Fast CSI feedback with short measurement interval and reporting period should be considered in short TTI.
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Annex A

Table 1. Simulation assumptions
	Parameter
	Values used for evaluation

	Layout
	19 Macro eNBs can be used, 3 sectors per site; 

	System bandwidth per carrier 
	20MHz 

	Carrier frequency 
	2GHz 

	Inter-site distance 
	500m 

	Total BS TX power (Ptotal per carrier) 
	46dBm 

	TTI length 
	1/2/4 or 3/7/14 symbols; 

	Fast UL Access schemes 
	No

	RS and control signaling overhead 
	20MHz : 14.29% (14 symbols), 15.14% (7 symbols), 16.86% (4 or 3 symbols), 19.43% (2 symbols), 25.43% (1 symbol)

	TBS determination 
	Scalable with TTI length as baseline 

	HARQ RTT 
	Scalable with TTI length as baseline;

	Scheduler 
	Proportional fairness 

	Distance-dependent path loss 
	ITU UMa[referring to Table B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE 

	Penetration 
	For outdoor UEs: 0dB 

	Shadowing 
	For indoor UEs: 20dB+0.5din (din: independent uniform random value between [ 0, min(25,d) ] for each link) 

	Antenna pattern 
	3D, referring to TR36.819 

	Antenna Height: 
	25m 

	UE antenna Height 
	1.5m 

	Antenna gain + connector loss 
	17 dBi 

	Antenna gain of UE 
	0 dBi 

	Fast fading channel between eNB and UE 
	ITU UMa according to Table A.1-1 of 36.819 

	Antenna configuration 
	2Tx(eNB), 2Rx(UE), Cross-polarized 

	Number of UEs 
	10 UEs per macro cell for FTP model 3 

	UE dropping 
	Randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor. 

	Traffic model 
	FTP model 3 

File size [100KB] 

RU [20%, 75%] 

	CSI report period 
	according to simulation

	TCP models
	TCP Reno model (RFC 2581)
 - SSThresh 65535 Bytes
 - Initial window size 1460 Bytes
 - Max segment size 1460 Bytes

40 Bytes TCP header are added to the initial window size and max segment size

The three way handshake is not modeled.

TCP ACK feedback modeling is based on real scheduling

	UE receiver
	MMSE-IRC 

	eNB noise figure 
	5dB 

	UL antenna configuration 
	2Rx(eNB), 1Tx(UE) 

	UE noise figure
	9dB

	UE speed
	60km/h 

	Duplex mode 
	FDD 

	Network synchronization
	Synchronized

	Core, transport and internet network delay
	0ms, 6ms 

	Performance metrics
	Mean, 5%, 50% and 95% user perceived throughput
Mean, 5%, 50% and 95% user packet delay
· User perceived throughput (UPT) is the average of all its file throughputs 

· File throughput = file size/time needed to download the file 

· Time needed to download the file starts when the packet is generated, and ends when the last bit of the packet is correctly delivered to the receiver, the network delay (core, transport and internet network delay) is included here 
· User packet delay is the average of all its file delays

· File delay is the time needed to download the file as described above

· Unfinished files are not incorporated in the UPT and user packet delay calculation. 


Table 2. TCP and FTP model
	Parameter
	Assumption

	Initial window size
	1460 Bytes

	MSS
	1460 Bytes

	TCP/IP overhead
	40 Bytes

	ssthresh
	65535 Bytes

	FTP traffic model
	Model 3 

	File size / 

arrival rate λ
	12.5 KB (100kbits), 25KB, 50KB, 62.5KB, 65KB, 67.5KB, 70KB, 75KB, 100KB, 500KB
Arrival rate λ is determined by the same amount of traffic in simulation time

	Persist Timer
	1 second

	three way handshake
	No.

	FTP file transmission time
	from the FTP file generation to UE correctly receives the last bit of the file, thus the time of UE sends the last TCP-ACK packet or the last HARQ-ACKs isn’t included


Annex B
Case  A
Table 3. Case A, CN delay=0ms and FTP file size is 100KB
	 

Reported parameters 

	Low load 

RU range for legacy TTI: 10%~25% 
	High load 

RU range for legacy TTI: above 75% 

	
	14 OS 
	7OS 
	3/4OS 
	2OS 
	1OS 
	14 OS 
	7OS 
	3/4 OS 
	2OS 
	1OS 

	DL:

UPT CDF

[Mbps] 
	5% 
	5.97 
	11.85 
	15.74 
	18.73 
	17.72 
	0.71 
	1.81 
	3.31 
	4.63 
	2.86 

	
	50% 
	19.51 
	38.10 
	50.02 
	53.85 
	49.34 
	7.08 
	20.78 
	24.53 
	28.14 
	23.78 

	
	95% 
	44.44 
	72.73 
	74.18 
	71.80 
	65.89 
	29.63 
	57.14 
	66.33 
	70.00 
	63.28 

	
	Mean 
	20.94 
	39.62 
	48.61 
	51.08 
	47.11 
	9.99 
	23.80 
	28.16 
	31.19 
	27.06 

	DL:

Delay CDF

[s] 
	5% 
	0.1340 
	0.0675 
	0.0509 
	0.0427 
	0.0451 
	1.1300 
	0.4400 
	0.2595 
	0.1721 
	0.2801 

	
	50% 
	0.0410 
	0.0210 
	0.0160 
	0.0149 
	0.0162 
	0.1130 
	0.0385 
	0.0328 
	0.0284 
	0.0336 

	
	95% 
	0.0180 
	0.0110 
	0.0108 
	0.0111 
	0.0121 
	0.0270 
	0.0140 
	0.0121 
	0.0114 
	0.0126 

	
	Mean 
	0.0586 
	0.0283 
	0.0217 
	0.0198 
	0.0214 
	0.2880 
	0.1240 
	0.0815 
	0.0576 
	0.0872 

	RU 
	0.22
	0.20 
	0.18 
	0.17 
	0.19 
	0.77
	0.70 
	0.63 
	0.56 
	0.63 

	𝜆 
	1.05
	2.1
	
	
	
	


Table 4. Case A, CN delay=6ms and FTP file size is 100KB
	 

Reported parameters 

	Low load 

RU range for legacy TTI: 10%~25% 
	High load 

RU range for legacy TTI: above 75% 

	
	14 OS 
	7OS 
	3/4OS 
	2OS 
	1OS 
	14 OS 
	7OS 
	3/4 OS 
	2OS 
	1OS 

	DL:

UPT CDF

[Mbps] 
	5% 
	3.74 
	5.97 
	9.08 
	14.85 
	14.27 
	0.61 
	1.28 
	2.71 
	3.45 
	2.37 

	
	50% 
	12.90 
	20.78 
	25.23 
	28.14 
	29.17 
	6.20 
	15.09 
	18.32 
	19.86 
	19.05 

	
	95% 
	21.62 
	27.59 
	31.48 
	33.14 
	34.04 
	18.18 
	25.81 
	29.34 
	31.46 
	32.28 

	
	Mean 
	12.08 
	19.45 
	23.74 
	26.70 
	27.30 
	7.55 
	14.24 
	17.19 
	18.84 
	18.40 

	DL:

Delay CDF

[s] 
	5% 
	0.2140 
	0.1340 
	0.0905 
	0.0537 
	0.0561 
	1.3070 
	0.6240 
	0.3136 
	0.2319 
	0.3368 

	
	50% 
	0.0620 
	0.0385 
	0.0317 
	0.0284 
	0.0274 
	0.1290 
	0.0530 
	0.0438 
	0.0403 
	0.0420 

	
	95% 
	0.0370 
	0.0290 
	0.0254 
	0.0241 
	0.0235 
	0.0440 
	0.0310 
	0.0273 
	0.0254 
	0.0248 

	
	Mean 
	0.0997 
	0.0513 
	0.0391 
	0.0325 
	0.0330 
	0.3184 
	0.1617 
	0.1081 
	0.0800 
	0.1027 

	RU 
	0.23
	0.21 
	0.20 
	0.18 
	0.20 
	0.77
	0.72 
	0.66 
	0.61 
	0.65 

	𝜆 
	1.05
	2.1
	
	
	
	


Case B
Table 5. Case B, CN delay=0ms and FTP file size is 100KB
	 

Reported parameters 

	Low load 

RU range for legacy TTI: 10%~25% 
	High load 

RU range for legacy TTI: above 75% 

	
	14 OS 
	7OS 
	3/4OS 
	2OS 
	1OS 
	14 OS 
	7OS 
	3/4 OS 
	2OS 
	1OS 

	DL:

UPT CDF

[Mbps] 
	5% 
	5.97 
	10.81 
	14.20 
	15.77 
	15.28 
	0.71 
	1.63 
	2.04 
	2.04 
	1.71 

	
	50% 
	19.51 
	36.36 
	46.28 
	49.56 
	45.71 
	7.08 
	20.00 
	21.96 
	22.67 
	21.25 

	
	95% 
	44.44 
	72.73 
	74.18 
	71.80 
	65.89 
	29.63 
	57.14 
	61.55 
	62.92 
	56.85 

	
	Mean 
	20.94 
	38.11 
	46.43 
	48.23 
	44.42 
	9.99 
	23.32 
	25.73 
	26.28 
	24.24 

	DL:

Delay CDF

[s] 
	5% 
	0.1340 
	0.0740 
	0.0563 
	0.0504 
	0.0524 
	1.1300 
	0.4910 
	0.3991 
	0.3914 
	0.4671 

	
	50% 
	0.0410 
	0.0220 
	0.0173 
	0.0161 
	0.0175 
	0.1130 
	0.0400 
	0.0364 
	0.0353 
	0.0376 

	
	95% 
	0.0180 
	0.0110 
	0.0108 
	0.0111 
	0.0121 
	0.0270 
	0.0140 
	0.0130 
	0.0127 
	0.0141 

	
	Mean 
	0.0586 
	0.0305 
	0.0233 
	0.0219 
	0.0232 
	0.2880 
	0.1422 
	0.1103 
	0.1137 
	0.1292 

	RU 
	0.22
	0.22 
	0.20 
	0.19 
	0.20 
	0.77
	0.72 
	0.69 
	0.68 
	0.72 

	𝜆
	1.05
	2.1
	
	
	
	


Table 6. Case B, CN delay=6ms and FTP file size is 100KB
	 

Reported parameters 

	Low load 

RU range for legacy TTI: 10%~25% 
	High load 

RU range for legacy TTI: above 75% 

	
	14 OS 
	7OS 
	3/4OS 
	2OS 
	1OS 
	14 OS 
	7OS 
	3/4 OS 
	2OS 
	1OS 

	DL:

UPT CDF

[Mbps] 
	5% 
	5.97 
	10.81 
	14.20 
	15.77 
	15.28 
	0.71 
	1.63 
	2.04 
	2.04 
	1.71 

	
	50% 
	19.51 
	36.36 
	46.28 
	49.56 
	45.71 
	7.08 
	20.00 
	21.96 
	22.67 
	21.25 

	
	95% 
	44.44 
	72.73 
	74.18 
	71.80 
	65.89 
	29.63 
	57.14 
	61.55 
	62.92 
	56.85 

	
	Mean 
	20.94 
	38.11 
	46.43 
	48.23 
	44.42 
	9.99 
	23.32 
	25.73 
	26.28 
	24.24 

	DL:

Delay CDF

[s] 
	5% 
	0.1340 
	0.0740 
	0.0563 
	0.0504 
	0.0524 
	1.1300 
	0.4910 
	0.3991 
	0.3914 
	0.4671 

	
	50% 
	0.0410 
	0.0220 
	0.0173 
	0.0161 
	0.0175 
	0.1130 
	0.0400 
	0.0364 
	0.0353 
	0.0376 

	
	95% 
	0.0180 
	0.0110 
	0.0108 
	0.0111 
	0.0121 
	0.0270 
	0.0140 
	0.0130 
	0.0127 
	0.0141 

	
	Mean 
	0.0586 
	0.0305 
	0.0233 
	0.0219 
	0.0232 
	0.2880 
	0.1422 
	0.1103 
	0.1137 
	0.1292 

	RU 
	0.22
	0.22 
	0.20 
	0.19 
	0.20 
	0.77
	0.72 
	0.69 
	0.68 
	0.72 

	𝜆 
	1.05
	2.1
	
	
	
	



Case C
Table 7. Case C, CN delay=0ms and FTP file size is 100KB
	 

Reported parameters 

	Low load 

RU range for legacy TTI: 10%~25% 
	High load 

RU range for legacy TTI: above 75% 

	
	14 OS 
	7OS 
	3/4OS 
	2OS 
	1OS 
	14 OS 
	7OS 
	3/4 OS 
	2OS 
	1OS 

	DL:

UPT CDF

[Mbps] 
	5% 
	5.97 
	10.60 
	13.19 
	13.19 
	14.41 
	0.71 
	1.21 
	1.41 
	1.64 
	1.08 

	
	50% 
	19.51 
	35.56 
	43.98 
	43.98 
	45.16 
	7.08 
	19.51 
	20.56 
	20.82 
	20.55 

	
	95% 
	44.44 
	72.73 
	74.18 
	74.18 
	65.89 
	29.63 
	57.14 
	59.90 
	58.95 
	55.72 

	
	Mean 
	20.94 
	37.96 
	44.72 
	44.72 
	43.93 
	9.99 
	22.79 
	24.45 
	24.70 
	23.52 

	DL:

Delay CDF

[s] 
	5% 
	0.1340 
	0.0750 
	0.0607 
	0.0607 
	0.0554 
	1.1300 
	0.6575 
	0.5705 
	0.4881 
	0.7361 

	
	50% 
	0.0410 
	0.0225 
	0.0182 
	0.0182 
	0.0177 
	0.1130 
	0.0410 
	0.0389 
	0.0384 
	0.0389 

	
	95% 
	0.0180 
	0.0110 
	0.0108 
	0.0108 
	0.0121 
	0.0270 
	0.0140 
	0.0134 
	0.0136 
	0.0144 

	
	Mean 
	0.0586 
	0.0308 
	0.0247 
	0.0247 
	0.0244 
	0.2880 
	0.1650 
	0.1503 
	0.1342 
	0.1799 

	RU 
	0.22
	0.22 
	0.21 
	0.20 
	0.21 
	0.77
	0.75
	0.74
	0.73
	0.75 

	𝜆 
	1.05
	2.1
	
	
	
	


Table 8. Case C, CN delay=6ms and FTP file size is 100KB
	 

Reported parameters 

	Low load 

RU range for legacy TTI: 10%~25% 
	High load 

RU range for legacy TTI: above 75% 

	
	14 OS 
	7OS 
	3/4OS 
	2OS 
	1OS 
	14 OS 
	7OS 
	3/4 OS 
	2OS 
	1OS 

	DL:

UPT CDF

[Mbps] 
	5% 
	3.74 
	5.99 
	8.29 
	11.48 
	11.05 
	0.61 
	0.98 
	1.38 
	1.18 
	1.20 

	
	50% 
	12.90 
	20.51 
	24.56 
	27.18 
	28.28 
	6.20 
	16.59 
	17.67 
	16.44 
	14.41 

	
	95% 
	21.62 
	27.59 
	31.48 
	33.14 
	34.04 
	18.18 
	31.55 
	30.77 
	28.96 
	25.81 

	
	Mean 
	12.08 
	19.14 
	23.01 
	25.45 
	25.94 
	7.55 
	16.47 
	16.83 
	15.76 
	13.75 

	DL:

Delay CDF

[s] 
	5% 
	0.2140 
	0.1330 
	0.0979 
	0.0696 
	0.0724 
	1.3070 
	0.8187 
	0.5774 
	0.6815 
	0.6665 

	
	50% 
	0.0620 
	0.0390 
	0.0326 
	0.0294 
	0.0283 
	0.1290 
	0.0482 
	0.0453 
	0.0487 
	0.0555 

	
	95% 
	0.0370 
	0.0290 
	0.0254 
	0.0241 
	0.0235 
	0.0440 
	0.0253 
	0.0260 
	0.0276 
	0.0310 

	
	Mean 
	0.0997 
	0.0520 
	0.0414 
	0.0362 
	0.0365 
	0.3184 
	0.1903 
	0.1558 
	0.1798 
	0.1891 

	RU 
	0.23
	0.22 
	0.22 
	0.21 
	0.23 
	0.77
	0.77 
	0.73 
	0.75 
	0.77 

	𝜆 
	1.05
	2.1
	
	
	
	


Annex C 
Gain of short CSI reporting period and short CSI measurement interval
Table 9. Gain of short CSI reporting period and short CSI measurement interval while CN delay=0ms and FTP file size is 100KB
	 

Reported parameters 

	Low load 

RU range for legacy TTI: 10%~25% 
	High load 

RU range for legacy TTI: above 75% 

	
	14 OS 
	7OS 
	3/4OS 
	2OS 
	1OS 
	14 OS 
	7OS 
	3/4 OS 
	2OS 
	1OS 

	DL:

UPT CDF

[Mbps] 
	5% 
	0%
	11.79%
	19.33%
	42.00%
	22.97%
	0%
	49.59%
	134.75%
	182.32%
	164.81%

	
	50% 
	0%
	7.14%
	13.73%
	22.44%
	9.26%
	0%
	6.51%
	19.31%
	35.16%
	15.72%

	
	95% 
	0%
	0.00%
	0.00%
	-3.21%
	0.00%
	0%
	0.00%
	10.73%
	18.74%
	13.57%

	
	Mean 
	0%
	4.37%
	8.70%
	14.22%
	7.24%
	0%
	4.43%
	15.17%
	26.28%
	15.05%

	DL:

Delay CDF

[s] 
	5% 
	0%
	-10.00%
	-16.14%
	-29.65%
	-18.59%
	0%
	-33.08%
	-54.51%
	-64.74%
	-61.95%

	
	50% 
	0%
	-6.67%
	-12.09%
	-18.13%
	-8.47%
	0%
	-6.10%
	-15.68%
	-26.04%
	-13.62%

	
	95% 
	0%
	0.00%
	0.00%
	2.78%
	0.00%
	0%
	0.00%
	-9.70%
	-16.18%
	-12.50%

	
	Mean 
	0%
	-8.12%
	-12.15%
	-19.84%
	-12.30%
	0%
	-24.85%
	-45.78%
	-57.08%
	-51.53%

	RU - Case C
	0.22
	0.22
	0.21
	0.2
	0.21
	0.77
	0.75
	0.74
	0.73
	0.75

	𝜆 
	1.05
	2.1
	
	
	
	


Table 10. Gain of short CSI reporting period and short CSI measurement interval while CN delay=6ms and FTP file size is 100KB
	 

Reported parameters 

	Low load 

RU range for legacy TTI: 10%~25% 
	High load 

RU range for legacy TTI: above 75% 

	
	14 OS 
	7OS 
	3/4OS 
	2OS 
	1OS 
	14 OS 
	7OS 
	3/4 OS 
	2OS 
	1OS 

	DL:

UPT CDF

[Mbps] 
	5% 
	0%
	-0.33%
	9.53%
	29.36%
	29.14%
	0%
	30.61%
	96.38%
	192.37%
	97.50%

	
	50% 
	0%
	1.32%
	2.73%
	3.53%
	3.15%
	0%
	-9.04%
	3.68%
	20.80%
	32.20%

	
	95% 
	0%
	0.00%
	0.00%
	0.00%
	0.00%
	0%
	-18.19%
	-4.65%
	8.63%
	25.07%

	
	Mean 
	0%
	1.62%
	3.17%
	4.91%
	5.24%
	0%
	-13.54%
	2.14%
	19.54%
	33.82%

	DL:

Delay CDF

[s] 
	5% 
	0%
	0.75%
	-7.56%
	-22.84%
	-22.51%
	0%
	-23.78%
	-45.69%
	-65.97%
	-49.47%

	
	50% 
	0%
	-1.28%
	-2.76%
	-3.40%
	-3.18%
	0%
	9.96%
	-3.31%
	-17.25%
	-24.32%

	
	95% 
	0%
	0.00%
	0.00%
	0.00%
	0.00%
	0%
	22.53%
	5.00%
	-7.97%
	-20.00%

	
	Mean 
	0%
	-1.35%
	-5.56%
	-10.22%
	-9.59%
	0%
	-15.03%
	-30.62%
	-55.51%
	-45.69%

	RU- Case C  
	0.23
	0.22
	0.22
	0.21
	0.23
	0.77
	0.77
	0.73
	0.75
	0.77

	𝜆 
	1.05
	2.1
	
	
	
	


Gain of short CSI measurement interval and long CSI reporting period
Table 11. Gain of short CSI measurement interval while CN delay=0ms and FTP file size is 100KB
	 

Reported parameters 

	Low load 

RU range for legacy TTI: 10%~25% 
	High load 

RU range for legacy TTI: above 75% 

	
	14 OS 
	7OS 
	3/4OS 
	2OS 
	1OS 
	14 OS 
	7OS 
	3/4 OS 
	2OS 
	1OS 

	DL:

UPT CDF

[Mbps] 
	5% 
	0%
	1.98%
	7.66%
	19.56%
	6.04%
	0%
	34.71%
	44.68%
	24.39%
	58.33%

	
	50% 
	0%
	2.25%
	5.23%
	12.69%
	1.22%
	0%
	2.51%
	6.81%
	8.89%
	3.41%

	
	95% 
	0%
	0.00%
	0.00%
	-3.21%
	0.00%
	0%
	0.00%
	2.75%
	6.73%
	2.03%

	
	Mean 
	0%
	0.40%
	3.82%
	7.85%
	1.12%
	0%
	2.33%
	5.24%
	6.40%
	3.06%

	DL:

Delay CDF

[s] 
	5% 
	0%
	-1.33%
	-7.25%
	-16.97%
	-5.42%
	0%
	-25.32%
	-30.04%
	-19.81%
	-36.54%

	
	50% 
	0%
	-2.22%
	-4.95%
	-11.54%
	-1.13%
	0%
	-2.44%
	-6.43%
	-8.07%
	-3.34%

	
	95% 
	0%
	0.00%
	0.00%
	2.78%
	0.00%
	0%
	0.00%
	-2.99%
	-6.62%
	-2.08%

	
	Mean 
	0%
	-0.97%
	-5.67%
	-11.34%
	-4.92%
	0%
	-13.82%
	-26.61%
	-15.28%
	-28.18%

	RU - Case C
	0.22
	0.22
	0.21
	0.2
	0.21
	0.77
	0.75
	0.74
	0.73
	0.75

	𝜆 
	1.05
	2.1
	
	
	
	


Table 12. Gain of short CSI reporting while CN delay=6ms and FTP file size is 100KB

	 

Reported parameters 

	Low load 

RU range for legacy TTI: 10%~25% 
	High load 

RU range for legacy TTI: above 75% 

	
	14 OS 
	7OS 
	3/4OS 
	2OS 
	1OS 
	14 OS 
	7OS 
	3/4 OS 
	2OS 
	1OS 

	DL:

UPT CDF

[Mbps] 
	5% 
	0%
	-1.50%
	7.12%
	3.31%
	8.78%
	0%
	18.37%
	21.01%
	59.32%
	34.17%

	
	50% 
	0%
	0.00%
	1.75%
	-0.48%
	-0.25%
	0%
	-10.73%
	-2.66%
	10.22%
	22.97%

	
	95% 
	0%
	0.00%
	0.00%
	0.00%
	0.00%
	0%
	-18.19%
	-5.88%
	6.84%
	23.29%

	
	Mean 
	0%
	0.16%
	1.69%
	-0.04%
	1.31%
	0%
	-15.12%
	-3.45%
	9.77%
	25.38%

	DL:

Delay CDF

[s] 
	5% 
	0%
	1.88%
	-6.74%
	-3.16%
	-8.01%
	0%
	-15.90%
	-17.18%
	-37.77%
	-25.27%

	
	50% 
	0%
	0.00%
	-1.53%
	0.68%
	0.35%
	0%
	12.03%
	2.65%
	-9.45%
	-18.74%

	
	95% 
	0%
	0.00%
	0.00%
	0.00%
	0.00%
	0%
	22.53%
	6.15%
	-6.16%
	-19.03%

	
	Mean 
	0%
	0.58%
	-3.38%
	-1.93%
	-3.29%
	0%
	-10.35%
	-7.51%
	-21.97%
	-26.34%

	RU- Case C 
	0.23
	0.22
	0.22
	0.21
	0.23
	0.77
	0.77
	0.73
	0.75
	0.77

	𝜆 
	1.05
	2.1
	
	
	
	


