[bookmark: _Ref452454252]3GPP TSG-RAN WG1 Meeting #85	R1-165238
Nanjing, China, 23rd - 27th May 2016	


Agenda item:		6.2.10.3
Source:	Nokia, Alcatel-Lucent Shanghai Bell 
Title:	System level study on processing time reduction and TCP parametrization impact
Document for:		Discussion and Decision
1. Introduction
Based on the outcome of RAN1#84bis, the following items have been agreed regarding processing time:
Agreement:
· If DL data transmission is scheduled in a short TTI, the processing time for preparing the HARQ feedback by UE and the processing time for preparing a potential retransmission by eNB are assumed to be reduced
· FFS: the extent of processing time reduction
· If UL data transmission is scheduled in a short TTI, the processing time for preparing UL data transmission upon UL grant reception at UE and the processing time for scheduling a potential retransmission by eNB are assumed to be reduced
· FFS: the extent of processing time reduction
· FFS whether processing time reductions can also be applied to legacy TTI transmissions for UEs that support short TTI

Shortening the TTI together with reduction of processing time play a key role in latency reduction. During RAN1 meetings #83-84b, companies mainly studied the shortening of sTTI and assumed that processing time is linearly reduced. Therefore, in this contribution we present the system-level evaluation results investigating the performance impact of RTT and UL access delay reduction rather than TTI shortening. Both RTT and UL access delay are directly related to the processing time reduction at UE and eNB side. In this paper we consider adaptive control overhead modeling agreed in RAN1 #84. In addition, we study the impact of slow-start threshold TCP parameter (ssthresh) on performance of sTTI.
2. System-level evaluation setup
The system simulations in this contribution are performed in 3GPP macro scenario. Key simulation parameters are compliant to [1], and are summarized in Appendix A Table A-1. 
Contrary to our previous contributions [3] and [4], where fixed non-adaptive overhead modeling was assumed, in this contribution we assume dynamic control overhead modeling. For each scheduled user, the smallest aggregation level that guarantees BLER<1% is selected. The SINR/CQI intervals for each aggregation level are summarized in Table-1. In addition to DL assignments, we model also transmission of UL grants in the sPDCCH region. Therefore, we double the size of each transmitted DL assignment. 
Table 1: Control overhead of single DL assignment as function of wideband CQI.
	MCS with wideband SINR
	QPSK 1/12
[-inf, -2.2)dB
	QPSK 1/3
[-2.2, 0.2)dB 
	QPSK 1/6
[-0.2, 4.2)dB
	QPSK 2/3
[4.2, inf)dB

	Aggregation level
	8
	4
	2
	1

	Num. of REs
	288
	144
	72
	36



We assume that the FTP traffic is transported using TCP, TCP connection with slow start is only called at the first file transmission of the user [2]. In slow start phase, two parameters: 
· ssthresh,which determines the ending of exponential increasing threshold, and 
· UL access delay, which includes the delay for scheduling request, UE processing time capability, reception of UL grant and SR waiting time,
have the most impact on UPT and packet delay. This is because slow start consists of exponential and linear increasing phases. The longer the time in exponential growth is, the shorter linear increasing phase will be. Similarly, UL access delay affects how fast eNB can receive TCP ACK from a UE. The faster TCP ACK allows eNB to transmit next packet earlier. Therefore, the impact of ssthresh, RTT reduction and UL access delay on user perceived throughput (UPT) and packet delay will be studied in this paper. 
In particular, we tackle the last FSS of the agreement (listed in the introduction) from the previous meeting. As discussed in our accompanying contribution [5], we believe that if processing time can be linearly scaled for 2-symbol sTTI, similar processing time (in ms) can be assumed as well for 7-symbol sTTI and legacy TTI. Therefore, we focus only on the performance of 7-symbol and legacy TTI in this contribution. 

3. System-level simulation results:
We benchmark different schemes with respect to following performance metric: 
· User Perceived Throughput, corresponding to the averaged throughput of one packet.
where the performance is benchmarked with respect to:
· Reduction of RTT and UL access delay based on processing capability, and different slow-start thresholds (ssthresh). 
Packet transmission delay, corresponding to the time needed to download one file, is inversely proportional to UPT (e.g., 5% UPT is inversely proportional to the 95% packet transmission delay). Therefore, in this contribution we will concentrate only on UPT.
To assess the impacts of UL access delay, RTT reduction and slow start threshold (ssthresh), we evaluate performance given different combinations of RTT and UL access delay in Table-2. In which the legacy processing time is assumed 3ms (decoding and preparing of transmission) for 1ms TTI length, and can be linearly scaled down to 1.5ms according to TTI length shortening, e.g., 7-symbol sTTI. As mentioned above, if the processing time can be linearly scaled for 2-symbol sTTI, similar processing time (in ms) can be assumed as well for 7-symbol sTTI and legacy TTI. Therefore, we evaluate the UPT performance of both legacy and 7-symbol sTTI based as well on this assumption, and observe the impact of TTI shortening along with further processing capability enhancement. 
It should be noted that to keep the same baseline comparison level (12 TTI/sTTI), also SR waiting time for 7-symbol case is linearly reduced from 5ms to 2.5ms in the following assumptions. UL access delay is estimated as  and RTT equals to. Please refer to our accompanying contribution [5] for more details.   
We have four combination sets of parameters under evaluation, which are shown in Table-1. Each combination set is evaluated for two different values of ssthresh (45*MSS, 150*MSS), lower ssthresh is based on agreed simulation assumption [1] while the higher ssthresh (150*MSS) is recommended in the newer versions of TCP (RFC5681). 


· Combination set No. 1 is the baseline for comparison. 
· We assume legacy N+4 procesing time requirement. For the 7-symbol TTI the processing time and SR waitting time is linearly scaled. Therefore, absolute processing time of 7-symbol TTI (1.5ms) is half compared to legacy TTI (3ms).   
· Combination set No. 2 is used for evaluating the impact of RTT reduction on UPT performance. 
· We asssume that absolute processing time is the same for both legacy and 7-symbol TTI (1.5ms). However, the SR waiting time is still half for 7-symbol TTI (2.5ms) compared to legacy TTI.
· Combination set No. 3 is used for evaluating the impact of UL access delay on UPT performance.
· We asssume that absolute processing time is the same for both legacy and 7-symbol TTI (1.5ms). And, the SR waiting time for both 7-symbol and legacy TTI is similar (0.5ms and 1ms).
· Combination set No. 4 is used for studying further processing time reduction impact on  UPT performance
· We further squeeze the processing capability from 1.5ms to 0.5ms for both legacy 1ms TTI and 7-symbol sTTI case and seek possible gains and observe the performance gap between legacy and sTTI ones in combination set No. 4. 
Complete results, including 5%-tile cell-edge UE, 50%-tile UE, 95%-tile UE and mean throughput, can be found in Appendix C Table C-1.
Table-1 Combination sets of parameters for evaluation.
	
	7-symbol sTTI
	14-symbol TTI

	
	ssthresh = 45 * MSS or 150 * MSS

	
	UL access delay
	RTT
	UL access delay
	RTT

	Combination Set No.1
	12 sTTI(6ms) 
1.5x2+0.5+2.5=6ms
SR waiting time: 2.5ms 
	8 sTTI (4ms)
 (1.5+0.5)x2=4ms
	12 TTI (12ms)
 (2x3)+1+5=12ms
SR waiting time: 5ms 
	8 TTI (8ms)
 (3+1)x2=8ms

	Combination Set No.2
	12 sTTI(6ms) 
 1.5x2+0.5+2.5ms=6ms
SR waiting time: 2.5ms  
	8 sTTI (4ms)
 (1.5+0.5)x2=4ms
	9 TTI (9ms)
1.5x2+1+5 = 9ms
SR waiting time: 5ms
	5 TTI (5ms)
 (1.5+1)x2=5ms

	Combination Set No.3
	8sTTI (4 ms)
 1.5x2+0.5+0.5=4 ms
SR waiting time: 0.5ms  
	8 sTTI (4ms)
 (1.5+0.5)x2=4ms
	5 TTI (5ms)
1.5x2+1+1 = 5ms
SR waiting time: 1ms
	5 TTI (5ms)
 (1.5+1)x2=5ms

	Combination Set No.4
	4 sTTI (2ms)
0.5x2+0.5+0.5=2ms
SR waiting time: 0.5ms  
	4 sTTI (2ms)
 (0.5+0.5)x2=2ms
	3 TTI (3ms)
0.5x2+1+1 = 3ms
SR waiting time: 1ms
	3 TTI (3ms)
 (0.5+1)x2= 3ms



Figure 1 provides SLS results, which study the impact of UL access delay and RTT on UPT performance at 5%-tile and mean UPT. The rows of Figure 1 show UPT performance comparison for Combination sets 1, 2 and 3 (from top to down) listed in Table-1.
For better illustration, we also summarized these UPT results, including relative gains, in Appendix B Table B-1 and Table B-2, respectively. 
[bookmark: _Ref450762880]
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Baseline: Combination set No. 1
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Baseline: Combination set No. 1
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RTT impact: Combination set No. 2
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RTT impact: Combination set No. 2
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UL access delay impact: Combination set No. 3
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UL access delay impact: Combination set No. 3


[bookmark: _Ref450909596]Figure 1 Impact of RTT and UL access delay [values in (s)TTI] reduction on packet throughput at 3kmph

Firstly, we will compare combination set No.3 to combination set No. 1 in Figure 1. When UL access delay for 7-symbol sTTI decreases from 6ms to 4ms, and for legacy TTI from 12ms to 5ms, performance of both 7-symbol sTTI and TTI shows significant improvement. And it is observed that sTTI has better performance than legacy TTI in all traffic loads with the same ssthresh setting. 
However, when the absolute UL access delay is reduced to similar number for both 7-symbol sTTI and legacy TTI (4 and 5 ms), the relative gain from 7-symbol sTTI decreases. This can be observed in Appendix B Table B-1, where for ssthresh=45*MSS,  
· [bookmark: _GoBack]the mean UPT gain of 7-symbol sTTI (UL access delay 4ms) over baseline legacy TTI (UL access delay 12ms, ssthresh=45*MSS) is 58%, while
· the mean UPT gain of legacy TTI (UL access delay 5ms) over baseline legacy TTI (UL access delay 12ms, ssthresh=45*MSS) is as much as 33%.   

Similarly, for ssthresh=150*MSS,
· the mean UPT gain of 7-symbol sTTI (UL access delay 4ms) over baseline legacy TTI (UL access delay 12ms, ssthresh=45*MSS) is 135%, while
· the mean UPT gain of legacy TTI (UL access delay 5ms) over baseline legacy TTI (UL access delay 12ms, ssthresh=45*MSS) is as much as 109%.   
When it comes to the RTT reduction that relies on the processing time in Figure 1 (row 2, combination set. No. 2), similar trend as for UL access delay can be observed. However, compared with the trend of UL access delay, less impact is observed for both relative and absolute gain over legacy TTI, and the result is given in Appendix B Table B-2.
Therefore, it seems that the majority of gain in slow start comes from reduced processing time rather than from TTI shortening.
Observation-1: The majority of performance gain in slow start comes from UL access delay reduced by processing time reduction, rather than from TTI shortening.
Observation-2: The portion of gain coming from TTI shortening is further reduced when higher slow-start threshold is set by TCP sender.
[bookmark: _Ref450900618]Furthermore, with assumption that processing time can be further decreased to 0.5ms (e.g., 2- symbol TTI processing capability) for both 7-symbol and legacy TTI, as is shown in Table-1 for Combination set No. 4, the UPT can be further significantly improved. In Figure 2 we also evaluate performance at 5%-tile and Mean UPT, and we vary the initial slow start threshold.  
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Enhanced processing time: Combination set No. 4
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Enhanced processing time: Combination set No. 4


[bookmark: _Ref450910268]Figure 2 Impact of further enhanced processing capacity (UL access delay/RTT is 3ms for legacy TTI and 2ms for 7-symbol sTTI) on packet throughput at 3kmph
[bookmark: _Ref447029274]As shown in Figure 2, higher processing capability reducing further both RTT and UL access delay can further significantly enhance the performance of both 7-symbol sTTI and legacy 1ms TTI. The performance of 7-symbol TTI still surpass that of legacy TTI in all traffic loads and ssthresh settings. However, when both absolute RTT and UL access delay are further reduced similarly for both 7-symbol and legacy TTI (2ms and 3ms), gain gap between 7-symbol TTI and legacy TTI further reduces and almost diminishes. 
Observation-3: When both absolute RTT and UL access delay are further reduced similarly for both 7-symbol and legacy TTI (2ms and 3ms), gain gap between 7-symbol TTI and legacy TTI further reduces and almost diminishes.
4. Summary
In this paper we studied the impact of processing time reduction on UPT performance, and we have shown that UPT can be significantly improved just by reducing the processing time, i.e. without shortening the TTI. We propose to include following observations in the latency reduction technical report:
Observation-1: The majority of performance gain in slow start comes from UL access delay reduced by processing time reduction, rather than from TTI shortening.
Observation-2: The portion of gain coming from TTI shortening is further reduced when higher slow-start threshold is set by TCP sender.
Observation-3: When both absolute RTT and UL access delay are further reduced similarly for both 7-symbol and legacy TTI (2ms and 3ms), gain gap between 7-symbol TTI and legacy TTI further reduces and almost diminishes.
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Appendix A: Simulation parameters
[bookmark: _Ref447021782]TableA-1 Simulation assumptions
	Parameter
	Assumption

	System bandwidth
	20 MHz

	Duplex mode
	FDD

	Carrier frequency
	2GHz

	Cell layout
	Hexagonal grid, 7 sites, 21 cells per site, with wrap-around

	Number of UEs per macro sector
	 10 (80% indoor, 20% outdoor) 

	Inter-site distance
	500m

	UE speed
	3 km/h, quasi-static model

	Antenna configuration
	2x2, cross-polarized

	Receiver DL
	LMMSE-IRC

	eNB TX power
	46 dBm

	eNB antenna height
	25 m

	Antenna pattern
	3D

	UE Tx power
	23 dBm

	UE antenna height
	1.5 m

	Channel model
	3D-UMa

	Pathloss model
	UMa, with 3D distance between eNB and UE

	Shadowing
	UMa, with 3D distance between eNB and UE 

	Penetration loss
	Outdoor UEs: 0 dB, Indoor UEs: 20 dB+0.5din

	CSI feedback period
	5 ms

	Feedback mode
	3-1

	CSI report delay
	6 ms

	Channel and interference estimation
	Ideal

	UL access delay
	12/6/3 TTIs/sTTIs

	HARQ RTT
	8/4/3 TTIs/sTTIs

	SR period waiting time 
	5/2.5/1/0.5 ms

	DRX
	Disabled

	Transport type
	TCP

	TCP ACKs
	Error-free

	Initial TCP Window
	3 x 1500 Bytes (MSS), RFC 5681, section 3.1

	Initial Ssthresh
	45/150 x 1500 Bytes (MSS)

	Ssthresh
	Dynamic according to RFC 5681, sections 3.1 and 3.2

	FTP file size
	0.5 MB

	User Packet arrival rate λ
	FTP model 3 with packet arrival according to Poisson process:
0.25, 0.5, 0.75

	Scheduler
	TD: PF, FD: PF

	Maximum number of scheduled users per TTI
	10 (max)

	L1 overhead
	CRS with dynamic number of CCEs according to Num. of scheduled UEs 

	Core network delay
	2 ms

	TTI Length 
	7-symbols, 14-symbols

	MCS
	QPSK, 16 QAM, 64 QAM

	Network synchronization
	Synchronous





Appendix B: RTT and UL Access Delay Comparison 
[bookmark: _Ref447021884]TableB-1 Mean Throughput in terms of UL access delay reduction impact (Combination set 1 and 3)
	
	14-OFDM symbol TTI
	7-OFDM symbol sTTI

	
	ssthresh: 45
	ssthresh: 150
	ssthresh: 45
	ssthresh: 150

	combination set
	UL access delay:12, RTT:8
	UL access delay:5, RTT:5
	UL access delay:12, RTT:8
	UL access delay:5, RTT:5
	UL access delay:12, RTT:8
	UL access delay:8, RTT:8
	UL access delay:12, RTT:8
	UL access delay:8, RTT:8

	Finished packet TP
Mbps
	24.688 
(0% reference)
	32.87
(33.14%)
	42.089 
(70.48%)
	51.681
(109%)
	36.945
(49.64%) 
	39.205
(58.8%)
	55.386
(124.3%)
	57.962
(134.8%)


[bookmark: _Ref446927350]
TableB-2 Mean Throughput in terms of RTT reduction impact (Combination set 1 and 2)
	
	14-OFDM symbol TTI
	7-OFDM symbol sTTI

	
	ssthresh: 45
	ssthresh: 150
	ssthresh: 45
	ssthresh: 150

	combination set
	UL access delay:12, RTT:8
	UL access delay:9, RTT:5
	UL access delay:12, RTT:8
	UL access delay:9, RTT:5
	UL access delay:12, RTT:8
	UL access delay:12, RTT:8
	UL access delay:12, RTT:8
	UL access delay:12, RTT:8

	Finished packet TP
Mbps
	24.688 
(0% reference)
	30.39
(25.04%)
	42.089 
(70.48%)
	48.32
(95.7%)
	36.945
(49.64%) 
	36.945
(49.64%) 
	55.386
(124.3%)
	55.386
(124.3%)




Appendix C:  
TableC-1 full result with 500kB file size
	

Reported parameters
	Low load
RU range for legacy TTI: about 13%~15%
	Medium load
RU range for legacy TTI: about 34%~38%
	High load
RU range for legacy TTI: about 56%~58%

	
	14OS
	7OS
	14OS
	7OS
	14OS
	7OS

	InitSSThresholdInMSS
	45
	150
	45
	150
	45
	150
	45
	150
	45
	150
	45
	150

	DL:
UPT CDF
[Mbps]
	5%
	13.795

	17.087
(23.86%)
	17.953
(30.14%)
	20.448
(19.67%)
	8.937 

	10.559 
(18.15%)
	10.470
(17.16%) 
	11.920 
(12.89%)
	5.798 

	6.143 
(5.95%)
	6.595 
(13.75%)
	7.276 
(18.45%)

	
	50%
	26.787

	37.956
(41.70%)
	41.436
(54.69%)
	55.108
(45.19%)
	23.271 

	31.750 
(36.43%)
	35.275
(51.58%) 
	44.825
(41.18%) 
	20.555 

	27.033 
(31.52%)
	30.350 
(47.66%)
	34.888 
(29.05%)

	
	95%
	47.939

	126.480
(163.83%)
	74.295
(54.98%)
	161.394
(27.60%)
	44.290 

	113.565 
(156.41%)
	69.773 
(57.54%)
	159.060 
(40.06%)
	42.410 

	101.250
(138.74%) 
	65.655 
(54.81%)
	138.295
(36.59%) 

	
	Mean
	29.090

	53.976
(85.55%)
	43.704
(50.24%)
	70.378
(30.39%)
	24.688 

	42.089 
(70.48%)
	36.945
(49.65%) 
	55.386
(31.59%) 
	21.512 

	34.170 
(58.84%)
	31.070 
(44.43%)
	43.941 
(28.60%)

	DL:
Delay CDF
[s]
	5%
	83.397

	31.620
(-62.08%)
	53.805
(-35.48%)
	24.761
(-21.69%)
	90.410 

	35.218 
(-61.05%)
	57.327
(-36.59%) 
	25.140 
(-28.62%)
	94.290 

	39.550 
(-58.05%)
	60.945 
(-35.36%)
	28.905 
(-26.92%)

	
	50%
	149.288

	105.440
(-29.37%)
	96.470
(-35.38%)
	72.550
(-31.19%)
	171.800 

	125.975 
(-26.67%)
	113.400 
(-33.99%)
	89.050 
(-29.31%)
	194.567 

	148.033 
(-23.92%)
	131.767 
(-32.28%)
	114.725 
(-22.50%)

	
	95%
	289.915

	234.140
(-19.24%)
	222.895
(-23.12%)
	195.053
(-16.69%)
	446.090 

	380.065
(-14.80%) 
	382.320 
(-14.30%)
	333.480 
(-12.26%)
	690.810 

	653.300 
(-5.43%)
	610.710 
(-11.60%)
	552.548 
(-15.42%)

	
	Mean
	163.475

	111.902
(-31.55%)
	127.660
(-21.91%)
	98.004
(-12.42%)
	206.952 

	155.288 
(-24.96%)
	152.708 
(-26.21%)
	126.006 
(-18.86%)
	263.808 

	218.613 
(-17.13%)
	207.076 
(-21.51%)
	182.045
(-16.73%) 

	RU
	0.151 

	0.137 
(-9.08%)
	0.141 
(-6.53%)
	0.130 
(-5.51%)
	0.381

	0.348 
(-8.84%)
	0.349 
(-8.41%)
	0.322
(-7.42%)
	0.584 

	0.560 
(-4.06%)
	0.569 
(-2.56%)
	0.546 
(-2.47%)

	𝜆
	0.25
	0.5
	0.75

	Notes:
	CN Delay=2ms; max scheduled users=10; For slot TTI and legacy TTI: UL access delay: 12 (s)TTI, RTT: 8 (s)TTI.
7-symbol- InitSSThresholdInMSS150 used 14-symbol- InitSSThresholdInMSS150 as a reference, others used 14-symbol- InitSSThresholdInMSS45 as a reference.


	
Reported parameters

	Low load
RU range for legacy TTI: about 13%~15%
	Medium load
RU range for legacy TTI: about 33%~38%
	High load
RU range for legacy TTI: about 55%~58%

	TTI length
UL access delay/RTT Unit: (s)TTI
	14OS
5/5
	7OS
8/8
	14OS
5/5
	7OS
8/8
	14OS
5/5
	7OS
8/8

	InitSSThresholdInMSS
	45
	150
	45
	150
	45
	150
	45
	150
	45
	150
	45
	150

	DL:
UPT CDF
[Mbps]
	5%
	17.272 
	19.485 
(12.81%
)
	18.043
(4.46%) 
	20.075
(3.03%) 
	10.413 
	12.553 
(20.56%
)
	11.52 
(10.64%)
	12.755
(1.61%) 
	6.054 
	6.655 
(9.93%
)
	6.763
(11.72%
) 
	7.270 
(9.24%
)

	
	50%
	37.183 
	50.395 
(35.53%)
	43.463
(16.89%) 
	57.438 
(13.97%)
	31.51 
	40.780
(29.42%
)
	37.55
(19.17%) 
	46.925
(15.07%) 
	27.367 
	32.05 
(17.11%
)
	32.067 
(17.17%
)
	36
(12.32%
) 

	
	95%
	66.146 
	152.110 
(129.96%)
	78.715
(19.00%) 
	162.361 
(6.74%)
	60.05 
	146.968 
(144.74%)
	75.06
(25.00%
) 
	161.367
(9.80%) 
	58 
	130.808
(125.51%) 
	70.270
(21.14%)
	138.990
(6.25%) 

	
	Mean
	39.755 
	66.726 
(67.84%)
	45.384
(14.16%) 
	70.003
(4.91%) 
	32.87 
	51.681 
(57.23%
)
	39.205 
(19.28%)
	57.962
(12.15%) 
	28.194 
	41.247 
(46.30%
)
	33.104
(17.41%) 
	44.396 
(7.64%)

	DL:
Delay CDF
[s]
	5%
	60.472 
	26.295
(-56.52%) 
	50.785
(-16.02%) 
	24.639
(-6.30%) 
	66.575 
	27.218 
(-59.12%)
	53.28 
(-19.97%)
	24.759
(-9.03%) 
	68.968 
	30.593 
(-55.64%)
	56.923 
(-17.46%)
	28.755
(-6.01%) 

	
	50%
	107.550 
	79.406 
(-26.17%)
	91.963
(-14.49%) 
	69.625
(-12.32%) 
	126.9
	98.1
(-22.70%) 
	106.567
(-16.02%) 
	85.225
(-13.12%) 
	146.05
	124.775 
(-14.57%)
	124.8
(-14.55%) 
	111
(-11.04%) 

	
	95%
	231.985 
	205.915 
(-11.24%)
	221.115
(-4.69%) 
	197.825
(-3.93%) 
	382.15 
	318.74 
(-16.59%)
	347.26
(
-9.13%) 
	313.445 
(
-1.66%)
	658.73 
	602.215
(-8.58%) 
	595.21
(-9.64%) 
	547.19 
(-9.14%)

	
	Mean
	129.275 
	95.349 
(-26.24%)
	119.229
(-7.77%) 
	101.24
(6.18%)
	161.821 
	128.862 
(-20.37%)
	141.984
(-12.26%) 
	120.934
(-6.15%) 
	223.855 
	192.924 
(-13.82%)
	198.802
(-11.19%) 
	179.02
(-7.21%) 

	RU
	0.143 

	0.133 
(-6.91%)
	0.145
(1.64%) 
	0.131 
(-1.44%)
	0.372 

	0.333 
(-10.33%)
	0.326
(-12.17%) 
	0.304
(-8.83%) 
	0.578 

	0.555 
(-3.94%)
	0.54
(-6.46%) 
	0.527
(-5.07%) 

	𝜆
	0.25
	0.5
	0.75

	Notes:
	CN Delay=2ms; max scheduled users=10; 
7-symbol-InitSSThresholdInMSS150 used 14-symbol-InitSSThresholdInMSS150 as a reference, others used 14-symbol-InitSSThresholdInMSS45 as a reference.

	
Reported parameters

	Low load
RU range for legacy TTI: about 13%~15%
	Medium load
RU range for legacy TTI: about 33%~38%
	High load
RU range for legacy TTI: about 55%~59%

	TTI length
UL access delay/RTT Unit: (s)TTI
	14OS
9/5
	7OS
12/8
	14OS
9/5
	7OS
12/8
	14OS
9/5
	7OS
12/8

	InitSSThresholdInMSS
	45
	150
	45
	150
	45
	150
	45
	150
	45
	150
	45
	150

	DL:
UPT CDF
[Mbps]
	5%
	16.706 
	18.287
(9.46%) 
	17.953
(7.46%) 
	20.448 
(11.82%)
	9.988 
	11.128
(11.41%) 
	10.47 
(4.82%)
	11.92
(7.11%)
	5.733 
	6.628
(15.60%) 
	6.595 
(15.03%)
	7.276 
(9.79%)

	
	50%
	32.846 
	45.160
(37.49%
) 
	41.436
(26.15%
) 
	55.108 
(22.03%
)
	28.975 
	37.95 
(30.97%
)
	35.275
(21.74%
) 
	44.825 
(18.12%
)
	25.338 
	30.36
(19.82%) 
	30.350 
(19.78%)
	34.888 
(14.91%)

	
	95%
	59.394 
	141.793
(138.73%) 
	74.295
(25.09%
) 
	161.394
(13.82%
) 
	55.212 
	134.929
(144.38%) 
	69.773
(26.37%
) 
	159.060
(17.88%
) 
	52.1 
	121.795
(133.77%) 
	65.655 
(26.02%)
	138.295
(13.55%) 

	
	Mean
	36.121 
	62.54
(73.14%
)
	43.704
(20.99%
) 
	70.378 
(12.53%
)
	30.387 
	48.317
(59.00%
) 
	36.945 
(21.58%
)
	55.386 
(14.63%
)
	25.913 
	38.867
(49.99%) 
	31.07
(19.90%) 
	43.941 
(13.05%)

	DL:
Delay CDF
[s]
	5%
	67.313 
	28.205
(-58.10%) 
	53.805
(-20.07%) 
	24.761 
(-12.21%)
	72.466 
	29.671
(-59.06%) 
	57.327
(-20.89%) 
	25.140 
(-15.27%)
	76.767 
	32.805
(-57.27%) 
	60.945 
(-20.61%)
	28.905 
(-11.89%)

	
	50%
	121.725 
	88.48
(-27.31%) 
	96.47
(-20.75%) 
	72.55 
(-18.00%)
	138.125 
	105.450
(-23.66%) 
	113.4 
(-17.90%)
	89.05 
(-15.55%)
	157.750 
	131.800 
(-16.45%)
	131.767
(-16.47%) 
	114.725
(-12.96%) 

	
	95%
	239.238 
	219.14
(-8.40%) 
	222.895 
(-6.83%)
	195.053
(-10.99%) 
	401.535 
	354.015
(-11.83%) 
	382.320
(-4.79%) 
	333.480 
(-5.80%)
	696.35
	599.490 
(-13.91%)
	610.710
(-12.30%) 
	552.548 
(-7.83%)

	
	Mean
	130.815 
	104.422
(-20.18%) 
	127.66 
(-2.41%)
	98.004 
(-6.15%)
	174.987 
	140.766
(-19.56%) 
	152.708
(-12.73%) 
	126.006 
(-10.49%)
	239.18
	199.616
(-16.54%) 
	207.076 
(-13.42%)
	182.045 
(-8.80%)

	RU
	0.147 
	0.134
(-8.42%) 
	0.141 
(-3.88%)
	0.13 
(-3.54%)
	0.375 
	0.334
(-10.88%) 
	0.349
(-6.79%) 
	0.322 
(-3.64%)
	0.583 
	0.556
(-4.61%) 
	0.569 
(-2.44%)
	0.546 
(-1.79%)

	𝜆
	0.25
	0.5
	0.75

	Notes:
	CN Delay=2ms; max scheduled users=10; 
7-symbol-InitSSThresholdInMSS150 used 14-symbol-InitSSThresholdInMSS150 as a reference, others used 14-symbol-InitSSThresholdInMSS45 as a reference.

	
Reported parameters

	Low load
RU range for legacy TTI: about 13%~14%
	Medium load
RU range for legacy TTI: about 32%~35%
	High load
RU range for legacy TTI: about 54%~57%

	TTI length
UL access delay/RTT Unit: (s)TTI
	14OS
3/3
	7OS
4/4
	14OS
3/3
	7OS
4/4
	14OS
3/3
	7OS
4/4

	InitSSThresholdInMSS
	45
	150
	45
	150
	45
	150
	45
	150
	45
	150
	45
	150

	DL:
UPT CDF
[Mbps]
	5%
	19.464 
	20.28 
(4.19%)
	20.975
(7.76%) 
	21.5
(6.02%) 
	11.127 
	12.745
(14.54%) 
	13.075
(17.51%) 
	13.91
(9.14%) 
	6.727 
	6.983
(3.80%) 
	7.605
(13.05%
) 
	7.838 
(12.24%
)

	
	50%
	46.657 
	60.814 
(30.34%
)
	56.613 
(21.34%
)
	68.367
(12.42%) 
	39.233 
	46.050
(17.37%
) 
	48.480 
(23.57%)
	54.267
(17.84%) 
	31.813 
	35.233
(10.75%
) 
	38.467
(20.92%) 
	40.617 
(15.28%
)

	
	95%
	83.727 
	158.669
(89.51%
) 
	101.669
(21.43%) 
	162.704 
(2.54%)
	77.41 
	156.482 
(102.15%)
	95.425
(23.27%) 
	161.835
(3.42%) 
	72.983 
	145.410
(99.24%
) 
	90.193
(23.58%
) 
	152.525
(4.89%) 

	
	Mean
	49.466 
	73.057
(47.69%
) 
	58.696
(18.66%
) 
	77.088
(5.52%) 
	40.367 
	56.671 
(40.39%
)
	49.251 
(22.01%)
	63.249
(11.61%) 
	33.954 
	44.93
(32.33%
) 
	40.506
(19.30%) 
	49.449 
(10.06%)

	DL:
Delay CDF
[s]
	5%
	47.787 
	25.217 
(-47.23%)
	39.331
(-17.69%) 
	24.596 
(-2.46%)
	51.69 
	25.549 
(-50.57%)
	41.975 
(-18.79%)
	24.723
(-3.24%) 
	54.818 
	27.580
(-49.69%) 
	44.307 
(-19.17%)
	26.275
(-4.73%) 

	
	50%
	85.743 
	65.786
(-23.28%) 
	70.688
(-17.56%) 
	58.475
(-11.11%) 
	101.933 
	86.78
(-14.87%) 
	82.5
(-19.06%) 
	73.7 
(-15.07%)
	125.775 
	113.55 
(-9.72%)
	103.933 
(-17.37%)
	98.525
(-13.23%) 

	
	95%
	205.480 
	197.34
(-3.96%) 
	190.975
(-7.06%) 
	186.05
(-5.72%)
	359.02
	314.32
(-12.45%) 
	307.05 
(-14.48%)
	287.14
(-8.65%) 
	592.765 
	574.42
(-3.09%) 
	525.88
(-11.28%) 
	511.325 
(-10.98%)

	
	Mean
	101.735 
	84.869 
(-16.58%)
	90.064
(-11.47%) 
	83.8
(-1.26%) 
	145.23 
	120.54
(-17.00%) 
	118.373 
(-18.49%)
	108.705 
(-9.82%)
	201.374 
	181.446
(-9.90%) 
	173.454
(-13.86%) 
	162.607
(-10.38%) 

	RU
	0.139 
	0.130
(-6.34%) 
	0.134
(-3.41%) 
	0.13
(0.03%) 
	0.351 
	0.327
(-6.71%) 
	0.308
(-12.31%) 
	0.293 
(-10.48%)
	0.564 
	0.547 
(-2.98%)
	0.532
(-5.61%) 
	0.517
(-5.41%) 

	𝜆
	0.25
	0.5
	0.75

	Notes:
	CN Delay=2ms; max scheduled users=10; 
7-symbol-InitSSThresholdInMSS150 used 14-symbol-InitSSThresholdInMSS150 as a reference, others used 14-symbol-InitSSThresholdInMSS45 as a reference.
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