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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In our previous evaluation [1], the physical layer delay in TCP ACK and DL HARQ RTT are evaluated as the scalable to sTTI length including the processing time. On the other hand, for longer sTTI like 7 OFDM symbols, to reduce the processing time is possible in UL and DL. The standardization complexity and RS/signalling overheads are different especially between 7 OFDM symbols sTTI and below sTTIs. RAN2 discussed the procedure to reduce the UL latency like contention based PUSCH [2]. To take into account these aspects, we evaluated 7 OFDM symbols sTTI with reduced DL HARQ RTT in DL and TCP ACK delay. According to our evaluation, we found following.
· Seven OFDM symbols sTTI with DL HARQ RTT 4 sTTI and UL TCP ACK delay 7 sTTI can achieve similar or better performance than 2 or 3/4 OFDM symbols sTTI with DL HARQ RTT 8 sTTI and UL TCP ACK delay 13 sTTI.

Therefore, we propose to take following as latency reduction design.
· DL sTTI length is 1 slot (7 OFDM symbols).
· ACK/NACK corresponding to DL sTTI is sent in 2 slots later (DL HARQ RTT is 4 sTTI).
· In order to achieve the same UL latency with 7 OFDM symbols sTTI with TCP ACK delay 7 sTTI, UL design is one of the following options:
· Option 1:	UL sTTI length is 3 or 4 OFDM symbols with conventional PUSCH procedure
· Option 2:	UL sTTI length is 1 slot but to introduce contention based PUSCH procedure.

Discussion
We evaluate user throughput and packet delay on the following case.
	sTTI length
	DL HARQ RTT
	TCP ACK delay

	7 OFDM symbols
	4 sTTIs (2 msec)
	7 sTTIs (3.5 msec)


The timing relation of above is illustrated in Figure 1.


		
Figure 1. Timing relation of 7 OFDM symbols sTTI with DL 4 sTTIs RTT and ACK delay 7 sTTIs

For comparison, following cases also evaluated. 
	sTTI length
	DL HARQ RTT
	TCP ACK delay

	14 OFDM symbols
	8 sTTIs (8 msec)
	13 sTTIs (13 msec)

	7 OFDM symbols
	8 sTTIs(4 msec)
	13 sTTIs (7.5 msec)

	3/4 OFDM symbols
	8 sTTIs (2 msec)
	13 sTTIs (3.25 msec)

	2 OFDM symbols
	8 sTTIs (1.14 msec)
	13 sTTIs (1.86 msec)



The other evaluation assumptions are listed in Annex 1.
The files size =100kbits and 500kbytes with RU 20%, 60 % are shown in Table 1 and Table 2. 

[bookmark: _Ref446605129]Table 1  Evaluation Results for small file size (100kbits/file)
(a) Low load case
	Number of OFDM Symbols
	System
TP
[Mbps]
	Mean
User TP
[Mbps]
	95% 
User TP
[Mbps]
	50% 
User TP
[Mbps]
	5% 
User TP
[Mbps]
	Mean
Packet 
Delay
[ms]
	95%
Packet 
Delay
[ms]
	50%
Packet 
Delay
[ms]
	5%
Packet delay
[ms]
	RU[%]

	14
	2.35
	0.76
	0.84
	0.77
	0.648
	133.73
	163.00
	130.01
	112.99
	20.37

	7
(RTT=8sTTI, ACK delay
=13sTTI)
	2.52
(7.2)
	0.95
(24.8)
	1.05
(25.0)
	0.96
(25.7)
	0.782
(20.7)
	107.66
(-19.5)
	131.52
(-19.3)
	103.00
(-20.8)
	92.51
(-18.1)
	22.30

	7
(RTT=4sTTI, ACK delay
=7sTTI)
	2.59
(10.2)
	1.06
(40.2)
	1.18
(40.8)
	1.09
(41.6)
	0.866
(33.6)
	95.89
(-28.3)
	118.98
(-27.0)
	90.97
(-30.0)
	83.50
(-26.1)
	23.08

	3/4
	2.63
(11.9)
	1.07
(41.5)
	1.19
(42.0)
	1.11
(44.2)
	0.836
(29.0)
	95.62
(-28.5)
	119.97
(-26.4)
	89.72
(-31.0)
	82.46
(-27.0)
	22.68

	2
	2.66
(13.2)
	1.12
(48.3)
	1.26
(50.5)
	1.17
(52.7)
	0.819
(26.4)
	91.99
(-31.2)
	119.03
(-27.0)
	84.53
(-35.0)
	78.09
(-30.9)
	20.26



(b) High load case
	Number of OFDM Symbols
	System
TP
[Mbps]
	Mean
User TP
[Mbps]
	95% 
User TP
[Mbps]
	50% 
User TP
[Mbps]
	5% 
User TP
[Mbps]
	Mean
Packet 
Delay
[ms]
	95%
Packet 
Delay
[ms]
	50%
Packet 
Delay
[ms]
	5%
Packet delay
[ms]
	RU[%]

	14
	5.85
	0.71
	0.83
	0.74
	0.509
	142.03
	190.03
	133.97
	114.98
	60.19

	7
(RTT=8sTTI, ACK delay
=13sTTI)
	6.81
(16.4)
	0.86
(20.5)
	1.03
(25.1)
	0.90
(22.5)
	0.520
(2.2)
	118.46
(-16.6)
	172.01
(-9.5)
	107.49
(-19.8)
	94.51
(-17.8)
	68.69

	7
(RTT=4sTTI, ACK delay
=7sTTI)
	7.34
(25.5)
	0.95
(33.7)
	1.17
(41.5)
	1.01
(37.4)
	0.519
(2.0)
	107.20
(-24.5)
	163.99
(-13.7)
	95.00
(-29.1)
	84.50
(-26.5)
	72.72

	3/4
	7.37
(26.0)
	0.94
(31.3)
	1.17
(41.5)
	1.00
(36.1)
	0.464
(-8.8)
	109.58
(-22.8)
	173.24
(-8.8)
	95.48
(-28.7)
	84.26
(-26.7)
	71.01

	2
	7.50
(28.2)
	0.94
(32.6)
	1.23
(49.1)
	1.03
(39.5)
	0.379
(-25.5)
	109.49
(-22.9)
	184.14
(-3.1)
	92.02
(-31.3)
	80.13
(-30.3)
	61.36



[bookmark: _Ref446600541]Table 2  Evaluation Results for large file size (500KB/file)
(a) Low load case
	Number of OFDM Symbols
	System
TP
[Mbps]
	Mean
User TP
[Mbps]
	95% 
User TP
[Mbps]
	50% 
User TP
[Mbps]
	5% 
User TP
[Mbps]
	Mean
Packet 
Delay
[ms]
	95%
Packet 
Delay
[ms]
	50%
Packet 
Delay
[ms]
	5%
Packet delay
[ms]
	RU[%]

	14
	3.06
	6.68
	9.57
	6.99
	2.684
	695.23
	1382.80
	566.76
	403.55
	20.12

	7
(RTT=8sTTI, ACK delay
=13sTTI)
	3.09
(1.0)
	7.95
(19.0)
	11.69
(22.2)
	8.39
(20.1)
	2.702
(0.7)
	612.80
(-11.9)
	1311.74
(-5.1)
	472.72
(-16.6)
	332.88
(-17.5)
	20.11

	7
(RTT=4sTTI, ACK delay
=7sTTI)
	3.10
(1.3)
	8.76
(31.2)
	13.01
(35.9)
	9.33
(33.5)
	2.893
(7.8)
	568.50
(-18.2)
	1269.83
(-8.2)
	429.58
(-24.2)
	300.89
(-25.4)
	19.72

	3/4
	3.13
(2.3)
	8.53
(27.7)
	12.91
(34.9)
	9.16
(31.1)
	2.547
(-5.1)
	606.88
(-12.7)
	1417.31
(2.5)
	436.53
(-23.0)
	303.05
(-24.9)
	20.99

	2
	3.18
(3.9)
	8.63
(29.2)
	13.44
(40.5)
	9.25
(32.4)
	2.280
(-15.1)
	633.35
(-8.9)
	1575.26
(13.9)
	433.69
(-23.5)
	292.03
(-27.6)
	20.17



(b) High load case
	Number of OFDM Symbols
	System
TP
[Mbps]
	Mean
User TP
[Mbps]
	95% 
User TP
[Mbps
	50% 
User TP
[Mbps]
	5% 
User TP
[Mbps]
	Mean
Packet 
Delay
[ms]
	95%
Packet 
Delay
[ms]
	50%
Packet 
Delay
[ms]
	5%
Packet delay
[ms]
	RU[%]

	14
	7.60
	4.82
	8.02
	4.88
	1.525
	1038.70
	2382.20
	781.62
	467.22
	60.94

	7
(RTT=8sTTI, ACK delay
=13sTTI)
	7.81
(2.8)
	5.57
(15.7)
	9.61
(19.8)
	5.62
(15.2)
	1.550
(1.6)
	947.10
(-8.8)
	2340.39
(-1.8)
	679.95
(-13.0)
	388.22
(-16.9)
	61.23

	7
(RTT=4sTTI, ACK delay
=7sTTI)
	7.89
(3.8)
	6.04
(25.4)
	10.69
(33.3)
	6.06
(24.1)
	1.563
(2.5)
	893.42
(-14.0)
	2235.16
(-6.2)
	631.78
(-19.2)
	346.54
(-25.8)
	61.26

	3/4
	7.90
(3.9)
	5.71
(18.5)
	10.50
(30.8)
	5.68
(16.3)
	1.231
(-19.3)
	995.43
(-4.2)
	2637.57
(10.7)
	664.27
(-15.0)
	351.22
(-24.8)
	62.15

	2
	7.95
(4.6)
	5.42
(12.5)
	10.52
(31.1)
	5.26
(7.6)
	0.897
(-41.2)
	1109.45
(6.8)
	3146.95
(32.1)
	699.23
(-10.5)
	344.69
(-26.2)
	56.18



We can observe following:
· Seven OFDM symbols sTTI with DL HARQ RTT 4 sTTI and UL TCP ACK delay 7 sTTI can achieve similar or better performance than the other cases.
· The better performance of 7 OFDM symbol TTI with DL HARQ RTT 4 sTTI and UL TCP ACK delay 7 sTTI is especially obtained in the following case because of reduced the overhead of control channel and RS 
· Small file size with low MCS condition (5% user through put and 95% packet delay)
· Small file size with RU=60% condition
· Large file size with all evaluation metric
We also note following observations:
· DL 7 OFDM symbol TTI design would allow one-level DCI, which is flexible and reduced overhead. 
· DL 7 OFDM symbol TTI design means to align the slot boundary. It has much similarity with LAA design to locate PDCCH in the beginning of each slot. Seven OFDM symbol design can reduce modifications from current LTE and reduce standardization efforts. 
· DL HARQ RTT 4 sTTI is a bit challenge but by limiting TBS and TA values, we think it would be worth target.
· RAN1 evaluation has been mainly 13 sTTIs scalable to sTTI length. This is coming from the conventional procedure of SR, grant assignment and transmission of UL used in TR36.881[2]. By using RAN2 proposed contention based PUSCH transmission, 8.5 to 7.5 sTTIs length is achieved. Our understanding is these procedure delay is scalable to sTTI. The UL TCP ACK delay corresponding to 7 OFDM symbol sTTI would be achieved by contention based PUSCH with 7 OFDM symbol sTTI. Another alternative is to realize it with 3/4 OFDM symbol sTTI with conventional PUSCH procedure.
 
Therefore, we propose to take following as latency reduction design.
· DL sTTI length is 1 slot (7 OFDM symbols).
· ACK/NACK corresponding to DL sTTI is sent in 2 slots later (DL HARQ RTT is 4 sTTI).
· In order to achieve the same UL latency with 7 OFDM symbols sTTI with TCP ACK delay 7 sTTIs, UL design is one of the following options:
· Option 1:	UL sTTI length is 3 or 4 OFDM symbol with conventional PUSCH procedure
· Option 2:	UL sTTI length is 1 slot but to introduce contention based PUSCH procedure

Conclusion
We evaluated 7 OFDM symbol TTI with DL HARQ RTT 4 sTTI and UL TCP ACK delay 7 sTTI and found such condition can achieve similar or better performance than the other conditions. Therefore, we propose following.
· DL sTTI length is 1slot (7 OFDM symbols).
· Ack/Nack corresponding to DL sTTI is sent in 2 slots later.
· In order to achieve the same UL latency with 7 OFDM symbols with TCP ACK delay 7 sTTIs, UL design is one of the following options:
· Option 1:	UL sTTI length is 3 or 4 OFDM symbols with conventional PUSCH procedure
· Option 2:	UL sTTI length is 1 slot but to introduce contention based PUSCH procedure
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Annex 1

Table 3   Simulation Assumptions
	Parameter
	Assumptions

	Layout
	7 Macro eNBs, 3sectors per site

	System bandwidth per carrier
	10MHz

	Carrier frequency 
	2GHz

	Inter-site distance
	500m

	Total BS TX power (Ptotal per carrier)
	46dBm

	TTI length
	1, 2, 3/4, 7, and 14 OFDM symbols.

	TCP ACK delay for SR, grant and UL transmission
	13 sTTIs / 7 sTTIs

	TCP ACK in UL 
	Error free and only ACK is modelled

	CSI report period
	10 TTIs

	CSI report delay
	6 TTIs

	Fast UL Access schemes
	Based on TTI length

	RS and control signaling overhead
	Assumed (see Table 2)

	TBS determination
	Scalable with TTI length as baseline

	HARQ RTT
	8 TTIs /4TTIs for 7 OFDM symbols

	Scheduler
	Proportional fairness

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

	Number of UEs 
	10 UEs per macro cell for FTP model 2 (latency reduction capable UEs only)

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

	Traffic model
	FTP model 2, File size [100kbits, 500kB]
RU[20%, 40%, 60%] 

	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; not modeled

	UE receiver
	MMSE-IRC

	UE speed
	3km/h

	Network synchronization
	Synchronized

	Core, transport and internet network delay
	10ms

	CRS
	2 ports

	PDCCH length
	2 OFDM symbols

	Overhead in TCP/IP layer
	40bytes (TCP/IP header)

	Overhead in RAN level
	PDCP header: 2 bytes
RLC header: 2 bytes
MAC header: 2 bytes
CRC bits: 24bits


[bookmark: _GoBack]
[bookmark: _Ref447025459]Table 4  (s)PDCCH overhead based on UE geometry
	SINR region[dB]
	(-inf, -2]
	(-2, 1]
	(1, 7]
	(7, +inf]

	Aggregation level
	8
	4
	2
	1

	# of REs
	288
	144
	72
	36
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