Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 #85
R1-165301
Nanjing, P.R. China, 23th – 27th May 2016
Agenda Item:
6.2.10.3
Source:
Ericsson
Title:
Additional system level results for short TTI and downlink traffic
Document for:
Discussion and decision
1 Introduction

In this paper, additional system-level simulation results for shortened TTI (sTTI) in downlink traffic are presented to complete the system evaluation shown in [1] and [2]. The results include the performance comparison for different sTTI lengths for both CRS and DMRS based demodulation. Results for short TTI combined with Instant Uplink Access (IUA) are shown as well. Additional system-level simulation results for sTTI and uplink traffic are discussed in [3].
2 Discussion

System level simulation results for short TTI presented in [1] and [2] focussed on sTTI lengths of 2 and 7 symbols. In this contribution we provide results for 3/4 symbols. Due to the assumption of 2 symbols used for PDCCH, a TTI length of 4 symbols is actually simulated. In addition, results with DMRS based demodulation are included.

The figures in this paper are for FTP model 3 in DL with a file size of 100kB and a core network delay of 10ms. Additional results for other file sizes can be found in the Annex (section 5.2). The overhead due to sPDCCH is calculated based on the number of active UEs in DL and UL and their long-term SINR. Other simulation assumptions are described in the Annex (section 5.1).
2.1 Performance of short TTI with CRS based demodulation
In [1], it was shown that supporting a flexible size of the short TTI control channel region is beneficial for TTI lengths shorter than 7 symbols TTI. This way, resources not occupied by sPDCCH can be exploited for data transmission. The flexible sPDCCH size is applied in these results for the sTTI lengths of 2, 4 and 7 symbols. Figure 1 shows the median user throughput of short TTI with these different lengths assuming CRS based demodulation. As can be observed, 2 symbol TTI provides the largest user performance improvement along the different system loads, outperforming 4 and 7 symbols TTI. The gain difference between 2 symbol and 3/4 symbol TTI lengths is quite noticeable at low load.
Figure 2 depicts the median sPDCCH overhead over all cells for the different TTI lengths. It can be observed that for all short TTI lengths the sPDCCH overhead increases with higher system load. The increase is larger for the shorter TTI lengths (2 and 4 symbols). Hence, a method for exploiting unused sPDCCH resources for sPDSCH is very beneficial for short TTI length.
Observation 1 2 symbol TTI length outperforms 4 symbol and 7 symbol TTI lengths

Proposal 1 It is recommended to support TTI length of 2 symbols
Proposal 2 A method to use unused resources in the sPDCCH region by sPDSCH is recommended to be supported
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Figure 1 Downlink median FTP object bitrate and gains – CRS based demodulation (100 kB file size)
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Figure 2 sPDCCH overhead (median over all cells)
2.2 Performance with DMRS based demodulation
As discussed in [4], it is recommended that short TTI supports DMRS based transmission modes. However, the DMRS overhead increases with decreasing TTI lengths. This may be an issue for sTTI length such as 2 symbols. In this section we provide system level results for short TTI of different lengths considering DMRS based demodulation. Different DMRS patterns with different DMRS overheads are studied.
For full length TTI, the legacy DMRS pattern and overhead is assumed, i.e. 12 resource elements (REs) per PRB are assumed to be used for DMRS. For short TTI, we consider a first DMRS pattern having the same DMRS density in frequency domain as the legacy pattern, i.e. 3 subcarriers within a PRB occupied with DMRS, and a pair of DMRS symbols in time domain. The DMRS overhead with the first pattern reaches thus 6 REs per PRB and short TTI. For TTI lengths < 7 symbols, a second DMRS pattern is tested with reduced density in frequency domain, i.e. 2 subcarriers within a PRB occupied with DMRS. The DMRS overhead with the second pattern reaches thus 4 REs per PRB and short TTI. The link performance of a DMRS pattern with reduced frequency density was studied among others in [5] for short TTI and was found to be similar to a pattern with legacy frequency density in non-dispersive channels. 
Figure 3a shows the user perceived throughput for different short TTI lengths with a DMRS overhead for short TTI of 6 REs per PRB and TTI. As can be observed, the TTI length of 2 symbols provides the highest gains at low load even though the DMRS overhead is twice as large as the one with 4 symbol TTI. At medium and high loads, the DMRS overhead however has a negative impact on the 2 symbol TTI performance. The user throughput indeed drops very quickly with 2 symbol TTI compared to 4 symbol TTI when the load increases. In order to reduce the DMRS overhead for 2 symbol TTI, dynamic insertion of the DMRS can be considered as described in [6]. If the same UE is scheduled on two consecutive sTTIs, DMRS is not included in the second sTTI. Figure 3a shows that with dynamic DMRS insertion, the performance of 2 symbol TTI is the same as the one of 4 symbol TTI at medium to high load, while it is better at low load. 
Observation 2 The performance of 2 symbol TTI considering DMRS overhead is better than the one of 4 symbol TTI and slot TTI at low and medium loads in case dynamic DMRS insertion is applied
Proposal 3 It is recommended to support of dynamic DMRS insertion, where DMRS is not transmitted in every short TTI if the UE is scheduled in multiple sTTIs.

Figure 3b shows the user perceived throughput for different short TTI lengths with a DMRS overhead for 2 and 4 symbol TTI of 4 REs per PRB and TTI. Comparing the performance of 2 symbol TTI in Figure 3a and Figure 3b, it can be observed that a DMRS pattern with reduced frequency density has a significant positive impact on the performance of 2 symbol TTI, which comes close to the one of 4 symbol TTI at medium-high load. Similarly as in Figure 3a, 2 symbol TTI with dynamic DMRS insertion outperforms 4 symbol TTI. 
Observation 3 Reducing the DMRS overhead from 6REs per sTTI and PRB to 4REs per sTTI and PRB improves the performance of 2 symbol TTI
Proposal 4 In the design of the DMRS pattern for short TTI the aim should be to reduce the density in frequency compared to the DMRS pattern for subframe long TTI
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	(a) 6 REs for DMRS per PRB and sTTI


	(b) 4 REs for DMRS per PRB and sTTI for TTI length < 7 symbols


 Figure 3
Downlink median FTP object bitrate – DMRS based demodulation (100 kB file size)
2.3 Results with Instant Uplink Access

In this section, we present results of short TTI combined with Instant Uplink Access (IUA). We thereby apply the same simulation assumptions as provided in the Annex (section 5.1). CRS based demodulation is assumed for sPDSCH. The UL transmission of HARQ ACK/NACK and TCP ACK packets is modelled in the simulations and the corresponding UL DMRS overhead is considered. For 2symbol TTI we assume that DMRS in UL is inserted every 2nd TTI, as discussed in [3]. 

For IUA, a simple static configuration is simulated:

· All users are configured with IUA with a periodicity of 1 TTI for their whole file download time

· The whole uplink bandwidth can be allocated to IUA users

· Thus IUA users do not need to wait for SR opportunity (1 TTI SR period assumed), and do not need to undergo SR-to-grant round trip (8 TTI assumed). Thus IUA users save 9 TTI UL access time compared to non-IUA users. Since this 9 TTI delay scales with sTTI, the saving in terms of absolute delay with IUA decreases with shorter TTI.

· A minimum UL frequency allocation is guaranteed for IUA users throughout the download time. The minimum allocations are chosen to be able to send TCP ACKs (~40byte) in the UL within one TTI under 16QAM1/2 assumption.
· 7os: 4 PRBs, i.e. 4 * 12 * 6 RE per TTI, leading to maximum 12 users multiplexed in frequency domain, and a TBS of 576bit assuming 16QAM1/2
· 4os: 6 PRBs, i.e. 6 * 12 *5 RE per TTI, leading to maximum 8 users multiplexed in frequency domain, and a TBS of 720bit assuming 16QAM1/2
· 2os: 8 PRBs, i.e. 8 * 12* (1 or 2) RE per TTI, leading to maximum 6 users multiplexed in frequency domain, and a TBS of 192 bit or 384 bit assuming 16QAM1/2
The performance results are shown in Figure 9. It can be observed that for all TTI lengths, combining sTTI with IUA provides better user throughput than sTTI alone. However, since the UL access is already improved with sTTI, the additional gains of IUA are however decreasing the shorter the TTI are. While for 14os, ~18% gain can be observed for medium load, for 7os and 4os ~13% gain can be achieved, and for 2os ~6% gain is achievable. 

Observation 4 DL file transfer performance can be improved with IUA combined with sTTIs
Due to the static modeling of IUA as described above, only a certain maximum number of UL users is supported. For higher loads, where more users are active at the same time, this maximum is reached for 4os and 2os at a capacity of 4.5Mbit/s cell throughput and 3.8Mbit/s cell throughput, respectively. This limitation can be lifted by more realistic scheduler implementations, e.g. adjusting the IUA periodicity or available frequency allocation for IUA depending on system load.
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Figure 9 Median FTP object bitrate for sTTI and IUA (100 kB file size)
3 Conclusion

In this contribution we provided simulation results of short TTI with different lengths. The above discussion is summarized with the following observations:
Observation 5 2 symbol TTI length outperforms 4 symbol and 7 symbol TTI lengths
Observation 6 The performance of 2 symbol TTI considering DMRS overhead is better than the one of 4 symbol TTI and slot TTI at low and medium loads in case dynamic DMRS insertion is applied
Observation 7 Reducing the DMRS overhead from 6REs per sTTI and PRB to 4REs per sTTI and PRB improves the performance of 2 symbol TTI
Observation 8 DL file transfer performance can be improved with IUA combined with sTTIs
Based on the discussion in section 2 we propose the following:
Proposal 5 It is recommended to support TTI length of 2 symbols
Proposal 6 A method to use unused resources in the sPDCCH region for sPDSCH is recommended to be supported
Proposal 7 It is recommended to support of dynamic DMRS insertion, where DMRS is not transmitted in every short TTI if the UE is scheduled in multiple sTTIs.

Proposal 8 In the design of the DMRS pattern for short TTI the aim should be to reduce the density in frequency compared to the DMRS pattern for subframe long TTI
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5 Annex
5.1 Simulation assumptions
5.1.1 Scenario parameters

	Parameter
	Value

	Number of sites, sectors per site
	7, 3

	Inter-site distance
	500m

	UE dropping
	Random uniform, 80% indoor

	UE speed.
	0 (no mobility)

	UE Multipath speed
	3 km/h 

	Frequency, duplex
	2 GHz, FDD

	Bandwidth
	10 MHz

	TX power
	46 dBm (eNB), 0.25 dBm (UE)

	Antenna heights
	25m (eNB), 1.5m (UE)

	N TX antennas x M RX antennas
	2x2 (eNB), 1x2 (UE)

	MIMO
	2x2 (DL), 1x2 (UL)

	Antenna pattern
	3GPP TR36.819

	Noise figure
	5dB (eNB), 9dB (UE)

	FTP download file size
	100Kbits, 100kB, 500KB, 1MB

	FTP model
	3

	Fast Fading Model
	ITU Uma TR36.819

	Pathloss Model
	ITU Uma TR36.814

	TCP Configuration
	Slow Start: Exponential default

Congestion Avoidance: Reno

Initial Window Size: 3

Slow Start Restart: 1s

TCP congestion window increase during slowstart: according to RFC2581, unless otherwise mentioned


5.1.2 System parameters

	Parameter
	Value

	Number of PDCCH symbols
	2

	CQI report delay
	6ms

	Link adaptation
	According to TBS selection from Section 2.1.1;
Outer-loop correction (Target BLER 10%)

	Core, transport, and internet delay
	0ms, 10ms

	RLC AM max ReTX threshold
	32

	Scheduler algorithm
	Proportional fair

	UL access
	SR-based

	UL retransmissions
	Non-adaptive


	Parameter
	14 symbols TTI
	7 symbols TTI
	4 symbols TTI
	2 symbols TTI

	SRS period
	10ms / 10 TTI
	10ms / 20 TTI
	10ms / 35 TTI
	10ms / 70 TTI

	CQI period
	5ms / 5 TTI
	5ms / 10 TTI
	5ms / 18 TTI
	5ms / 35 TTI

	SR period
	1ms / 1 TTI
	0.5ms / 1 TTI
	2/7ms / 1 TTI
	1/7ms / 1 TTI

	sPDCCH size
	0
	dynamic
	dynamic
	dynamic

	PUCCH TTI
	14 symbols
	7 symbols
	4 symbols
	2 symbols

	PUCCH allocation
	1 PRB
	5 PRB
	5 PRB
	5 PRB

	UL DMRS symbols
	2
	1
	1
	1

	TBS selection
	PRB based
	RE based
	RE based
	RE based

	UL grant to data delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	SR to UL grant delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	UL HARQ delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	DL HARQ delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	DL HARQ to reTx delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	Number of STTI bands in UL/DL
	No limit
	4
	4
	4

	DL sTTI band minimum size
	1 PRB
	12 PRB
	12 PRB
	12 PRB

	UL sTTI band minimum size
	1 PRB
	10 PRB
	10 PRB
	10 PRB


5.2 Further results 
5.2.1 Downlink Transmissions with CRS based demodulation
5.2.1.1 FTP Transfer: 100 kB file size
	Reported Parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS

	DL:
UPT CDF
[Mbps]
	5%
	2.18
	2.41
	2.67
	2.49
	1.71
	1.29
	1.36
	1.24
	1.19
	0.83
	0.84
	0.89

	
	50%
	2.99
	3.83
	4.38
	4.73
	2.90
	3.35
	3.73
	3.96
	2.71
	2.79
	2.88
	3.32

	
	95%
	8.06
	8.11
	9.53
	10.11
	7.70
	7.82
	8.66
	8.99
	7.04
	7.02
	7.40
	8.82

	
	Mean
	3.98
	4.54
	5.18
	5.49
	3.77
	3.77
	4.17
	4.33
	3.37
	3.17
	3.31
	3.81

	DL:
Delay CDF
[s]
	5%
	0.16
	0.13
	0.12
	0.11
	0.16
	0.14
	0.12
	0.12
	0.17
	0.15
	0.13
	0.12

	
	50%
	0.28
	0.21
	0.19
	0.17
	0.29
	0.25
	0.23
	0.21
	0.30
	0.30
	0.30
	0.26

	
	95%
	0.38
	0.36
	0.32
	0.34
	0.51
	0.70
	0.71
	0.79
	0.78
	1.09
	1.06
	1.00

	
	Mean
	0.27
	0.23
	0.21
	0.21
	0.31
	0.32
	0.31
	0.31
	0.37
	0.43
	0.41
	0.37

	RU (%)
	20.00
	28.89
	25.23
	20.57
	40.00
	53.78
	50.38
	40.84
	55.00
	64.21
	63.22
	50.36

	Notes:
	CN delay = 10ms, macro scenario, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI)  


5.2.1.2 FTP Transfer: 1 MB file size
	Reported Parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS

	DL:
UPT CDF
[Mbps]
	5%
	5.21
	4.82
	3.99
	2.83
	2.51
	2.10
	1.77
	1.45
	1.44
	1.29
	1.24
	1.08

	
	50%
	10.59
	11.07
	10.68
	10.46
	8.15
	6.86
	6.70
	6.65
	5.95
	4.96
	4.76
	4.85

	
	95%
	14.87
	17.53
	19.34
	19.46
	13.83
	15.41
	14.38
	16.53
	12.78
	13.41
	13.02
	14.81

	
	Mean
	10.63
	11.16
	10.75
	10.64
	8.22
	7.60
	7.35
	7.64
	6.42
	5.99
	5.79
	6.16

	DL:
Delay CDF
[s]
	5%
	0.55
	0.46
	0.42
	0.41
	0.59
	0.52
	0.57
	0.49
	0.63
	0.60
	0.64
	0.56

	
	50%
	0.77
	0.75
	0.88
	0.91
	1.06
	1.34
	1.35
	1.42
	1.55
	1.82
	1.87
	1.91

	
	95%
	1.73
	1.74
	2.15
	2.88
	3.74
	4.31
	4.84
	5.84
	5.70
	6.72
	6.93
	7.59

	
	Mean
	0.92
	0.94
	1.12
	1.25
	1.47
	1.82
	1.92
	2.07
	2.13
	2.50
	2.59
	2.60

	RU (%)
	20.00
	24.89
	25.32
	23.06
	40.00
	48.11
	47.86
	39.73
	55.00
	60.32
	61.45
	48.62

	Notes:
	CN delay = 10ms, macro scenario, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI) 


5.2.1.3 FTP Transfer: 500 kB file size

	Reported Parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS

	DL:
UPT CDF
[Mbps]
	5%
	4.51
	4.30
	4.27
	3.74
	2.36
	1.75
	1.42
	1.37
	1.42
	1.12
	1.02
	1.03

	
	50%
	7.24
	8.67
	9.98
	10.25
	6.41
	6.17
	6.03
	6.65
	5.03
	4.61
	4.70
	4.86

	
	95%
	11.46
	11.82
	13.71
	15.48
	10.49
	11.17
	12.61
	14.04
	9.31
	10.47
	11.93
	12.78

	
	Mean
	7.40
	8.64
	9.84
	10.34
	6.34
	6.28
	6.41
	7.09
	5.20
	5.08
	5.36
	5.66

	DL:
Delay CDF
[s]
	5%
	0.42
	0.34
	0.29
	0.26
	0.44
	0.36
	0.32
	0.29
	0.47
	0.39
	0.34
	0.32

	
	50%
	0.56
	0.47
	0.41
	0.41
	0.64
	0.70
	0.73
	0.65
	0.84
	0.98
	0.98
	0.98

	
	95%
	0.97
	1.01
	1.00
	1.11
	1.97
	2.43
	3.05
	3.01
	3.11
	3.91
	3.99
	4.03

	
	Mean
	0.62
	0.57
	0.53
	0.55
	0.84
	1.01
	1.13
	1.09
	1.22
	1.44
	1.42
	1.46

	RU (%)
	20.00
	24.14
	22.92
	18.34
	40.00
	48.78
	49.90
	38.86
	55.00
	61.83
	60.23
	48.16

	Notes:
	CN delay = 10ms, macro scenario, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI) 


5.2.1.4 FTP Transfer: 100 kbit file size

	Reported Parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS

	DL:
UPT CDF
[Mbps]
	5%
	0.73
	0.98
	1.15
	1.17
	0.61
	0.59
	0.65
	0.72
	0.51
	0.45
	0.47
	0.57

	
	50%
	1.36
	1.68
	1.95
	2.12
	1.09
	1.30
	1.50
	1.70
	0.88
	1.04
	1.17
	1.36

	
	95%
	2.78
	3.01
	3.38
	3.71
	2.38
	2.61
	2.88
	3.31
	2.02
	2.25
	2.46
	2.85

	
	Mean
	1.52
	1.83
	2.08
	2.25
	1.25
	1.40
	1.60
	1.83
	1.01
	1.16
	1.29
	1.49

	DL:
Delay CDF
[s]
	5%
	0.06
	0.05
	0.04
	0.04
	0.06
	0.05
	0.05
	0.04
	0.07
	0.06
	0.05
	0.04

	
	50%
	0.09
	0.07
	0.06
	0.05
	0.10
	0.08
	0.07
	0.06
	0.12
	0.10
	0.09
	0.08

	
	95%
	0.14
	0.11
	0.09
	0.10
	0.17
	0.19
	0.16
	0.15
	0.21
	0.24
	0.23
	0.19

	
	Mean
	0.09
	0.07
	0.06
	0.06
	0.11
	0.10
	0.08
	0.08
	0.13
	0.12
	0.10
	0.09

	RU (%)
	15.00
	27.73
	24.83
	18.94
	35.00
	57.67
	55.03
	39.07
	44.00
	61.59
	63.08
	48.44

	Notes:
	CN delay = 10ms, macro scenario, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI) 


5.2.2 Downlink Transmissions with DMRS based demodulation 

All tables in this section are for a 100kB file size.

5.2.2.1 DMRS with 6 REs/PRB and TTI for short TTI 
	Reported Parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS

	DL:
UPT CDF
[Mbps]
	5%
	2.16
	2.39
	2.27
	1.40
	1.60
	1.29
	0.86
	0.57
	1.13
	0.66
	0.54
	0.43

	
	50%
	2.91
	3.80
	4.15
	3.84
	2.84
	3.33
	3.09
	2.37
	2.71
	2.55
	2.29
	1.77

	
	95%
	7.37
	7.87
	8.34
	8.37
	7.64
	7.32
	7.22
	6.57
	6.93
	6.52
	6.77
	5.65

	
	Mean
	3.82
	4.42
	4.59
	4.11
	3.67
	3.63
	3.40
	2.74
	3.31
	2.88
	2.74
	2.20

	DL:
Delay CDF
[s]
	5%
	0.17
	0.14
	0.13
	0.13
	0.16
	0.14
	0.14
	0.15
	0.17
	0.16
	0.14
	0.17

	
	50%
	0.28
	0.21
	0.20
	0.22
	0.29
	0.25
	0.28
	0.37
	0.31
	0.34
	0.39
	0.53

	
	95%
	0.38
	0.36
	0.38
	0.67
	0.52
	0.73
	1.07
	1.58
	0.78
	1.41
	1.64
	2.02

	
	Mean
	0.28
	0.23
	0.23
	0.30
	0.31
	0.33
	0.40
	0.56
	0.37
	0.49
	0.58
	0.75

	RU (%)
	20.00
	28.87
	30.01
	31.18
	40.00
	54.28
	57.28
	54.55
	55.00
	65.87
	68.30
	62.00

	Notes:
	CN delay = 10ms, macro scenario, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI), DMRS with 6 REs/PRB and TTI for short TTI 


The table below is with dynamic DMRS insertion for 2 symbol TTI. This means that in case two consecutive sTTIs are scheduled to the same UE, DMRS is inserted only in the first sTTI.
	Reported Parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS

	DL:
UPT CDF
[Mbps]
	5%
	2.16
	2.39
	2.27
	2.19
	1.60
	1.29
	0.86
	0.98
	1.13
	0.66
	0.54
	0.58

	
	50%
	2.91
	3.80
	4.15
	4.47
	2.84
	3.33
	3.09
	3.30
	2.71
	2.55
	2.29
	2.40

	
	95%
	7.37
	7.87
	8.34
	9.18
	7.64
	7.32
	7.22
	7.83
	6.93
	6.52
	6.77
	6.87

	
	Mean
	3.82
	4.42
	4.59
	4.91
	3.67
	3.63
	3.40
	3.62
	3.31
	2.88
	2.74
	2.81

	DL:
Delay CDF
[s]
	5%
	0.17
	0.14
	0.13
	0.12
	0.16
	0.14
	0.14
	0.13
	0.17
	0.16
	0.14
	0.15

	
	50%
	0.28
	0.21
	0.20
	0.19
	0.29
	0.25
	0.28
	0.26
	0.31
	0.34
	0.39
	0.37

	
	95%
	0.38
	0.36
	0.38
	0.41
	0.52
	0.73
	1.07
	0.90
	0.78
	1.41
	1.64
	1.54

	
	Mean
	0.28
	0.23
	0.23
	0.23
	0.31
	0.33
	0.40
	0.37
	0.37
	0.49
	0.58
	0.55

	RU (%)
	20.00
	28.87
	30.01
	24.25
	40.00
	54.28
	57.28
	44.85
	55.00
	65.87
	68.30
	57.06

	Notes:
	CN delay = 10ms, macro scenario, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI), DMRS with 6 REs/PRB and TTI for short TTI, dynamic DMRS insertion for 2 symbol TTI


5.2.2.2 DMRS with 4 REs/PRB and TTI for 4 and 2 symbols TTI 
	Reported Parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS

	DL:
UPT CDF
[Mbps]
	5%
	2.16
	2.39
	2.34
	1.77
	1.60
	1.29
	1.15
	0.82
	1.13
	0.66
	0.63
	0.55

	
	50%
	2.91
	3.80
	4.27
	4.37
	2.84
	3.33
	3.54
	3.15
	2.71
	2.55
	2.48
	2.33

	
	95%
	7.37
	7.87
	8.73
	9.02
	7.64
	7.32
	7.44
	7.62
	6.93
	6.52
	7.14
	6.69

	
	Mean
	3.82
	4.42
	4.87
	4.76
	3.67
	3.63
	3.76
	3.45
	3.31
	2.88
	2.93
	2.74

	DL:
Delay CDF
[s]
	5%
	0.17
	0.14
	0.12
	0.12
	0.16
	0.14
	0.14
	0.14
	0.17
	0.16
	0.14
	0.14

	
	50%
	0.28
	0.21
	0.19
	0.19
	0.29
	0.25
	0.24
	0.28
	0.31
	0.34
	0.36
	0.38

	
	95%
	0.38
	0.36
	0.40
	0.50
	0.52
	0.73
	0.78
	1.15
	0.78
	1.41
	1.43
	1.59

	
	Mean
	0.28
	0.23
	0.23
	0.25
	0.31
	0.33
	0.33
	0.41
	0.37
	0.49
	0.52
	0.56

	RU (%)
	20.00
	28.87
	27.78
	25.12
	40.00
	54.28
	51.72
	46.55
	55.00
	65.87
	66.24
	56.88

	Notes:
	CN delay = 10ms, macro scenario, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI), DMRS with 6 REs/PRB and TTI for slot based TTI, , DMRS with 4 REs/PRB and TTI for 2 and 4 symbol TTI 


The table below is with dynamic DMRS insertion for 2 symbol TTI. This means that in case two consecutive sTTIs are scheduled to the same UE, DMRS is inserted only in the first sTTI.
	Reported Parameters
	Low load
RU range for legacy TTI: 10%~25%
	Medium load
RU range for legacy TTI: 35%~50%
	High load
RU range for legacy TTI: above 55%

	
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS
	14 OS
	7 OS
	4 OS
	2 OS

	DL:
UPT CDF
[Mbps]
	5%
	2.16
	2.39
	2.34
	2.22
	1.60
	1.29
	1.15
	1.16
	1.13
	0.66
	0.63
	0.70

	
	50%
	2.91
	3.80
	4.27
	4.57
	2.84
	3.33
	3.54
	3.77
	2.71
	2.55
	2.48
	2.75

	
	95%
	7.37
	7.87
	8.73
	9.32
	7.64
	7.32
	7.44
	8.56
	6.93
	6.52
	7.14
	7.80

	
	Mean
	3.82
	4.42
	4.87
	5.08
	3.67
	3.63
	3.76
	4.03
	3.31
	2.88
	2.93
	3.16

	DL:
Delay CDF
[s]
	5%
	0.17
	0.14
	0.12
	0.12
	0.16
	0.14
	0.14
	0.13
	0.17
	0.16
	0.14
	0.13

	
	50%
	0.28
	0.21
	0.19
	0.18
	0.29
	0.25
	0.24
	0.23
	0.31
	0.34
	0.36
	0.32

	
	95%
	0.38
	0.36
	0.40
	0.39
	0.52
	0.73
	0.78
	0.79
	0.78
	1.41
	1.43
	1.28

	
	Mean
	0.28
	0.23
	0.23
	0.22
	0.31
	0.33
	0.33
	0.33
	0.37
	0.49
	0.52
	0.47

	RU (%)
	20.00
	28.87
	27.78
	22.33
	40.00
	54.28
	51.72
	41.82
	55.00
	65.87
	66.24
	53.82

	Notes:
	CN delay = 10ms, macro scenario, dynamic control region per sTTI assumed (dependent of the scheduled UEs in a sTTI), DMRS with 6 REs/PRB and TTI for slot based TTI, DMRS with 4 REs/PRB and TTI for 2 and 4 symbol TTI , dynamic DMRS insertion for 2 symbol TTI
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