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1. Introduction

In RAN1#84 meeting, it is agreed evaluation methodology for latency reduction including system-level simulation assumption [1]. In this contribution, we provide our system-level simulation results and relevant observations based on the agreed evaluation methodology, and discuss latency reduction design. 
2. Simulation assumption description
In this section, we describe detailed methodologies/assumptions including TTI structures per normal subframe (1 msec), TBS determination scheme and dynamic control overhead calculation. Rest of  simulation assumptions are provided in Appendix A. 
2.1. TTI structure

Following Figure 1 shows the shortened TTI structure per one subframe assuming normal CP. For 1, 2 and 7 symbols of shortened TTI, length of TTI is kept constant during simulation time. As for 3/4 symbols of shortened TTI, the length of TTI is varying within a subframe as shown in Firgure 1-(b). For simplicity of simulation, it is assumed that the overhead of legacy PDCCH is assumed to be uniformly distributed over each shortened TTI within a subframe in the simulation instead of assuming fixed two OFDM symbols in the beginning.  
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(a) 7-symbol TTI


 (b) 3/4-symbol TTI
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(c) 2-symbol TTI 


  (d) 1-symbol TTI

Figure 1: Example of TTI structure for short TTI. 

2.2. TBS determination

TBS (transport block size) is determined based on both scheduled MCS index and allocated PRB size. Since the number of REs for PDSCH mapping will be decreased due to shortened TTI, it is needed to modify TBS determination. To do this, it can be considered that the reference PRB size for TBS determination is scaled down considering TTI size in a similar manner with TBS determination in special subframe. In this contribution, for simplicity, it is assumed that the reference PRB size for TBS determination with shortened TTI is set to the floor value of the ratio of the allocated PRB size over the number of TTIs per subframe. For example, if TTI consists of 2 symbols (2-symbol TTI) and the allocated PRB size is 50, then the reference PRB size for TBS determination is 7. 
2.3. Dynamic control overhead

Considering introduction of shortened TTI, it is necessary to calculate control overhead based on actual scheduling rather than defining control overhead in terms of the fixed number of OFDM symbols. For instance, if we consider each 2-symbol TTI has 1 OFDM symbol as control overhead, the control overhead becomes 50% which may not be realistic given that only one or two UEs will be scheduled in one TTI in this case. 
First of all, we assumed that control overhead for PCFICH, PHICH and CRS, which occupy 16 REs + 84 REs (considering N_g=1 and PRB size = 50) + 16*50 RE (Considering CRS-based TM (e.g. TM4) and 2-Tx CRS ports) = 900 REs, is distributed evenly to each TTI. For instance, if a subframe consists of 2 TTIs, then each TTI will have 450 REs for the control overhead for PCFICH, PHICH and CRS. Further refinement would be needed to control overhead considerations depending on the detailed control channel design for shortened TTI. For the simplicity of simulation, constant PCFICH/PHICH overhead is assumed regardless of actual scheduling. 
In addition, for sPDCCH overhead, we assume the necessary aggregation level of sPDCCH to a UE is computed based on long-term UE channel condition, namely UE geometry. The total number of allocated REs for sPDCCHs is derived based on the set of scheduled UEs’ geometry at the same time. According to link-level simulation results for sPDCCH in our companion contribution [2], the control overhead based on UE geometry can be given by Table 1. This control overhead can be varying in time based on actual scheduling. For example, if two UEs are scheduled by the same serving cell and their aggregation levels are 4 and 2, then the (E)PDCCH overhead of the cell is set to 216 (=144+72). Furthermore, depending of traffic load, the overall control overhead with this assumption can be smaller than one OFMD symbol. 
Table 1: (E)PDCCH overhead based on UE geometry.

	SINR region[dB]
	(-6, -3]
	(-3, 0]
	(0, 3]
	(3, +inf]

	Aggregation level
	8
	4
	2
	1

	# of REs
	288
	144
	72
	36


For fair comparison, we assumed that the control overhead based on UE geometry and scheduling is applied to reference system (normal TTI). 
3. Numerical results
It is expected that the benefits of shortened TTI may be affected by at least the control overhead, system load, RS overhead, FTP file size etc. In our simulation, we look at the performance of shortened TTI in different resource utilization conditions and different FTP file sizes. 
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Figure 2: UPT gain of shortened TTI over normal TTI.
In the first set of evaluations, we fix CQI report delay as 6msec and CQI report period as 5msec. Generally, shorter TTI may produce performance benefit from reduced HARQ process delay, for example, if 7-symbol TTI is used, in case of decoding failure, the corresponding retransmission will start 4msec rather than 8msec. Furthermore, with reduced RTT, overall hand-shaking latency and thus start-up time of FTP session will be considerably reduced. At the same time, the portion of control/RS overhead will be increased linearly with the shorter TTI unless control/RS overhead is also linearly scaled-down. 

Figure 2 illustrates the simulation results on the first set. Here, we measure relative performance gain of short TTI compared to 14 OFDM symbol TTI size (legacy TTI size). 

According to the evaluation results presented in Figure 2, we observed that both 1-symbol TTI and 2-symbol TTI have performance loss over reference system (normal TTI) in most cases even though traffic load is small. One of the main reasons of performance loss would be due to relatively increased control and RS overhead in very short TTI sizes. In terms of control overhead, not only DCI but also higher layer overhead would affect the overall user data rate. This problem may be mitigated if a UE can be scheduled with larger PRBs (considering system bandwidth is 20 MHz), or if control overhead is further reduced. Second, as the traffic load increases, the performance gain of shortened TTI is reduced. In case of 3/4-symbol TTI, the performance gain is observed only when reference RU is small. When RU is high, the increased control/RS overhead negatively affects the system performance and thus degrades the overall performance. 
Observation 1: Considering 10MHz system bandwidth, 

· Mostly, both 1-symbol TTI and 2-symbol TTI have worse UPT compared to normal TTI.

· At very low traffic load (reference RU=1%), all the TTI sizes have UPT gain over normal TTI, and the shorter TTI (e.g. 2-symbol TTI) can be beneficial in terms of UPT.  

· At low traffic load (reference RU=10~20%), the shortened TTI gains over normal TTI in terms of UPT when TTI length is 7 symbols and 3/4 symbols. 
· At medium to high traffic load (reference RU=50~60%), the shortened TTI has performance loss in terms of UPT compared to normal TTI. 
Based on simulation results, we observe that performance gain with 1 or 2 OFDM symbol TTIs would be very limited whereas it requires significant specification impacts. On the other hand, it seems there are potential performance gains with 3 or 4 OFDM symbol TTIs as long as control overhead and other overhead is maintained within reasonable range and the system load is small. In that sense, we propose to prioritize 3 or 4 OFDM symbol TTIs in addition to 7 OFDM symbols over 1 or 2 OFDM symbol TTIs. 
Proposal 1: For shortened TTI sizes, focus on 3/4 OFDM symbols and 7 OFDM symbols. For 3/4 OFDM symbol TTI size, it is necessary to further investigate control overhead reduction scheme.
To check the achievable gain of reducing control overhead per TTI, we evaluate the UPT gain of the case where (E)PDCCH control overhead is not considered while PCFICH, PHICH, and CRS overhead is still considered. We compare the results across various TTI sizes with the above case where control overhead described in section 2.3 is assumed. As shown in Figure 4, control overhead reduction is more effective in terms of UPT for shorter TTI since the amount of control region can increase as TTI size decreases. 
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Figure 4: UPT gain with control overhead reduction over the case where control overhead based on scheduling.

According to the agreed evaluation methodology for latency reduction, parameters relevant to CQI report can be set to multiples of TTIs rather than the unit of ms. For the third set of evaluations, we compares UPT gain of shortened TTI scheme across various combination of CQI report delay and CQI report period as presented in Figure 4. In case of 7-symbol TTI, CQI report delay or CQI report period can be reduced into 3ms or 2.5ms, respectively. In a similar manner, 3-symbol TTI can have 1.5ms-CQI report delay and 1.25ms-CQI report period. 
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Figure 5: UPT gain with various combinations of CQI report delay and CQI report period over the case where CQI report delay is 6ms and CQI report period is 5ms.
Figure 5 shows overall UPT gain of shortened TTI with various CQI report period/delay compared to legacy TTI size (i.e., 14 OFDM symbol TTI size). 

Regarding evaluation results in Figure 5, it is observed that as the traffic load increases, the gain achieved by reducing CQI report delay and/or CQI report period increases. Moreover, the achievable gain from reduced CSI report delay and/or period seems larger when TTI size is small. Overall, the effect of reduced CQI report delay is larger compared to reduced CQI report period across various TTI size and traffic load. As the reduction of CQI report period means increased feedback overhead, it is carefully investigated whether the gain is from smaller CQI measurement period or CQI report period. Overall, we observed that CQI measurement delay affects the performance more than CQI report period. Further investigation on interference measurement over shortened TTIs would be necessary to effectively support shortened TTI. 
Observation 2: Comparing with the case where both CQI report delay and period is not reduced, 
· The gain achieved by reducing CQI report delay/period increases as traffic load increases.

· The achievable gain of 3/4-symbol TTI with reduced CQI report delay/period is large compared to 7-symbol TTI. 

· Overall, reducing CQI report delay is more effective in terms of UPT gain compared to reduced CQI report period.
Proposal 2: It is necessary to investigate whether and how to enhance CQI measurement and/or feedback scheme considering latency reduction. 
4. Conclusion
In this contribution, we provide our evaluation results for latency reduction. The followings summarize our observations and proposals: 
Observation 1: Considering 10MHz system bandwidth, 

· Mostly, both 1-symbol TTI and 2-symbol TTI have worse UPT compared to normal TTI.

· At very low traffic load (reference RU=1%), all the TTI sizes have UPT gain over normal TTI, and the shorter TTI (e.g. 2-symbol TTI) can be beneficial in terms of UPT.  

· At low traffic load (reference RU=10~20%), the shortened TTI gains over normal TTI in terms of UPT when TTI length is 7 symbols and 3/4 symbols. 

· At medium to high traffic load (reference RU=50~60%), the shortened TTI has performance loss in terms of UPT compared to normal TTI. 

Observation 2: Comparing with the case where both CQI report delay and period is not reduced, 

· The gain achieved by reducing CQI report delay/period increases as traffic load increases.

· The achievable gain of 3/4-symbol TTI with reduced CQI report delay/period is large compared to 7-symbol TTI. 

· Overall, reducing CQI report delay is more effective in terms of UPT gain compared to reduced CQI report period.
Proposal 1: For shortened TTI sizes, focus on 3/4 OFDM symbols and 7 OFDM symbols. For 3/4 OFDM symbol TTI size, it is necessary to further investigate control overhead reduction scheme.
Proposal 2: It is necessary to investigate whether and how to enhance CQI measurement and/or feedback scheme considering latency reduction. 
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Appendix A
Table 1 summarizes system-level simulation parameters which this contribution assumes considering evaluation methodology agreed in RAN1#84 [1] as baseline. 

Table A.1: System-level simulation assumption
	Parameter
	Assumptions

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

	System bandwidth per carrier
	10MHz 

	Carrier frequency 
	2GHz

	Inter-site distance
	500m

	Total BS TX power (Ptotal per carrier)
	46dBm

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

	Fast UL Access schemes
	Optional: provided by companies

	RS and control signaling overhead
	2-port CRS + dynamic control overhead based on actual scheduling

	TBS determination
	Scalable with TTI length 

	HARQ RTT
	Scalable with TTI length 

	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

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

	Shadowing
	ITU UMa

	Antenna pattern
	3D

	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 

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

	Number of UEs 
	3/10/20/45 UEs per macro cell

	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, 100kB, 500kB]
RU [20%, 60%]

	CSI report period
	5, 10 TTIs and milliseconds between two consecutive reports
Note: Companies should provide details of CSI measurement

	CSI report delay
	6 TTIs and milliseconds

	TCP ACK delay
	8 ms


