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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]At RAN1#88 an incoming LS in [1] from RAN4, as a response to [2], informs RAN1 about ON/OFF time masks for sTTI. The exact duration of the transient period is still under discussion in RAN4.
In this contribution, we evaluate the impacts of the ON/OFF time mask on the UL performance of 2os TTI. From the simulation results we can see that even with a 20 us transient period duration as LTE, the performance of 2os sTTI is still acceptable for sPUCCH and sPUSCH with low or medium level MCS and certain option of time mask in [1].
Evaluation of UL ON/OFF time mask 
ON/OFF time mask
According to the reply LS from RAN4 [1], the general ON/OFF time mask for 2-OS TTI is illustrated in Figure 1, where the ramp up/down is done outside the TTI duration. For conciseness, we refer to this mask as mask type 1 in the following discussion. 

[bookmark: _Ref477269337]Figure 1 : Illustration of general ON/OFF time mask in sTTI, referred to as mask type 1
Another option is also presented in the reply LS as shown in Figure 2, where the ramp up is at the beginning of the 2os TTI. For conciseness, we refer to this mask as mask type 2 in the following. Note that the interfered duration in target sTTI is one transient period duration as shown in Figure 2.

[bookmark: _Ref477273950]Figure 2: Illustration of mask type 2
Simulated cases
In this contribution, we evaluate the impact of ON/OFF time mask on sPUCCH and sPUSCH performance of 2-OS sTTI. To this end, the following cases shown in Table 1 are considered, where the transmitted power of up/down ramp in each transient period increases/decrease linearly. The maximum power of the previous and next sTTI, whose transient period has interference to the target sTTI, is assumed to be identical to the target sTTI. Details of simulation assumptions can be found in Table 7 of appendix.
[bookmark: _Ref478031229]Table 1. Description of simulated cases
	Case
	sTTI pattern
	ON/OFF Time Mask
	Remarks

	
	
	Type
	Front (us)
	End (us)
	

	-
	[R D]
	-
	0
	0
	Ideal case as baseline / Mask type 1 with low traffic load

	1
	[R D]
	1
	20
	20
	

	2
	[D R]
	1
	20
	20
	Only evaluated for sPUSCH

	3
	[R D]
	2
	20
	0
	Mask type 2 with low traffic load

	4
	[R D]
	2
	20
	20
	



Simulation results
sPUCCH
In this section, the simulation results for the impacts of ON/OFF time mask on 2-OS sPUCCH carrying 1-bit ACK/NACK are presented. The sPUCCH structure option 2a-1 [3] is assumed, where the RS is transmitted in the first symbol and UCI is transmitted in the second one. 
[bookmark: _Ref478042962]Table 2. Performance loss of sPUCCH for 1-bit ACK/NACK compared to ideal case
	Performance Loss (dB)
	Case 1
	Case 3
	Case 4

	Single UE
	0.1
	0.1
	0.0

	4 UE multiplexing
	0.3
	0.3
	0.5


From Table 2 we can see that the performance loss of sPUCCH is negligible even in UE multiplexing scenario.
Observation 1: With 20us transient period, ON/OFF time mask has little impacts on the performance of sPUCCH, i.e, almost no degradation in single UE case, and <0.5dB degradation in 4UE multiplexing case.
sPUSCH
In this section, the simulation results for the impacts of ON/OFF time mask on 2-OS sPUSCH are presented.
[bookmark: _Ref478132909]Table 4. Performance loss of sPUSCH in 3km/h EPA channel model with 20us transient period
	Performance Loss (dB)
	Case 1
	Case 2
	Case 3
	Case 4

	QPSK+CR 1/3
	0.4
	0.5
	0.1
	0.3

	16QAM+CR 3/4
	-
	-
	0.1
	0.6

	64QAM+CR 5/6
	-
	-
	0.5
	8.7


“-” means that the sPUSCH cannot be demodulated correctly even with high SNR.
From Table 4 and Table 5, we can see that the performance loss varies significantly with different MCS and time mask types. With 20us transient period, the performance loss of low-level MCS, e.g., QPSK with 1/3 code rate is marginal with both time mask type 1 and 2, and performance loss of medium-level MCS, e.g., 16QAM with 3/4 code rate is marginal with mask type 2. Therefore, the following observations can be obtained:
Observation 2: With 20us transient period, ON/OFF time mask has little impacts on the performance of sPUSCH with low to middle MCS level. But the working region for sPUSCH with high level MCS would be increased largely by ON/OFF time mask.
Observation 3: The performance of sPUSCH with ON/OFF mask type 2 is better than that with type 1, especially with middle to high MCS level.
Moreover, for a target sTTI in low traffic load sTTI network, there are no other sTTI transmissions in its previous or next sTTI, then mask type 1 can be used to avoid power loss in target sTTI, which is the same with the ideal case. However, from the performance of case 3, it is shown that the performance loss of mask type 2 is marginal in low traffic load sTTI network.
In addition, the impacts of ON/OFF time mask with different transient period durations are evaluated, with the simulation results shown in Table 6.
[bookmark: _Ref478047161]Table 6. Impact of TP length on the performance of sPUSCH with medium or high level MCS
	Performance loss
	Case 1
	Case 4

	TP length
	5us
	10us
	15us
	20us
	5us
	10us
	15us
	20us

	16QAM+CR 3/4
	7.2
	-
	-
	-
	0.0
	0.1
	0.3
	0.6

	64QAM+CR 5/6
	-
	-
	-
	-
	0.0
	0.6
	2.3
	8.7


“-” means that the sPUSCH cannot be demodulated correctly even with high SNR.
From Table 6 we can see that the decrease of transient period duration has obvious benefits to on/off time mask type 2, especially for the high-level MCS scenario. There is a significant gain (6.4dB) when transient period decreases from 20us to 15 us with high level MCS and coding rate (64QAM and 5/6 coding rate). 
Observation 4: It is beneficial to decrease the transient period to 10 or 15 us, especially for the high-level MCS scenario.
Conclusion
In this contribution, we evaluated the impacts of the on/off time mask on the UL performance of 2os TTI, and make following observations:
Observation 1: With 20us transient period, ON/OFF time mask has little impacts on the performance of sPUCCH, i.e, almost no degradation in single UE case, and <0.5dB degradation in 4UE multiplexing case.
Observation 2: With 20us transient period, ON/OFF time mask has little impacts on the performance of sPUSCH with low to middle MCS level. But the working region for sPUSCH with high level MCS would be increased largely by ON/OFF time mask.
Observation 3: The performance of sPUSCH with ON/OFF mask type 2 is better than that with type 1, especially with middle to high MCS level.
Observation 4: It is beneficial to decrease the transient period to 10 or 15 us, especially for the high-level MCS scenario.
[bookmark: _GoBack]In summary, with the 20us transition period on/off time mask, the applicable scenario for 2/3 symbol sPUSCH with high MCS level would be reduced largely compared to the ideal case without transient period, but the impact on low to medium MCS level is marginal. In addition, if the transition period could be reduced to 10 or 15us, which depends on RAN4 discussion, the applicable scenario would be greatly improved even for high MCS level.
It is noted that the 20us transition period has little impact on the 2/3 symbol sPUCCH.
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Appendix
[bookmark: _Ref478119055]Table 7. Link-level simulation assumptions for short PUSCH
	Transient period duration
	20 us

	Transient period model
	the transmitted power of ramp up/down in transient period increases/decrease linearly

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	Allocated bandwidth
	25 PRBs

	TTI length
	2 symbols

	Channel model
	EPA 3km/h

	Antenna configuration
	1Tx (UE), 2Rx (eNB)

	CP length
	Normal

	Transmission mode
	TM1

	Receiver type
	MMSE

	Channel estimation
	Practical

	Link adaptation
	Disabled

	Modulation and
Code rate
	QPSK
1/3
	16QAM
3/4
	64QAM
5/6

	HARQ retransmission
	Disabled

	Performance metrics
	BLER
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