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1 Introduction
In last RAN4 meeting, WFs in [1] on UE ON/OFF mask for sTTI was approved and as follows.

WF1:

· Transient time (‘x’) for middle section

· Need to study the effect on demod for different values of ‘x’ (ex: 20 usec) on either side of the sTTI boundary 

· If no frequency hopping or power change ‘x’=0

· ‘t1’ =[20] usec (legacy value)

· Other values will be investigated if there is proper justification
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WF2:

· This is a case with no power change or frequency hopping between SRS and sTTI. 

· ‘t1’ and ‘t2’ should correspond to the transient times of the corresponding times for sTTI and SRS respectively?

· t1=[20]usec for example

· t2=[20]usec for example

· Other values will be investigated if there is proper justification
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WF3:

· In case of the middle transient (in case of power change or freq hopping between SRS and sTTI)

· 3 possible options:

1. The transient time should be shared between SRS and DMRS or

2. The transient time should be completely in DMRS and protect SRS  as shown below. 

3. Or if the transient time to be in SRS ONLY and protect DMRS.

· What should be the value of the transient time between SRS and sTTI?
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In this contrbution, we further study on time masks for SRS adjacent to DMRS case and transient time for 2OS sPUCCH frequency hopping. 

2 Time mask on SRS adjacent to sTTI in case of power changes
As indicated in WF3 in [1], the time masks for SRS adjacent to DMRS in case of the middle transient for power change or freq hopping needs further studies. In our view, no matter the transient will be in SRS symbol or DMRS symbol, the performance will be impact significant due to SRS and DMRS are of considerable importance for demodulation, e.g. Fig 1(a) and 1(b) are the illustration that the SRS is prior (left) or after (right) adjacent sTTI and the transient happens in completely in DMRS symbol.
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    Fig. 1(a) SRS is prior adjacent sTTI
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           Fig. 1(b) SRS is after adjacent sTTI


According to RAN1’s dicussion on sTTI, the DMRS is recommended prior of data symbol in sTTI to achieve fast demodulation as much as possible.

For the cases SRS adjacent to sTTI in case of power changes, if the SRS is prior adjancent sTTI and first symbol of sTTI is DMRS, then the CP (4.7us) of DMRS can be used to eliminate the initial impact of transient. If transient time can be totally within CP period, the advantage to use CP of DMRS to eliminate the impact to sTTI will be more obviously. But in general, if the first symbol is data and second symbol is DMRS in the first sTTI duration, then the transient can be totally in sTTI(Fig 2(a)) and the performance lose to first sTTI could be acceptable. Meanwhile, the follow on sTTIs can use the first symbol as DMRS to accelerate demodulation.
If the SRS is after adjacent sTTI, then the transient can completely in data symbol to protect SRS. The impact to data symbol may be acceptable and can further evaluation, Fig 2(b).
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 Fig. 2(a) transient time is completely in data symbol for SRS is prior adjancent sTTI 
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     Fig. 2(b) transient time is completely in data symbol for SRS is after adjacent sTTI


Proposal: Fig 2(a) and Fig 2(b) adopted as the time masks for SRS is scheduled prior or after the adjacent sTTI which the power is changed between SRS and sTTI. 
3 LLS results on sequence based sPUCCH with Intra-TTI hopping 
The sPUCCH design is under discussion in RAN1. We simulate the following two cases on 2OS sequence-based sPUCCH modulation with Intra-TTI hopping. The simulation assumption and transient period modeling are summarised in Annex.
· Case 1: Single sTTI transmission with intra-TTI hopping
For single sTTI transimission, different values of transient time (‘y’) in the middle section needs to be studied the effect on demod sPUCCH for  intra-TTI hopping, we use the time mask in among different sTTI duration as shown in Fig.3
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Fig.3 Time mask in single sTTI duration with intra-TTI hopping
Table 1 below summarise the SNR satisfying all performance metrics for 2-bit ACK/NACK for 2OS sequence based sPUCCH with frequency hopping under different transient period. Even it needs a transient period between frequency hopping and assuming the worst case y = 20 us, the performance of sequence based sPUCCH only has ~1.2 dB loss on SNR.  If the middle transient period y = 5 us, it will cost SNR 0.2dB loss for 2bit ACK/NACK transmission compared with no transient time.
Table 1 SNR satisfying all performance metrics for 2-bit ACK/NACK for 2OS sequence based sPUCCH with frequency hopping under different transient period.  
	Channel model
	Transient period value y / us

	
	0
	5
	10
	20

	EPA
	0.5 dB
	0.7 dB
	1 dB
	1.7 dB

	ETU
	0.8 dB 
	1 dB
	1.3 dB
	2 dB


· Case 2: Multiple sTTI transmission with power changes and intra-TTI hopping
For instance, except for the sPUCCH transmission in sTTI #n, UE also needs to transmit sPUCCH/sPUSCH in sTTI #n-1 and #n+1, then the transient period will occupy part of the sTTI duration of sTTI #n. We use the time mask with power changes between sTTIs as shown in Fig.4. 
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Fig.4 Time mask in multiple sTTI duration with intra-TTI hopping
Table 2 below summarise the SNR satisfying all performance metrics for 2-bit ACK/NACK in 2OS sequence based sPUCCH. For the worst case x=20us, y=20us, sequence based sPUCCH would have 2.4 dB performance degradation for both EPA and ETU channel model compared with no transient. For the case x=10us, y=5us, sequence based sPUCCH would have ~0.7 dB performance degradation for both EPA and ETU channel model compared with no transient time. 
Table 2 SNR satisfying all performance metrics for 2-bit ACK/NACK in 2OS sequence based sPUCCH
	sPUCCH structure
	Channel model
	Transient period value x, y / us

	
	
	x =y=0 us.
	x = 10 us, y =5 us.
	x = 10 us, y = 10 us.
	x = 20 us, y = 20 us.

	Sequence-based w/ hopping
	EPA
	0.5 dB
	1.2 dB
	1.5 dB
	2.9 dB

	
	ETU
	0.8 dB
	1.4 dB
	1.7 dB
	3.2 dB


Observation: It is acceptable that the performance degradation for no or small transient period (e.g. 2×5us) for intra-TTI hopping case and 2×10us for the boundary of sTTI from LLS results.
4 Conclusion
This contribution provides further study on time masks for SRS adjacent to DMRS case and transient time for sPUCCH frequency hopping. 
It is proposed:
· Fig 2(a) and Fig 2(b) adopted as the time masks for SRS is scheduled prior or after the adjacent sTTI which the power is changed between SRS and sTTI.
· Regarding WFs in [1], ‘t1’ can keep the legacy value as 20 usec and ‘x’  can set 10 usec on either side of the boundary for multiple sTTI transmission, ‘y’ can as 5 usec on either side of the intra-TTI hopping side based on LLS results.
Reference

[1] R4-1702507, WF: UE ON/OFF mask for sTTI, Qualcomm, Ericsson, ZTE, Nokia, Huawei
Annex 
· Simulation assumption
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz 

	TTI length
	2OSsymbols

	Channel model 
	EPA, ETU

	UE speed 
	3km/h 

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

	CP length
	Normal

	Modulation mode
	sequence-based

	Channel estimation
	Practical channel estimation (LS w/ or w/o noise cancellation)

	Transient period
	0, 5, 10, 20 us

	Performance metrics
	For HARQ-ACK: ACK missed detection probability (1%), NACK-to-ACK error probability (0.1%);  DTX-to-ACK probability (1% ).


· TP modeling 
Since it has been agreed that the time mask is out of the sTTI duration for single sTTI transmission, the power state transition at the boundary of sTTI can be taken as from “ON” to “ON” in case of multi-sTTI transmission. For intra-sTTI hopping, the power state transition is also from “ON” to “ON”.
To facilitate the modeling, we can separate the “ON” to “ON” transition into two parts, i.e., “ON” to “OFF” and then “OFF” to “ON”. 
“ON” to “OFF” or “OFF” to “ON” modeling: 
The samples in the TP can be assumed to be evenly distributed. That is the power of different samples is linearly changed in the TP. Assume the normalized power is 1, the sample power can be given as p(n) = n/N, in which n is the index of the sample and N is the total number of samples in the TP.  
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