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Introduction
At the RAN1 #89 meeting, the following agreements were reached [1]:
· The impact of transient period of short TTI (sTTI) should be taken into account for study and evaluation of PC5 operation with sTTI
· Companies should provide assumptions for noise/interference estimation at least for Rel-14 UEs and how it is reflected in the simulation (e.g., link-to-system mapping)
· To include the additional mixed transmission scenario for V2X sTTI evaluation assumption
· Periodicity of 20ms for R15 and periodicity of 100ms for R14 in case of 140km/h
· Percentages of R14 and R15 UEs is 50%-50% for mixed scenario 1 and is up to companies for mixed scenario 2 (must be reported)
· Mixed scenario 2 is lower priority than mixed scenario 1
In this contribution, a candidate sTTI solution for Rel-15 sidelink is provided, including the sTTI structure and measurement/resource (re-)selection. The corresponding simulation results can be found in our companion contribution [2]. 
Discussion on sTTI solution for Rel-15 sidelink
sTTI structure
Four sTTI lengths were considered in the sTTI SI: 1OS, 2/3OS, 3/4OS and 7OS. It is reasonable to consider the same sTTI options for R15 PC5 sidelink design.
The 1OS option was discussed and was ruled out in the sTTI discussion. There are some open issues for the 4OS option and sTTI is currently focusing on the 2OS and 7OS options. For 2OS, DMRS overhead on the uplink is an issue. For cellular sTTI, a solution that is being discussed is to share DMRS between the same or different UEs so that DMRS does not need to be sent every sTTI. For V2X sidelink, due to the lack of information and the UE mobility, it seems difficult to apply such a solution. In particular, the timings of different UEs will not be aligned, which makes sharing DMRS symbols challenging. Thus, 2OS does not appear promising for V2X sidelink. In addition, the current V2X design uses one symbol for AGC setting and one symbol as guard time. This would be an issue for 2OS.
Proposal 1: RAN1 focuses on 7OS sTTI length for PC5 operation with sTTI.
DMRS location and transmission
As shown in Figure 1, with 2 sTTIs within one subframe, the DMRS locations can be aligned with a 1ms TTI. This simplifies the sensing operation since the Rel-15 UEs can measure the RSRP of both the normal TTI transmissions and the sTTI transmissions at the same locations.
Proposal 2: DMRS location in a sTTI lines up with the DMRS location of a 1ms TTI.
When two UEs transmit data in consecutive sTTIs in 1ms, a legacy UE will settle its AGC on the first symbol of the first sTTI. When the second sTTI is transmitted, the AGC setting may be off, thus leading to power clipping. To resolve this issue, a shared AGC symbol can be considered: a UE transmitting in the second sTTI can also transmit in the first symbol of the first sTTI so that the AGC of legacy UEs can be set up properly. 
[image: ]
[bookmark: _Ref490139874]Figure 1. sTTI structure with shared AGC symbol
Proposal 3: The UE transmitting data in the second sTTI of a 1ms subframe also transmits in the first symbol of the first sTTI so that legacy UEs can properly settle their AGCs.
sTTI SCI vs legacy SCI
The first question to address is whether a sTTI SCI or a legacy SCI will be used. For the legacy SCI, there are two options:
Option 1: A UE occupies only one sTTI for data in 1ms, and the other one is used by another UE, as shown in Figure 2. In the left figure, according to the Rel-14 mechanism, the two SCIs from the two UEs will occupy the same time and frequency resources and would collide. To resolve the collision issue, in the right figure, the two SCIs can occupy different frequency resources in the same TTI. However, the implicit resource assignment of the data based on the occupied SCI resources cannot be used. In addition, a Rel-14 UE, after receiving the SCI2, will measure a wrong RSRP measurement and the performance of sensing will be degraded.
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[bookmark: _Ref490139999]Figure 2. Legacy SCI – Option 1
Option 2: A UE occupies the two consecutive sTTIs in 1ms, as shown in Figure 3. Since the data will not be decoded until the legacy SCI is received correctly, the latency is not reduced. In addition, the TBs in the two sTTIs will be decoded at the same time after the legacy SCI is received correctly, thus will not provide latency benefits. This option does not have any significant advantage over a Rel-14 normal TTI.


[bookmark: _Ref490140034]Figure 3. Legacy SCI – Option 2
With a sTTI SCI, as shown in Figure 4, the SCIs in the first sTTI and the second sTTI in 1ms can occupy the same frequency resource and different time resources, so the collision issue in option 1 will not happen. In addition, in the first sTTI, after the sTTI SCI is correctly received by Rel-15 UEs, the corresponding data can also be decoded, thus providing a latency reduction. Note that Rel-14 UEs will not be able to decode the SCI, and will just rely on power sensing to determine resource occupancy. However, as shown in our companion contribution [2], the performance impact is small.
Observation: using an sTTI for both data and control information provides latency benefits 


[bookmark: _Ref490140060]Figure 4. STTI SCI
Proposal 4: A short TTI is used for SCI addressing sTTI data.
Sensing mechanism for UEs supporting sTTI
A Rel-15 UE needs to sense both sTTIs and normal TTIs. In this section, we discuss how the sensing mechanism of Rel-14 UEs can be extended to support sTTI.
Definition of sTTI candidate resource
In Rel-14, a candidate resource for V2X transmission is defined as a set of contiguous sub-channels in a single subframe. In Rel-15, considering the 7OS sTTI length, one sTTI data transmission will occupy a set of contiguous sub-channels in a single slot. Thus, a Rel-15 sTTI candidate resource will have to be redefined. 
Proposal 5: Define a Rel-15 sTTI candidate resource as a set of contiguous sub-channels in one single slot.
Measurements
According to 36.214 [3], the AGC symbol and Gap symbol are not included for RSSI measurements. Thus, depending on when the measurement is performed, and on what (1ms TTI or sTTI), the symbols to be used for RSSI measurement are different, and are given in Table 1.
Table 1. The symbols for RSSI measurement
	
	First slot
	Second slot

	Normal TTI
	2nd ~7th symbols
	1st ~6th symbols

	sTTI
	2nd ~6th symbols
	1st /2nd ~6th symbols



Note that in the column of ‘First slot’, the RSSI measurements of normal TTI and sTTI are not aligned, which will cause ambiguity in some cases. For instance, if a UE wants to measure the RSSI of 6 subchannels in a sTTI, the first 3 subchannels being occupied by a normal TTI while the other 3 ones are for a sTTI, whether the 7th symbol should be used for RSSI measurement is unclear. However, for the first slot in a normal TTI, since RSSI is an average value, the RSSI of 2nd ~7th symbols and the RSSI of 2nd ~6th symbols should be similar. Thus, the RSSI measurement of the first slot in a normal TTI can align with that of a sTTI. Note that in the column of ‘Second slot’, if the shared AGC is applied to sTTI, the 1st symbol in the 2nd slot can also be used for data transmission. Otherwise, this symbol is used for AGC and will not be used for RSSI measurement. To make the normal TTI and the 2nd slot in a sTTI aligned and avoid the potential ambiguity, 2nd ~6th symbols can also be used for RSSI measurement.
Proposal 6: RSSI measurements are done on 2nd ~6th symbols both for the first slot and the second slot.

Conclusion
In this contribution, the candidate sTTI solution for Rel-15 sidelink is discussed the following conclusions and observations are made:
Observation: using an sTTI for both data and control information provides latency benefits 
[bookmark: _GoBack]Proposal 1: RAN1 focuses on 7OS sTTI length for PC5 operation with sTTI.
Proposal 2: DMRS location in a sTTI lines up with the DMRS location of a 1ms TTI.
Proposal 3: The UE transmitting data in the second sTTI of a 1ms subframe also transmits in the first symbol of the first sTTI so that legacy UEs can properly settle their AGCs.
Proposal 4: A short TTI is used for SCI addressing sTTI data.
Proposal 5: Define a Rel-15 sTTI candidate resource as a set of contiguous sub-channels in one single slot.
Proposal 6: RSSI measurements are done on 2nd ~6th symbols both for the first slot and the second slot.
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