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Introduction
In the new WID on 3GPP V2X phase 2 [1], the following objective is listed 
Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2] 
a) A following decision for normative work is up to consensus at RAN.
In this contribution, we present our views on the design options for PC5 operation with short TTI, and discuss the feasibility and effect of these options.
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Background
In 3GPP LTE release 8, a transmit time interval (TTI) corresponds to one subframe of length 1 ms. One TTI consists of two slots, with each slot consisting of 7 OFDM or SC-FDMA symbols in the case of normal cyclic prefix, or 6 OFDM or SC-FDMA symbols in the case of extended cyclic prefix. In 3GPP LTE Release 14, a study item on latency reduction has been conducted, with the goal of specifying transmissions with shorter TTIs, such as a slot or a few symbols [2]. The new data and control channels transmitted within a short TTI are named by sPDSCH and sPDCCH for DL, and sPUSCH and sPUCCH for UL. In the ongoing work item on shortened TTI and processing time [3], it has been agreed to support a slot-based short TTI for FS2, and a short TTI length of 2 symbols and 1 slot for FS1. An sPDSCH/sPUSCH is scheduled by a UE-specific sDCI, which can be transmitted on a symbol basis. To reduce the design complexity, fixed short TTI patterns in OFDM/SC-FDMA symbols per subframe are supported for 2-symbol short TTI in both DL and UL. 
By reducing the length of a TTI and maintaining the bandwidth, the processing time at the transmitter and the receiver nodes can be reduced, due to less data to process within the short TTI. For example, by reducing the TTI length from 14 symbols to 7 symbols, the minimum UL scheduling timing, the time relation between a received UL grant and the corresponding UL transmission, can be reduced. 
PC5 operation with short TTI
Short TTI and sidelink transmission modes
In 3GPP Release 14, two transmission modes have been specified for PC5 based V2X operations.
· In mode 3, the eNB controls the sidelink transmissions. A UE is explicitly assigned, by means of a scheduling grant received from the eNB, a set of resources for transmission of PSCCH and PSSCH. This scheduling mode only applies to in-coverage UEs. 
· In mode 4, a UE by itself selects the set of resources for transmission of PSCCH and PSSCH according to a distributed resource allocation algorithm. This scheduling mode applies both to in-coverage and out-of-coverage UEs.
For mode 3 based PC5 transmissions, the delay between a received scheduling grant from the eNB and the corresponding PSCCH/PSSCH transmission can be reduced, if short TTI is supported by both Uu and PC5 interfaces.
[bookmark: _Toc477782298][bookmark: _Toc477787467][bookmark: _Toc477788730][bookmark: _Toc477883870][bookmark: _Toc477885033][bookmark: _Toc477892004][bookmark: _Toc477898886][bookmark: _Toc477899031][bookmark: _Toc478105970][bookmark: _Toc478113991][bookmark: _Toc478141922]Support short TTI for both Uu and PC5 operations can reduce the latency for mode 3 based PC5 transmissions.
As we have discussed in the introduction, there is an ongoing WI on sTTI for UL/DL transmissions. Our position is that, if Mode 3 sTTI transmission is supported, then sTTI transmissions over the Uu interface should reuse the existing/ongoing sTTI specification work.
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For mode 4 based PC5 transmissions, if a UE selects resources for transmission of a packet at subframe n, the distributed resource allocation algorithm specifies that the transmission (including possible retransmissions) will take place in subframes in the interval [n+T1, n+T2], where T1<=4 and T2>=20. This implies that without reducing the value of T2, the latency reduction by shortening the TTI length from 1 subframe to a few SC-FDMA symbols is small. We discuss possible reduction of T2 in [4].
[bookmark: _Toc477782299][bookmark: _Toc477787468][bookmark: _Toc477788731][bookmark: _Toc477883871][bookmark: _Toc477885034][bookmark: _Toc477892005][bookmark: _Toc477898887][bookmark: _Toc477899032][bookmark: _Toc478105971][bookmark: _Toc478113992][bookmark: _Toc478141923]For mode 4 based PC5 transmissions, the latency reduction gain by shortening the TTI length is small, if the lower bound of T2 is not reduced. 
Short TTI with different SA design
Short TTI with legacy SA 
For Release 14 PC5 operation, the legacy SA and data are multiplexed in an FDM fashion and transmitted simultaneously in the same subframe. If the legacy SA format is reused for PC5 operation with short TTI, the RX UE must wait until the end of the subframe to be able to obtain the sidelink control information by decoding the SA first, and then starting to decode the data. Therefore, short TTI with legacy SA format is not beneficial for reducing the latency for PC5 transmissions.
On the other hand, short TTI with legacy SA can be useful for increasing the reliability of PC5 transmissions. For example, a few consecutive symbols or one short TTI from a subframe may be reserved such that instead of transmitting data, the UE performs sensing during this time duration to improve the resource selection efficiency and reduce the resource collision probability.     
[bookmark: _Toc477782303][bookmark: _Toc477787472][bookmark: _Toc477788733][bookmark: _Toc477883873][bookmark: _Toc477885036][bookmark: _Toc477892007][bookmark: _Toc477898889][bookmark: _Toc477899033][bookmark: _Toc478105972][bookmark: _Toc478113993][bookmark: _Toc478141924]Short TTI with legacy SA format is not beneficial for latency reduction purposes but may be useful for increasing reliability purpose.
[bookmark: _Toc477788871][bookmark: _Toc477883859][bookmark: _Toc477885044][bookmark: _Toc477892015][bookmark: _Toc477898895][bookmark: _Toc477899039][bookmark: _Toc478105987][bookmark: _Toc478109847][bookmark: _Toc478114000][bookmark: _Toc478141931]Study the design options for PC5 operation with short TTI and legacy SA only for increasing reliability purposes. 
Short TTI with new SA
If new SA format is supported for PC5 operation with short TTI, then the time duration of the SA can be aligned with the data channel. This implies that the RX UE can start SA and data decoding at the end of the short TTI instead of waiting until the end of the subframe. However, since the time duration for SA is reduced compared to the legacy SA format, it is important to consider a new SA format with a reduced payload size if the same coverage performance should be guaranteed. 
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For mode 4 based PC5 operation, when the minimum value of T2 can be reduced, then, the latency reduction gain can be significant by shortening the TTI length, if the new SA is aligned with data channel in time domain. For instance, consider T1=3 and T2=5, shortening TTI from 1ms to 0.5 ms can result in 10% to 17% latency reduction. Reducing T1 is useful from a reliability point of view.
[bookmark: _Toc477782300][bookmark: _Toc477787469][bookmark: _Toc477788735][bookmark: _Toc477883875][bookmark: _Toc477885038][bookmark: _Toc477892009][bookmark: _Toc477898890][bookmark: _Toc477899034][bookmark: _Toc478105973][bookmark: _Toc478113994][bookmark: _Toc478141925]For mode 4 based PC5 transmissions, the latency reduction gain by shortening the TTI length can be large, if the lower bound of T2 is reduced. Reducing T1 is also interesting from a reliability point of view.
One drawback of reducing the maximum value of T2 is that, if several UEs select resources at the same time, the probability of resource collision, i.e., the probability that multiple UEs transmit on the same resources within the time window [n+T1, n+T2], will increase. Introducing short TTIs can reduce this resource collision probability, since the number of possible transmissions (the number of short TTIs) is increased within the time window. Therefore, combining short TTI and reducing T2 can be a good solution for reducing latency for mode 4 based PC5 transmissions.
[bookmark: _Toc478105974][bookmark: _Toc478113995][bookmark: _Toc478141926]For mode 4 based PC5 transmissions, shortening TTI can reduce the resource collision probability.

Coexistence aspects
[bookmark: _Toc477869111][bookmark: _Toc477883877][bookmark: _Toc477885040]If a new SA format is introduced, then it is important to study the issues related to coexistence with Rel-14 UEs. There are two important aspects to consider:
1. Impact to sensing and resource selection by Rel-14 UEs.
2. Resource selection by the Rel-15 UEs using sTTI.
Regarding the first issue, using a different SA format clearly creates a problem to the sensing-based resource allocation mechanism. We distinguish three cases:
· Single-shot sTTI transmission without repetition. In this case, the sTTI transmission is independent from past and future transmissions. Although Rel-14 UEs may not sense correctly this type of sTTI transmissions, this is not important because they are not relevant from a sensing point of view. In this respect, single-shot sTTI transmissions have the same impact on other UEs than legacy single-shot transmissions.
· Single-shot sTTI transmission with repetition. Compared to the previous case, when using two transmissions for a TB, by reading the SA it is possible to predict the utilization of the resources used for the retransmission. The actual performance degradation experienced by Rel-14 UEs would depend on the amount of sTTI transmissions. 
· sTTI transmission with resource reservation. In this case, the entire chain of SAs is not decodable by Rel-14 UEs, potentially creating a large impact on them. Moreover, we believe that short-latency periodic transmissions are already well covered in the current spec.
[bookmark: _Toc477892011][bookmark: _Toc477898891][bookmark: _Toc477899035][bookmark: _Toc478105975][bookmark: _Toc478113996][bookmark: _Toc478141927]Single-shot sTTI transmission without repetition has no additional impact on Rel-14 UEs.
[bookmark: _Toc477883878][bookmark: _Toc477885041][bookmark: _Toc477892012][bookmark: _Toc477898892][bookmark: _Toc477899036][bookmark: _Toc478105976][bookmark: _Toc478113997][bookmark: _Toc478141928]The impact of sTTI transmission with repetition depends on the amount of such transmissions. Further study is necessary.
[bookmark: _Toc477883879][bookmark: _Toc477885042][bookmark: _Toc477892013][bookmark: _Toc477898893][bookmark: _Toc477899037][bookmark: _Toc478105977][bookmark: _Toc478113998][bookmark: _Toc478141929]sTTI transmission with resource reservation has large impact on Rel-14 UEs. In addition, the benefits are unclear.
[bookmark: _Toc477869117][bookmark: _Toc477883861][bookmark: _Toc477885046][bookmark: _Toc477892017][bookmark: _Toc477898898][bookmark: _Toc477899042][bookmark: _Toc478105989][bookmark: _Toc478109849][bookmark: _Toc478114002][bookmark: _Toc478141933]If a new SA format is introduced, single-shot sTTI without resource reservation, with and without retransmission, is to be studied further.
[bookmark: _Toc477883862][bookmark: _Toc477885047][bookmark: _Toc477892018][bookmark: _Toc477898899][bookmark: _Toc477899043][bookmark: _Toc478105990][bookmark: _Toc478109850][bookmark: _Toc478114003][bookmark: _Toc478141934]If a new SA format is introduced, sTTI transmission with resource reservation is not supported.
Regarding the second issue (i.e., the way in which UEs using sTTI with new SA format select resources), we believe that these UEs should follow the same procedure as Rel-14 UEs. That is, no new sensing and resource allocation procedures are defined for UEs using sTTI.
[bookmark: _Toc477892019][bookmark: _Toc477898900][bookmark: _Toc477899044][bookmark: _Toc478105991][bookmark: _Toc478109851][bookmark: _Toc478114004][bookmark: _Toc478141935]If mode-4 based sTTI transmission is supported, the Rel-14 resource allocation protocol is used without changes.
Conclusion
References in the text [1].
Here there are two lists, one listing observations, and one listing proposals. Listing observations are not always needed, but listing proposals are always useful. To update a list, place the cursor inside the list and press F9. 
In section 2 we made the following observations:
Observation 1	Support short TTI for both Uu and PC5 operations can reduce the latency for mode 3 based PC5 transmissions.
Observation 2	For mode 4 based PC5 transmissions, the latency reduction gain by shortening the TTI length is small, if the lower bound of T2 is not reduced.
Observation 3	Short TTI with legacy SA format is not beneficial for latency reduction purposes but may be useful for increasing reliability purpose.
Observation 4	For mode 4 based PC5 transmissions, the latency reduction gain by shortening the TTI length can be large, if the lower bound of T2 is reduced. Reducing T1 is also interesting from a reliability point of view.
Observation 5	For mode 4 based PC5 transmissions, shortening TTI can reduce the resource collision probability.
Observation 6	Single-shot sTTI transmission without repetition has no additional impact on Rel-14 UEs.
Observation 7	The impact of sTTI transmission with repetition depends on the amount of such transmissions. Further study is necessary.
Observation 8	sTTI transmission with resource reservation has large impact on Rel-14 UEs. In addition, the benefits are unclear.

Based on the discussion in section 2 we propose the following:
Proposal 1	If mode 3 PC5 operation with short TTI is supported, any necessary sTTI feature for Uu reuses the existing/ongoing sTTI specification work.
Proposal 2	Study the design options for PC5 operation with short TTI and legacy SA only for increasing reliability purposes.
Proposal 3	If short TTI with new SA is specified, a new SA format with reduced payload is introduced.
Proposal 4	If a new SA format is introduced, single-shot sTTI without resource reservation, with and without retransmission, is to be studied further.
Proposal 5	If a new SA format is introduced, sTTI transmission with resource reservation is not supported.
Proposal 6	If mode-4 based sTTI transmission is supported, the Rel-14 resource allocation protocol is used without changes.
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