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1 Introduction

At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved. One of the main RAN1 WG objectives is to study feasibility and gain of PC5 operation with short TTI [1]:

	1. 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]


In this contribution, we discuss potential support of short TTI transmissions for sidelink V2V communication. The preliminary system level analysis of short TTI performance for sidelink V2V communication is presented in [3], while the remaining details of evaluation methodology for short TTI analysis are provided in [4]. Our views on other V2V PC5 enhancements are provided in companion contributions [5]-[10].
2 Sidelink Short TTI Scenarios
According to our interpretation of [1], there may be four possible scenarios when short TTI (S-TTI) can be used considering relationship with legacy/long TTI (L-TTI) operation:

· Scenario 1. S-TTI and L-TTI (legacy/long) coexist in R14 resource pool, with SCI-Format 1 (SCI-F1) transmission.
· In this scenario, S-TTI and L-TTI transmissions share the same resource pool. The R15 UE utilizes S-TTI for communication with R15 UEs and transmits legacy SCI-F1 (i.e. according to R14), so that it can be received/decoded by R14 UEs and used for sensing and resource selection.
· Scenario 2. S-TTI and L-TTI coexist in R14 resource pool, without SCI-F1 transmission.

· In this scenario, S-TTI and L-TTI transmissions share the same resource pool. The R15 UE utilizes S-TTI for communication with R15 UEs, but does not transmit legacy SCI-F1. In this case, R14 UEs are not aware about potential R15 transmissions, and thus cannot properly take into account R15 S-TTI transmissions following R14 sensing and resource selection (e.g. resource exclusion step). It is still possible to use energy sensing (S-RSSI measurements) and resource ranking to avoid collision with S-TTI transmission, however it does not differentiate priority.
· Scenario 3. S-TTI and L-TTI use different pools, with SCI-F1 transmission enabled.
· In this scenario, there is no coexistence/compatibility issue when R14/R15 UEs share resource pool, since different pools are used for S-TTI and L-TTI transmissions. In this case, the need to transmit SCI-F1 is not justified and needs to be further analyzed jointly with the option w/o SCI-F1 transmission (i.e. Scenario 4).

· Scenario 4. S-TTI and L-TTI use different pools, without SCI-F1 transmission.

· In this scenario, there is also no coexistence/compatibility issue between R14/R15 UEs, sharing the same resource pool. The R15 UEs may benefit from the reduced latency, half-duplex and inband emission effects although may suffer from link budget perspective, when S-TTI is utilized.
Based on the discussion, Scenarios 3 and 4 can be considered as a green field deployment scenarios (i.e. R15 only) without compatibility considerations and can be enabled at dedicated S-TTI CCs. From compatibility/coexistence perspective, the SCI-F1 transmission in Scenario 3 is redundant and therefore this scenario can be excluded from this perspective. The Scenario 4 can be considered as the most promising in terms of R15 performance, however its benefits still need to be analyzed. The remaining scenarios (Scenario 1 and Scenario 2) may have multiple technical challenges that need to be addressed and further analyzed in this contribution.

Observation 1
· Short TTI transmission may be beneficial in standalone deployment scenarios, while having significant technical challenges in legacy / mixed scenarios.
3 Short TTI Design Challenges in Scenario 1 & 2
Support of short TTI (S-TTI) for LTE V2V sidelink communication in Scenarios 1 & 2 has multiple technical challenges that should be carefully analyzed.
3.1 Impact on LTE R14 V2V sensing and resource selection

The support of S-TTI in the same resource pool may have significant impact on sensing and resource selection procedure. The impact is expected to be different depending on whether SCI-F1 is transmitted or not (i.e. Scenario 1 & 2).

Scenario 1 (SCI-F1 is transmitted by R15 UE)
In Scenario 1, the SCI-F1 is transmitted by R15 UE over L-TTI (i.e. according to the LTE R14 design). The R15 PSSCH data is transmitted in R15 S-TTI allocations, while the additional R15 SCI control signaling may be also enabled inside of S-TTI PSCCH allocation (sPSCCH), if needed.
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Figure 1: R15/R14 PSCCH/PSSCH multiplexing (Scenario 1).

In case of successful PSCCH reception (which performance needs to be analyzed in the presence of S-TTI transmissions), the R14 UE can potentially detect the presence of R15 UE transmission and thus can take this information into account for resource selection. The following impact is still expected:

· PSSCH-RSRP measurement.
· If R15 UE does not transmit all four DMRSs per subframe, the PSSCH-RSRP measurements may be affected (biased).
· S-RSSI measurement.
· If R15 UE transmits only on S-TTI portion of subframe the S-RSSI measurement is affected (biased).
The impact of inaccurate PSSCH and S-RSSI measurements on R14 sensing and resource selection procedure as well as on overall performance needs to be further studied.

In terms of R15 sensing and resource selection procedure, it needs to be further analyzed whether sensing modifications are needed to decide which S-TTI resource should be selected for S-TTI transmission. In particular, the PSSCH-RSRP and S-RSSI measurements may need to be defined per S-TTI allocation rather than the whole subframe duration (i.e. additional measurement granularity may be introduced).
Observation 2
· Short TTI transmission, even if it is accompanied by legacy SCI-Format 1, has noticeable impact on R14 sensing and resource selection procedure including PSSCH-RSRP, S-RSSI measurements.
Scenario 2 (R14 UE is not aware about R15 UE transmissions)

In Scenario 2, the legacy SCI-F1 is not transmitted by R15 UE. The R15 PSSCH data is transmitted in R15 S-TTI allocations, while the additional R15 SCI control signaling may be also carried inside of S-TTI allocation, if needed.
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Figure 2: R15/R14 PSCCH/PSSCH multiplexing (Scenario 2).

In this case, the R14 sensing and resource selection procedure is affected even more significantly. The following impact is expected on R14 sensing and resource selection:
· Priority support

· Information about R15 transmission priority is not available to R14 UEs and thus transmission priority of R15 UEs cannot be respected by R14 sensing and resource selection procedure. On the other hand R15 UEs can respect priority of R14 transmission and therefore there is no issue from the R14 performance perspective.
· PSSCH-RSRP measurement

· This measurement is not available for S-TTI R15 transmissions. Therefore the resource exclusion step of resource selection procedure cannot be properly applied.

· S-RSSI measurement

· S-RSSI measurement is affected (biased) similar to the Scenario 1. The ranking and resource selection procedure may help to exclude high energy resources occupied by S-TTI transmissions.
The same set of design aspects as for Scenario 1 needs to be analyzed with respect to R15 sensing and resource selection procedure by R15 UEs (i.e. granularity of PSSCH-RSRP and S-RSSI measurements and impact on resource selection).
Observation 3
· Standalone short TTI transmission has even higher impact on legacy sensing and resource selection, including PSSCH-RSRP, S-RSSI measurement and priority handling.
· The problem of R15 UE priority handling needs to be addressed, given that R14 UE cannot decode R15 S-TTI based transmissions.
3.2 Near-Far Problem (AGC Dynamic Range)
Near-far problem (AGC dynamic range)
The multiplexing of S-TTI and L-TTI transmissions in the same subframe can have significant impact on R14 demodulation performance. For instance, when R14 UEs receive data from the distant R14 transmitters and nearby R15 UEs trigger transmission in the middle of subframe, the significant near-far issue may happen for R14 UE reception, which is not expected to adjust AGC at every symbol or according to S-TTI granularity in time. This issue may lead to significant non-linear distortion and should be carefully analyzed by RAN1 and RAN4 WGs.
In order to avoid dynamic range issue for R14 UEs, the R15 UE may transmit in the 1st symbol of subframe (e.g. use AGC training symbol) if it has intention to transmit in a given subframe, so that R14 UEs can properly settle their AGC according to the max level of received power range within a subframe. The alternative mechanism could be that R15 UE transmits multiple S-TTIs within subframe (see Figure 3).
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Figure 3: Potential mechanisms to address near-far problem in case of S-TTI transmission.

Observation 4
· Significant near-far problem can be observed by R14 UEs, if legacy TTI and short TTI transmissions coexist in the same set of resources/subframes.
· Short TTI design should include mechanism to minimize near-far problem (e.g. AGC training symbol transmitted in the beginning of legacy subframe).
Proposal 1
· Further consider solutions to resolve near-far problem when S-TTI and L-TTI coexist in the same subframe.
· Near-far problem should be taken into account in system level evaluations when S-TTI and L-TTI share the same set of resources.
3.3 Implementation Overhead

On AGC implementation overhead
R14 UEs assume one symbol for AGC settling time. If the same assumption is kept in case of S-TTI then depending on the number of S-TTIs within subframes, the AGC implementation overhead may grow substantially. For R14, AGC implementation overhead is 1 symbol per subframe, while for R15 it will grow up to the amount of S-TTIs per subframe. Therefore, for the benefit of S-TTI it needs to be analyzed if AGC implementation overhead can be reduced, otherwise AGC implementation overhead for S-TTI support can be too high. In order to keep it reasonable, the AGC convergence time within Normal CP duration is desirable at least for R15 UEs (Fast AGC), however based on feedback from RAN4 WG at least one OFDM symbol should be assumed for AGC settling.

The AGC overhead issue can be reduced, if all UEs that are planning to occupy the S-TTI portion of subframe transmit some signal for AGC settling at the beginning of subframe (e.g. first symbol of subframe is a AGC training symbol), independently from S-TTI allocation within subframe. This approach can help to operate AGC at the subframe rate, reduce the AGC implementation overhead substantially and have the AGC behavior consistent with R14 (please also refer to [4] for discussion on this topic).
On DMRS overhead
In order to improve the demodulation performance in high speed environment, the 4 DMRSs per subframe were introduced for R14 LTE V2V communication, resulting in quite noticeable implementation overhead for demodulation. For S-TTI transmission, the physical structure still needs to be discussed. However assuming, that DMRS position and waveform are not changed (to reduce impact on R14 sensing and resource selection procedure) the S-TTI configuration options can be limited. Given that there are 4 DMRSs per subframe, it is reasonable to have short TTI having either one or two DMRS symbols, resulting in slot based S-TTI and sub-slot based S-TTI physical structures, unless the physical structure of S-TTI is completely redesigned (see Section 5). Regarding DMRS structure for S-TTI, the channel estimation performance needs to be analyzed especially if sub-slot level TTI is assumed with single DMRS given that extrapolation error may degrade channel estimation performance.
Gap symbol overhead
The last symbol of sidelink subframe is punctured. In general, we do not see motivation to have the same behavior for S-TTI based operation, otherwise there will be significant gap overhead. In addition, in case of S-TTI, the last symbol of subframe can be used for S-TTI transmission, assuming that there is enough time to perform AGC and TX/RX turnaround within one symbol, otherwise the reception of subsequent S-TTI can be skipped.
Observation 5
· Usage of the legacy subframe structure with 1 symbol for AGC settling and Tx/Rx switching time transmission in application to short TTI design leads to significant implementation overhead.
Proposal 2
· Legacy DMRS locations are assumed for S-TTI physical structure design.
· Study design options to reduce S-TTI implementation overhead (e.g. AGC and gap).
3.4 Latency Considerations

The transmission of SCI-F1 jointly with short TTI seems reduces the latency benefits that can be provided by short TTI in case if R15 UEs need to decode SCI-F1. However, the system may be designed in a way that SCI-F1 is transmitted mainly for compatibility considerations to R14 UEs, while for R15 UEs the additional S-TTI control channel (sPSCCH) can be defined. In case if S-TTI control and shared channel are introduced, the latency benefit for R15 UEs can be preserved.
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Figure 4: Compatibility and latency reduction considerations (Scenario 1).

3.5 IBE Considerations

One of the potential drawbacks from S-TTI transmission jointly with SCI-F1 is the in-band emission interference from PSCCH transmission. However, IBE is lower than co-channel interference and thus from this perspective it is actually more beneficial to use S-TTI structure for R15 control and data transmission rather than occupy the whole subframe duration for transmission.
3.6 S-TTI & Wideband Allocations

The message size for S-TTI transmission is another aspect that needs to be discussed. In case of S-TTI, the wideband transmission may be needed if relatively large packet size is assumed to be transmitted. The wideband S-TTI transmissions from R15 UEs can create the time selective interference and in addition single wideband R15 S-TTI transmission is likely to affect multiple sub-channelized transmissions from R14 UEs that may degrade the R14 UE reception performance substantially. This aspect needs to be studied in more details through link and system level evaluations under proper assumptions on packet size for S-TTI transmission. It should be noted that R14 UE may not take into account time selective interference within a subframe and thus proper assumptions on R14 receiver design needs to be agreed by RAN1 WG for future evaluation as further elaborate in [4].
Observation 6
· S-TTI transmissions are likely to use wideband allocations and thus may affect multiple legacy TTI transmissions introducing time selective interference and degrading demodulation performance.
· The effect of time selective interference needs to be analyzed for a set of baseline R14 UE receiver structures.
3.7 Control Signaling

The dedicated control signaling and channel for S-TTI can be defined (e.g. new sPSCCH channel) in addition to sPSSCH sidelink shared channel. The physical structure of sPSCCH and sPSSCH can be further discussed if benefits of short TTI transmissions are shown by link and system level evaluations. The sPSCCH and sPSSCH can follow similar resource configuration principle as defined for R14 and may have similar S-TTI physical structures (see Section 5). The amount of sPSCCH and sPSSCH subchannels can be reduced comparing to legacy mode taking into account the fact that wideband transmissions can be more typical in case of S-TTI operation. The reduction of the number of subchannels can be beneficial from R15 UE complexity considerations that will need to monitor R14 and R15 transmissions.
4 Short TTI Design Challenges (Scenario 3 and Scenario 4)

In Scenarios 3 and 4, the S-TTI support is less problematic, although may require new design of sPSCCH and sPSSCH channels. In addition, from system level perspective the implementation overhead on gap and AGC operation (e.g. AGC settling rate) needs to be considered. Similar to scenarios 1 and 2, the physical structure of S-TTI needs to be defined.
The benefits of using SCI-F1 for Scenario 3 and 4 is not obvious especially for general broadcast scenarios, unless there is an intention to keep the R14 sensing and resource selection procedure operating at 1ms timescale. There may be some advantages for groupcast and unicast transmissions when fast acknowledgement or response is needed. In this case, the SCI-F1 transmission can be used to reserve resources for S-TTI transmissions (e.g. fast responses). Note that similar mechanism can be enabled with S-TTI control signalling but may be incompatible with R14 UEs and may require finer timescale for resource selection.
For instance, in case of two TTI transmissions, the R15 UE can use the first TTI for transmission according to R14 (i.e. use legacy PSCCH and PSSCH), while reserve the second TTI and use it for reception to collect responses from a group of vehicles in S-TTI transmission format. 
5 Short TTI Design Options
In this section, we provide several design options for short TTI, including slot and sub-slot level S-TTI structures for sPSCCH and sPSSCH channels respectively. In case of slot level structure, two DMRSs are present per S-TTI. For sub-slot level only one DMRS is used. The amount of symbols per S-TTI depends on the assumption of AGC operation for R15 UEs: one symbol for AGC settling within S-TTI; fast AGC within CP; dedicated shared AGC symbol at the 1st symbol of subframe. It should be noted that support of the fast AGC was precluded by RAN4 WG feedback and is analyzed here mainly for completeness.
	S-TTI granularity
	One symbol AGC within
(AGC settles within one symbol duration)
	Fast AGC 
(AGC settles within Normal CP)
	Shared AGC symbol
(AGC settles at the 1st symbol of subframes)
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	Slot TTI granularity – 7 or 6 symbols
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Figure 5: Slot and sub-slot short TTI structures for different AGC settling time assumptions.
Based on the analysis of S-TTI physical structure options in Figure 5, we draw the following observations:
Observation 7
· For subslot level TTI,
· System implementation overhead (AGC, DMRS, Gap) is very high if no enhancements are introduced.

· Design option does not seem feasible without introduction of shared AGC symbol to reduce implementation overhead.

· In order to further save implementation overhead on RX-TX / TX-RX turnaround, UE can use the last symbol of the preceding transmission and the first symbol of the subsequent transmission to switch RX/TX state.
· For slot level TTI,

· System implementation overhead (AGC, DMRS, Gap) increases if no enhancements are introduced.

· Slot level TTI can have the same system implementation overhead as 1ms TTI based transmission, if shared AGC symbol is enabled and if UE is allowed to utilize the last symbol of the 1st slot for RX-TX switching (i.e. puncture last symbol of slot) or the 1st symbol of the 2nd slot for TX-RX switching.
6 Summary

In this contribution, we provided initial analysis and our views on short TTI transmission support for V2V sidelink communication. In summary, we have identified the following technical challenges that have to be addressed to analyze benefits of S-TTI support for LTE V2V communication:
· Impact on sensing and resource selection procedure for R14 and R15 UEs when coexist in the same pool of resources;
· Demodulation performance and impact of time-selective interference from S-TTI on R14 performance;
· AGC operation for R14 and R15 UEs;
· Implementation overhead on DMRS, Gap symbol, AGC;
· S-TTI physical structures for PSCCH and PSSCH.
The part of the listed above challenges is further analyzed by system level evaluation in our companion contribution [3], where the following conclusions are drawn based on the preliminary analysis. In mixed deployment scenarios (Scenario 1 or 2) the S-TTI transmission has much lower performance comparing to the L-TTI. The scenario with S-TTI only transmissions provides worse performance comparing to the legacy scenarios with L-TTI transmissions in relatively low to medium system loadings. The use of S-TTI may be beneficial in green field dense deployments, where communication range is limited by interference and in-band emission problems, however even in this scenario technical solutions to reduce AGC implementation overhead problem are needed to extract benefits of using S-TTI in green field deployment at the system level.
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AGC settling – 1st symbol of subframe



R14 PSCCH (SCI Format 1)
R15 PSCCH (SCI)
R15 PSSCH
(S-TTI)
1ms
Directed towards R14 UEs for compatibility reasons
Directed towards R15 UEs for latency reduction



AGC
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
PSSCH
PSSCH
GAP
6 symbols
DMRS
6 symbols
AGC settling – 1st symbol of subframe



PSSCH
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
PSSCH
PSSCH
PSSCH
DMRS
GAP
4 symbols
3 symbols
3 symbols
3 symbols
AGC settling time 1 symbol



PSSCH
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
PSSCH
PSSCH
PSSCH
DMRS
GAP
4 symbols
3 symbols
3 symbols
3 symbols
AGC settling time within CP



PSSCH
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
GAP
1ms
14 symbols
AGC settling time within CP



PSSCH
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
PSSCH
PSSCH
GAP
7 symbols
DMRS
6 symbols
AGC settling time 1 symbol



PSSCH
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
PSSCH
DMRS
PSSCH
GAP
1ms
14 symbols
AGC settling time 1 symbol



