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1   Introduction
In RAN#75 meeting, a new WI named “V2X phase 2 based on LTE” was agreed [1]. One of the objectives with RAN2 involvement is to study feasibility and gain of PC5 operation with short TTI.
	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] 
a) A following decision for normative work is up to consensus at RAN.


On the other hand, RAN1 has discussed PC5 operation with short TTI in RAN1#88bis and RAN1#89 meetings. The agreements mainly focused on the evaluation methodology of PC5 short TTI operation. According to the WID [1], RAN1 shall provide the performance evaluation result and recommendation to RAN#77 meeting. A following decision for normative work is up to consensus at RAN. 
Although it is still pending whether short TTI based PC5 shall be specified in phase 2 V2X, we could still initiate preliminary analysis of this objective. In this contribution, we first briefly summarize the previous RAN1 design considerations of short TTI based PC5 operation. Then we investigate the potential RAN2 impacts and identify the problems to be studied in this paper.
2   Discussion
Background overview
The main purpose for introducing Short TTI on Sidelink is to decrease latency, since the shortened transmission unit requires less scheduling interval and less receiving/processing time. For the short TTI design in Uu, the TTI duration may be 2-symbol and 7-symbol. When it comes to sidelink, it is agreed in the short TTI evaluation assumption that slot TTI granularity (7-symbol) should be supported. Sub-slot TTI granularity is optional. As we know, the last symbol is usually reserved for the GAP in the subframe used for Sidelink communication in order to facilitate the transmitting/receiving switching for V2X UE. If a Sidelink subframe is divided into sub-slot TTI granularity, it should contain a GAP at the end of each sub-slot TTI, which leads to higher overhead on Sidelink. Based on the above analysis, it is very likely to support the slot based Short TTI for PC5 operation. 
Observation 1: Slot TTI granularity is most likely to be supported for PC5 operation.
It should be noted that in R15 phase 2 V2X study, it is assumed that vehicle UE that supports PC5 sTTI functionality would co-exist in the same resource pools with Rel-14 vehicle UE. It means that the sTTI based sidelink transmission of R15 vehicle UE should be backward compatible with R14 vehicle UE or at least minimize the impact to R14 vehicle UE. 
Suppose the slot TTI granularity is adopted for PC5 operation, the slot based sidelink resource allocation should be considered. For the mode 3 communication scheme, eNB may allocate slot based PSCCH and PSSCH resource from the shared resource pool to sTTI capable vehicle UE. Meanwhile, eNB may allocate subframe based PSCCH and PSSCH resource to R14 UE or R15 UE requiring legacy TTI resource. The sTTI transmission and legacy TTI transmission could be supported in the same shared resource pool without interaction as shown in Figure 1. From the receiver side, the R14 UE could receive the legacy TTI based PSCCH and PSSCH whereas R15 UE could receive both the legacy TTI and short TTI based PSCCH and PSSCH.
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Figure 1 Mode 3 based sTTI transmission and legacy TTI transmission coexistence
Observation 2: For mode 3 eNB scheduled resource allocation, the sTTI transmission and legacy TTI transmission could be supported in the same shared resource pool without interaction. 
When it comes to the mode 4 UE autonomous resource allocation, vehicle UE should sense all the candidate resources in resource pool and then select resources based on the sensing result. The sensing of Rel-14 UE consists of two types of operation: 1) SCI decoding and corresponding PSSCH-RSRP measurement; 2) Sub-channel S-RSSI measurement when no SCI is decoded;
Suppose the slot based TTI is used for the R15 UE’s SCI and data transmission as shown in Figure 2(a), the R14 UE could not detect the R15 UE’s SCI, it will use Sidelink received signal strength indicator (S-RSSI) measurement. As one slot in a subframe is used by Rel-15 UE and the other slot is blank, the S-RSSI sensing result of Rel-14 UE may be lower than normal case. 
Alternatively, R15 UE may be required to transmit the legacy TTI based SCI as shown in Figure 2(b). Moreover, the R15 UE may be required to transmit both the legacy TTI based SCI and short TTI based SCI at the same time as shown in Figure 2(c) to reduce the latency. In these two cases, R14 UE may detect and decode the SCI correctly. However, the R14 UE may think the “PSSCH” resources of the whole subframe are used. Since Rel-15 UE only use one slot resource in a subframe, the DMRS symbols are not transmitted in another unused slot and it would distort the PSSCH-RSRP sensing result for R14 UE.
Considering the two types of sensing measurement operations, neither of them can obtain a reliable result.  Based on the inaccurate sensing result, R14 UE may choose the PSSCH resource which is partly used by Rel-15 UE as a candidate resource, and then lead to resource collision.
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Figure 2 Different SCI transmission scenarios for Mode 4
Observation 3: For mode 4 UE autonomous resource allocation, the sTTI transmission in the shared resource pool bring about inaccurate sensing result of R14 UE and consequently increase the probability of resource collision. 
Potential RAN2 impacts and problems
In this section, we will discuss the potential impacts on RAN2 to enable the short TTI based PC5 operation one by one. 
Resource pool configuration
It is assumed that R15 vehicle UE that supports PC5 sTTI functionality would co-exist in the same resource pools with Rel-14 vehicle UE. It means that the sTTI based SL resource and legacy TTI based SL resource should co-exist in the same resource pool.
In order to support the sTTI based transmission/reception, it is necessary to enhance the R15 sidelink resource pool configuration. For example, the TTI durations supported by the sidelink resource pool should be indicated to the R15 UE. If the UE needs to transmit both the legacy TTI SCI and sTTI SCI, it may also need to configure the potential resource/resource pool for the sTTI SCI. 
Moreover, eNB may also configure whether the neighbour cell’s sidelink resource pool support sTTI and the supported TTI duration. In this way, the R15 UE could support the inter-cell sTTI based sidelink transmission/reception. 
TTI duration selection
Suppose the short TTI is adopted, both legacy TTI and short TTI based sidelink transmission resources are available for R15 vehicle UE. It is questionable which TTI duration should be used for sTTI capable UE. As a matter of fact, similar issues have been discussed in Uu based sTTI study. It is finally agreed that logical channel can be configured by eNB with the TTI durations allowed to use (e.g. either with legacy TTI, short TTI, or all). LCP is performed only for logical channels configured to use the corresponding TTI type. As we can see, the TTI duration selection of Uu is determined by eNB in logical channel level. 
When it comes to the sidelink transmission, sTTI is more suitable for V2X traffic with low latency and small packet. As we know, the PPPP of V2V packet is associated with PDB. High priority V2V packet (low PPPP value) is usually associated with low PDB. So it is natural to configure the data packet with low PPPP value to use resources with sTTI duration. To be specific, the mapping between PPPP and one or more TTI durations may be configured by eNB or pre-provisioned for R15 vehicle UE. Since the logical channel is associated with a specific PPPP, LCP could be performed only for logical channels whose PPPP is configured to use the corresponding TTI duration. In this way, the R15 sidelink UE may determine which TTI duration’s SL grant should be requested or reserved for a given logical channel and which logical channels’ data packets should be scheduled for the SL grant of a specific TTI duration. 
Short TTI based resource allocation
The short TTI based SL resource allocation could be divided into the following two cases:
· Mode 4
For the mode 4 UE autonomous resource allocation, the UE needs to first determine the TTI duration for the resource to be selected. It could be based on the PPPP of logical channels that has data packets buffered and the corresponding TTI duration. Suppose short TTI duration is determined, UE needs to further select the sidelink transmission resource pool that support short TTI duration. Then the UE selects the sidelink transmission resource corresponding to the short TTI from the previously selected sidelink transmission resource pool. The sidelink transmission resource selected can be regarded as SL grant. When the SL grant is ready, UE performs the LCP procedure which assembles and multiplexes the data packets from the logical channels corresponding to the short TTI into a MAC PDU and finally transmits it the short TTI based sidelink resource.
· Mode 3 
Different from mode 4, it is up to eNB to allocate sidelink resource and determine the TTI duration. Vehicle UE reports the sidelink buffer status to eNB. Suppose the eNB has knowledge of the mapping between PPPP and logical channel group as well as the mapping between PPPP and TTI durations, the eNB could know the TTI durations for the resource allocation. Suppose the short TTI should be used, the eNB allocates the short TTI based sidelink transmission resource and sends the SL grant to UE. Upon receiving the SL grant, UE performs the LCP procedure, assembles and multiplexes the data packet from the logical channels corresponding to the short TTI into a MAC PDU and then transmits it via the short TTI based sidelink resource. 
Others
If the short TTI for PC5 operation would be introduced, the other features specified in R14 should be investigated if they could support the short TTI. For example, SPS periodicity and offset configuration may be in the unit of short TTI. The resource allocated for sidelink SPS may be short TTI based sidelink resource. 
In addition, the CBR report should be enhanced to support the short TTI capable sidelink resource pool. Since the sidelink resource pool allows the co-existence of short TTI and legacy TTI, it may be necessary for the R15 vehicle UE to maintain multiple CBR measurements for short TTI and legacy TTI respectively. 
Proposal 1: RAN2 is suggested to consider the potential impacts of short TTI for PC5 operation, such as sidelink resource allocation, TTI duration selection, short TTI resource allocation, sidelink SPS and CBR report, etc.
3   Conclusion
In this contribution, we first briefly summarized the previous RAN1 design considerations of short TTI based PC5 operation. Then we investigated the potential RAN2 impacts and identified the problems to be studied in this paper.  And we have the following observations and proposals:
Observation 1: Slot TTI granularity is most likely to be supported for PC5 operation.
Observation 2: For mode 3 eNB scheduled resource allocation, the sTTI transmission and legacy TTI transmission could be supported in the same shared resource pool without interaction. 
Observation 3: For mode 4 UE autonomous resource allocation, the sTTI transmission in the shared resource pool bring about inaccurate sensing result of R14 UE and consequently increase the probability of resource collision. 
Proposal 1: RAN2 is suggested to consider the potential impacts of short TTI for PC5 operation, such as sidelink resource allocation, TTI duration selection, short TTI resource allocation, sidelink SPS and CBR report, etc.
4   Reference
[1] RP-170798
New WID on 3GPP V2X Phase 2, Dubrovnik, Croatia, March 2017.
3GPP


_1563971055.vsd
V2X band


Subframe


slot


legacy TTI based SCI on PSCCH


legacy TTI based data on PSSCH


short TTI based SCI on sPSCCH


short TTI based data on sPSSCH


Sub-band



_1563971056.vsd
文本块�


