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1. Introduction

In the study on LTE-based V2X services, several issues on identification of necessary PC5 enhancements for V2V was discussed. One of them is a resource allocation enhancement for V2V. For this, enhancements of resource control/selection mechanism, resource pool and scheduling assignment were discussed.  
At the RAN1#84-bis meeting and the RAN1#85 meeting , sensing with semi-persistent transmission as one of enhancements to resource control/selection mechanism was discussed, and following agreements are captured [1][2].
Agreements at the RAN1#84-bis meeting:
-
If at TTI n resource selection/reselection is triggered in UE autonomous resource selection mode,

▪
The UE at least senses between TTI n-a and TTI n-b (FFS a and b with a>b>0), where a and b are integers

▫
Working assumption: The values a and b are common for V2V UEs. 

▪
UE selects time-frequency resource(s) for PSSCH 

▪
UE transmits SA in TTI n+c where c is an integer

▫
FFS whether c is a fixed value (>= 0) or variable.

-
In UE autonomous resource selection mode, SA can be transmitted for every TB.

▪
FFS whether to support transmitting and/or receiving TB without SA

▪
FFS whether every data (re)transmission for the same TB has the associated SA transmission.

-
In UE autonomous resource selection mode,

▪
UE transmits SA at TTI n+c indicating the associated data which is transmitted at TTI n+d (FFS d with d>=c), where c and d are integers

▪
UE indicates whether it intends to reuse the frequency resource signaled for transmission at TTI n+d for potential transmission at TTI n+e for another TB (FFS e with d<e), where e is an integer

▫
FFS whether this indication is implicit or explicit.

▫
FFS if and how to signal the value for e

▫
FFS how the UE determines the value for e

▫
FFS whether e is a single value or can be multiple values

▫
FFS whether, and if so how, a UE can notify later that it no longer intends to use the resource at TTI n+e.

▫
FFS how the UE decides to indicate this

▫
Other details FFS
Agreements at the RAN1#85 meeting:
- The values of a and b are fixed

▪
b > 0

▪
Confirm the working assumption “The values a and b are common for V2V UEs”

▫
a = 1000 + b

▪
All the decoded SA transmissions in TTI [n-a, n-b) are taken into account.

▪
A decoded SA which is associated with data transmissions in data resource(s) at any TTI [n-a, n-b) and transmitted earlier than TTI n-a is taken into account.

- FFS: If UE skips sensing on sub-frame m, for e.g.: due to its own transmission in sub-frame m, it excludes resources in subframes at m+100*k in the resource (re)selection (if triggered), until it is able to perform sensing in those sub-frames. 

- FFS on the following:

▪
c > 0

▪
c, d <= 100

▪
FFS how to further restrict the selection of c and d, e.g., to fulfill the latency requirement

- FFS on the details of e, e.g., the receiver UE assumption on the transmitter UE behavior in reusing the same resource.

    After the RAN1#85 meeting, some proposals on these issues also be captured by E-mail discussions. In this contribution, we will discuss details on PSCCH/PSSCH transmission timing in UE autonomous resource selection mode based on above agreements and proposals in E-mail discussions, and provide our views.

2. PSCCH/PSSCH transmission timing in UE autonomous resource selection mode
Based on agreements at the RAN1#84-bis meeting and the RAN1#85 meeting, the timing relationship of PSCCH/PSSCH transmission in UE autonomous resource selection mode can be described as Figure 1. 
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Figure 1: PSCCH/PSSCH transmission timing in UE autonomous resource selection mode
After the RAN1#85 meeting, some proposals to give further details on PSCCH/PSSCH transmission timing were captured by E-mail discussions as below.

- Point 1: On “FFS: If UE skips sensing on sub-frame m, for e.g.: due to its own transmission in sub-frame m, it excludes resources in subframes at m+100*k in the resource (re)selection (if triggered), until it is able to perform sensing in those sub-frames.”

- Point 2: On “FFS on the following: c>0 and c, d <=100”

- Point 3: On “FFS how to further restrict the selection of c and d, e.g., to  fulfil the latency requirement”

- Point 4: On details of e; whether and how this value is explicitly signaled to the receiver UEs

- Point 5: On details of e; the receiver UE assumption on the transmitter UE behavior in reusing the same resource.

- Proposal on Point 1 

▪ UE skips sensing at least on the subframes used for its own transmissions.

▫ FFS how this is reflected in the resource (re)selection, e.g., whether/how to exclude the subframes for which sensing result (including information gathered from both energy measurement and SA decoding) is not available at least in case of SA and data are transmitted in the same subframe.

- Proposal on Points 2&3
▪ Discuss in RAN1#86 whether the following is needed.

▫ UE is not required to transmit PSCCH at TTI n+c with c<cmin.

▪ FFS the exact value of cmin.

▪ c <= d <= dmax

▫ FFS how dmax is determined to fulfil the latency requirement of the packet to transmit, e.g., whether dmax is dependent of the priority level.

▪ Discuss in RAN1#86 whether further clarification is needed on the time reference of resource reselection, e.g., including the proposal in R1-165909.

- Proposal on Points 4&5
▪ Continue discussion in RAN1#86 on “e,” including the following proposal discussed in this email discussion:

▫ A receiver UE decoded an SA assumes that the same frequency resource is reserved by the SA transmitter UE at TTI n + d +P*j for j=i, 2*i, …, J*i.

∙ P=100

∙ FFS details of J, e.g., whether it is explicitly signalled in the SA, J is fixed in the specification (including fixed to 1).

∙ FFS details of i, e.g., whether it is explicitly signalled in the SA, (pre)configuration can be used to restrict the selection of i, i is fixed in the specification, or it is an integer between 0 and 10.
Among FFS issues on above proposals from the E-mail discussion, the value of "dmax" in the Proposal on Points 2&3 could be 20ms to fulfil certain warning  packet which has shorter latency requirement. 

For the value of "P" in the Proposals on Points 4&5, it could be 100ms as proposed in [3] . 
Furthermore, the value of "i" in the Proposals on Points 4&5 could be an integer value between 0 and 10, and it could be explicitly signalled in the SA. If i=0, it means that there is no next transmission. If i≠0, it means that the next transmission is at multiple value of 100ms (=100ms, 200ms, ...., or 1000ms) after previous transmission. And, it could correspond to a transmission period in Figure 1.

 On the other hand, the value of "J" in the Proposals on Points 4&5 could be fixed in the specification. For example, the value of "J" could be an integer value of "W/(100∙i)-1" where W is a length of SPS allocation window as described in Figure 1.
Proposal 1:
For detail values in the proposals from E-mail discussion

 - dmax=20ms 
 - P=100ms

- i∈{0, 1, ..., 10}, and explicitly signalled in the SA
- J= int(W/(100∙i)-1) where W is a length of SPS allocation window, and fixed in the specification
If at TTI n resource selection/reselection is triggered in UE autonomous resource selection mode, the UE transmits SA at TTI n+c indicating the associated data which is transmitted at TTI n+d (d>=c, where c and d are integers) as agreed at the RAN1#84-bis meeting. For the values d, it could be indicated implicitly by T-RPT included in SA where the first bit value of the T-RPT is applied in TTI n+c at which the SA is transmitted. Therefore, the first TTI in which the bit value "1" of the T-RPT is applied could be TTI n+d. In this case, a length of the T-RPT could correspond to a transmission window in Figure 1.
For example, TTI n+d is same to the TTI n+c if the bit value of the T-RPT which is applied in TTI n+ c is "1" as described in Figure 2-(a). On the other hand, TTI n+d is not same to the TTI n+c if the bit value of the T-RPT which is applied in TTI n+ c is "0" as described in Figure 2-(b). By T-RPT, retransmission(s) of the same TB are easily indicated as described in Figure 2. If retransmission of the same TB is not supported, the number of bit value "1" of the T-RPT is just 1.
Proposal 2:
About TTI n+d for data transmission

 - It could be indicated implicitly by T-RPT included in SA where the first bit value of the T-RPT is applied in TTI n+c at which the SA is transmitted.

 ▪ The first TTI in which the bit value "1" of the T-RPT is applied could be TTI n+d.
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Figure 3: Examples of SA and associated data transmission in UE autonomous resource selection
3. Conclusion

In this contribution, we discussed details on PSCCH/PSSCH transmission timing in UE autonomous resource selection mode, and provide our views with following our proposals.
Proposal 1:
For detail values in the proposals from E-mail discussion

 - dmax=20ms 
 - P=100ms

- i∈{0, 1, ..., 10}, and explicitly signalled in the SA
- J= int(W/(100∙i)-1) where W is a length of SPS allocation window, and fixed in the specification
Proposal 2:
About TTI n+d for data transmission

 - It could be indicated implicitly by T-RPT included in SA where the first bit value of the T-RPT is applied in TTI n+c at which the SA is transmitted.

 ▪ The first TTI in which the bit value "1" of the T-RPT is applied could be TTI n+d.
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