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Agreement:
· 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.
[Agreements in [85-09] email discussion on the FFS points above]
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.
 
Agreement:
· For PSSCH resource (re)selection when all the PSCCH/PSSCH transmissions have the same priority (FFS whether the initial resource selection needs to be designed differently from the procedure below)
· Step 1: All the resources are considered available.
· Step 2: UE excludes resources at least based on SA decoding and additional conditions. Down select one between the following options.
· Option 2-1: A resource is excluded if it is indicated or reserved by a decoded SA and the received DM RS power in the associated data resource is above a threshold.
· Option 2-2: A resource is excluded if it is indicated or reserved by a decoded SA and the energy in the associated data resource estimated from the measurement in the SA resource is above a threshold. Additional estimation of energy caused by in-band emission is not precluded.
· FFS the estimation of the energy in the associated data resource.
· Measuring energy of SA transmitted from a particular UE may not be accurate enough.
· The precise definition of “if it is indicated or reserved by a decoded SA” to be discussed later.
· FFS the details of the thresholds above
· Step 3: UE selects its transmission resource from the resources not excluded by (Down select one among the following options)
· Option 3-1:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE compares the energy on the currently selected resource with the energy of the resources the subset. If the energy of the current resource is a threshold above the energy of all the resources in the subset, then UE selects one among the subset of resources.
· A semi-persistent period before reselection is triggered, UE transmits PSSCH on another resource in the subset identified in step 3-1 and measures the energy of the currently selected resource for step 3-2.
· Step 3-3: UE randomly selects one resource from the subset
· Option 3-2:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE randomly selects one resource from the subset
· Option 3-3:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE selects the resource that minimizes the frequency resource fragmentation from the subset.
· Option 3-4:
· Step 3-1: UE measures RX power of PSSCH resource indicated in the decoded SA, sum them as the total RX power of a subframe, and sorts the subframes according to the total RX power.
· Step 3-2: A set of available subframes consists of X subframes with the highest total RX power and Y subframes of the lowest total RX power. UE randomly selects transmission subframe(s) from this set.
· Step 3-3: UE randomly selects frequency from transmission subframe(s).
· FFS how to select resources for a wideband transmission based on the energy/power measurement above.

In this contribution, we discuss the details of sensing operation for PC5 based V2V. 
Discussion
Sensing details 
In this section, we discuss the remaining details of sensing. 
1) Excluding resources own transmission: UE cannot measure in its transmission subframe. In this case, it is desirable to exclude transmission subframes that include SA transmission as well as data transmissions within sensing window. If UE excludes the transmission subframe(s) for resource selection, UE will eventually change subframe(s) when reselection is triggered and the consistent collision due to the half duplex constraint can be avoided. 
2) Options in step 2: It is preferable to downselect option 2-1. Direct measurement of data can be more accurate than in-direct measurement of data from the energy measurement of SA resource. Also in-band emission emulation is not identical between UEs since the actual in-band emission interference can be different in practical UE implementation. Therefore, the performance gain from in-band emission emulation of data resources from SA energy measurement is not in practical but just in computer simulation. 
3) The definition of “indicated or reserved by a decoded SA”: All decoded SAs should be taken into account if the resource(s) of the associated data is within sensing window [n-a, n-b). 
4) The details of the threshold: the threshold in step 2 depends on priority level. Network can configure priority dependent threshold level(s), and UE can exclude the resources for the packet with higher priority. Threshold is a function of the priority of the detected SA and the priority of the data to be transmitted. In addition, this threshold can be dependent with congestion level as discussed in our companion contribution [1]. For different congestion level, UE can apply a (pre)configured and congestion level dependent offset to sensing threshold. For example, for the lower congestion level, UE can apply the lower threshold to determine resource occupation. 
5) b value: b can be fixed to 1 since it is agreed that b>0. However, if so, the sensing results of subframe n-1 and subframe n cannot be reflected. It is desirable to revert the agreement b>0 to b=0.
6) Sensing granularity in frequency domain: Basically, the sensing granularity may be determined by the RB size that UE sends a message. If sub-channelization as discussed in our companion contribution [2] is not supported, resource fragmentation may occur as seriously. However, sub-channelization is supported, partial overlap is not occurred and energy sensing granularity of data can be based on sub-channel size.

Based on the discussion, our proposals can be summarized as follows, 
Proposal 1: Within sensing window, UE excludes transmission subframes that include SA transmissions as well as data transmissions. 
Proposal 2: In step 2, option 2-1 is supported. 
Proposal 3: All decoded SAs should be taken into account if the resource(s) of the associated data is within sensing window [n-a, n-b).
Proposal 4: Threshold is a function of the priority of the detected SA and the priority of the data to be transmitted.
Proposal 5: If the agreement is kept, b is fixed to 1. If the agreement is reverted, b is fixed to 0. 
Proposal 6: Sensing granularity in frequency domain is the same as sub-channel size. 

Conclusion
We discussed the details of sensing. Based on the discussions, the following proposals were made:
Proposal 1: Within sensing window, UE excludes transmission subframes that include SA transmissions as well as data transmissions. 
Proposal 2: In step 2, option 2-1 is supported. 
Proposal 3: All decoded SAs should be taken into account if the resource(s) of the associated data is within sensing window [n-a, n-b).
Proposal 4: Threshold is a function of the priority of the detected SA and the priority of the data to be transmitted.
Proposal 5: If the agreement is kept, b is fixed to 1. If the agreement is reverted, b is fixed to 0. 
Proposal 6: Sensing granularity in frequency domain is the same as sub-channel size. 
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