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During RAN1#85 and the subsequent e-mail discussion [85-09], the following was agreed [1]: 
Agreement in RAN1 #85:
· 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.
Relevant time instances
Triggering and reselection times
During RAN1#85, there were discussions on the differences between the time at which resource reselection is triggered and the time when new resources are selected (i.e., reselection time) [2]. Until now, the agreements refer to both times in an ambiguous manner. 
To avoid unnecessary reselections by the UE, these two times must be different. For example, reselection may be triggered by the eNB due to changes in the configuration [1]. In this case, the UE may be unaware of the properties of the next packet to transmit (e.g., size, etc.) and may not be able to select resources appropriately, being forced to reselect resources once again when the packet arrives at the transmitter buffer.
We believe that the time of reselection should be linked to the arrival of the first packet to the transmit buffer after a reselection trigger. We think that arrival to the PDCP layer is particularly well suited since this is a well defined time instance in the standard. One possible exception to this is the case when reselection is triggered when the UE already has some packets in its transmit buffer (i.e., packets that have already arrived to the PDCP layer but that have not yet been transmitted). 
Proposal:
· Redefine ‘n’ as a time instance of the arrival to PDCP layer of the first packet after resource (re)-selection is triggered
· Time to make a resource reselection decision after initiation of resource (re)-selection is fixed
· FFS: How to support the time instance of resource (re)-selection if the UE has a packet(s) to transmit and reselection is triggered.
Transmission times
The current agreements specify the times for transmission of the SA and the associated data, i.e., ‘c’ and ‘d’, respecively. For the correct operation of the resource (re)selection algorithm, we believe that it is necessary to define bounds on ‘c’ and ‘d’. In particular, we believe that the bounds ‘cmin’, ‘dmin’, and ‘dmax’, which we describe in the following, are necessary. Let a UE perform resource (re)selection at time ‘n’. Then, the UE must take into account as possible candidates resources for (re)selection all the resources in the interval [n+cmin,n+dmin]. This means that the UE must run the (re)selection algorithm (see [5]) taking these resources into account (under the assumption that sensing has been performed, etc.). In addition, the UE is allowed to take into account any of the resources in the intervals [n+1,n+cmin+1] and [n+dmin+1,n+dmax] when reselecting resources (again, under the assumption that sensing has been performed, etc.). The UE may decide which additional resources to take into account, if any. We illustrate these bounds in Figure 1.
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[bookmark: _Ref458541813]Figure 1. Bounds on the transmission times.
Regarding the values of the limits, we believe that ‘cmin’ should be at most 4 ms, accounting only for processing time, etc. The value ‘dmin’ must be chosen so that the probability of collision of transmissions by users (re)selecting resources at the same is low. In addition, ‘dmin’ should take into account the fact that some subframes are not available (e.g., due to the lack of sensing, because they are used for SLSS, or because they are not V2X subframes) as well as the latency requirement for the packet. We propose that the UE takes ‘dmin’ to be the minimum of:
· The largest value that allows for meeting the latency requirement for the packet (e.g., 20 ms for the most extreme case defined by SA1)
· The smallest value that ensures that the interval [n+cmin,n+dmin] contains 20 subframes with resources eligible for transmission (i.e., excluding unavailable subframes).
For ‘dmax’, we believe that it is sufficient to limit this value to 100 ms since this coincides with the minimum booking periodicity.
Proposal:
· For resource reselection, the UE must take into account as possible candidates resources in the interval [n+cmin,n+dmin]. 
· cmin=4.
· dmin is the minimum of:
· The largest value that allows for meeting the latency requirement for the packet.
· The smallest value such that the interval [n+cmin,n+dmin] contains 20 subframes with resources eligible for transmission (i.e., excluding unavailable subframes).
· For resource reselection, the UE is allowed to take into account any of the resources in the intervals [n+1,n+cmin+1] and [n+dmin+1,n+dmax]
· dmax=100. 
Scheduling of transmissions and booking of resources
V2X packets are generated at application layer based on a set of conditions that relate to the vehicle dynamics. Consequently, packets arrive at the transmit buffer in a recurrent although not strictly periodic manner. That is, occasional deviations from an average arrival rate occur. In addition, this arrival rate varies as the vehicle moves. The PHY and MAC layer need to cope with these deviations while meeting the latency requirements. Predicting packet arrivals (to the TX buffer) is not an easy task either. Due to the different uncertainties only the arrival of the nearest packets in time can be predicted with reasonable accuracy. 
Even if packets arrivals are perfectly periodic, meeting the usual 100 ms latency requirement using a scheduling system based on bookings in multiples of 100 ms (like the one currently being specified by the 3GPP RAN WGs) may results in non-periodic transmission. We illustrate this problem in Figure 2.
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[bookmark: _Ref458501351]Figure 2. Packets arrive at the transmit buffer every 140 ms. If the transmissions are scheduled periodically every 200 ms, eventually the latency requirement cannot be met. If the transmissions are scheduled periodically every 100 ms, the buffer will be empty in some cases.
From the example above, it is clear that booking a series of periodic resources (i.e., a train of resources) with a periodicity larger than 100 ms is not a valid option. On the other hand, booking periodic resources with a fixed periodicity of 100 ms for all cases may lead to reduced system capacity. For example, in a low speed scenario it is likely that most UEs will transmit one or two messages every second. 
Observation:
· Transmissions may not be periodic even if packet arrivals are strictly periodic.
· The scheduling/booking protocol has to take into account variations in the time between the transmissions of consecutive messages without incurring in excessive overhead.
Consider a frequency resource at time t+P*k, where P=100 ms, and k=0,…,10. For k=0, this corresponds to the time-frequency resource on which transmission takes place whereas k=1,…,10 denote future instances of the resource. We propose a scheduling/booking protocol in which every booking carries two levels of information, each of them associated with a different receiver behavior:
· ‘Hard booking’: 
· The transmitting UE explicitly books the same frequency resource that it is currently using for future transmission at time t+P*k for a single value of k (e.g., k=H, with 1≤H≤10). The value H is estimated based on the arrival times of previous packets.
· UEs receiving the booking (i.e., the corresponding SA) exclude this resource for their transmissions (subject to the other conditions in Step 2).
· ‘Soft booking’:
· The transmitting UE implicitly books the same frequency resource it is currently using at time t+P*k for the remaining values of k (i.e., 1≤k≤10 with k≠H).
· UEs receiving the booking (i.e., the corresponding SA) prioritize not selecting these resources for their transmissions. If a UE cannot find enough free resources during resource selection (i.e., in Step 2), then resources that are soft booked by others may be used. In this case, the UE may decide which of the resources affected by soft bookings to consider for resource (re)selection.
Note that in terms of signaling, this protocol only requires the value of ‘H’ (4 bits) to be transmitted in the SA. The soft booking is implicit. That is, a UE that decodes an SA that books resources knows which resources are ‘hard booked’ (signaled in the SA) and which ones are ‘soft booked’ (the remaining ones, up to 1s).
We illustrate the protocol in Figure 3.
[image: ]
[bookmark: _Ref458518251]Figure 3. Booking protocol with hard and soft bookings.
The description of the protocol also clarifies the meaning of the sentence “if it is indicated or reserved by a decoded SA” in Step 2 for resource selection in the agreements. 
Proposals:
· A UE using a frequency resource at time t may establish a ‘hard booking’ and ‘soft bookings’ on the same frequencey resource at times t+100*k (for k=1,…,10). 
· The ‘hard booking’ consists of a single value of ‘k’ in {1,…,10}.
· The value of k is selected based on predicting the arrival for the next packet as a function of previous packet arrivals. 
· A receiving UE is not allowed to transmit on ‘hard booked’ resources (subject to the other conditions in Step 2 in the resource (re)selection algorithm).
· The ‘soft booking’ consists of the remaining values of ‘k’ in {1,…,10}. 
· A receiving UE avoids transmitting on ‘soft booked’ resources if it can find enough free resources.
· Details are left to UE implementation.
Booking termination
One problem that arises in semi-persistent transmission is that resources may be booked but never used because of a reselection. For example, a UE may book a group of resources for transmission in the future but may be forced to perform resource reselection before it is able to use them. For other nearby UEs those resources will appear as busy although they will remain idle. Consequently, the resources will be underutilized.
Observation:
· After reselection, bookings associated with the old allocation lead to underutilization of the resources.
In many cases, it is reasonable to require the reselecting UE to notify all other UEs the termination of its bookings. For that purpose, the reselecting UE may transmit a termination message on the first of the resources belonging to the old booking. We illustrate this in Figure 4.
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[bookmark: _Ref458527122]Figure 4. Termination of bookings.
Proposal:
· After reselecting resources,  A UE must transmit a message terminating the existing bookings:
· The termination message is transmitted on the first resource belonging to the old booking.
· FFS: under which conditions the transmission can be skipped.
[bookmark: _Ref458780752]Receiver behavior with semi-persistent transmission
[bookmark: _GoBack]CAM messages transmitted by a UE are not only recurrent in time but they also have a pattern in terms of transmission parameters (size, MCS, etc.). This means that when using semi-persistent transmission, the UE will likely transmit SA with the same contents. In other words, a previously received SA may be sufficient to decode a new transmission if it is uses the same resources and transmission parameters. This allows for semi-persistent reception in which a UE uses previously received SAs to decode the message whenever the new SA is not received correctly. This is particularly useful in the case transmission in the same subframe of SA and wide data allocations if a flat power spectral density is used. In Figure 5 we illustrate the advantages of semi-persistent reception.	
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Figure 5. Semi-persistent transmission in highway fast (left) and highway slow (right) scenarios.
 Proposal:
· The UE uses old SA receptions to attempt decoding transmissions if no new SA packet is received.
Conclusions 
Proposal:
· Redefine ‘n’ as a time instance of the arrival to PDCP layer of the first packet after resource (re)-selection is triggered
· Time to make a resource reselection decision after initiation of resource (re)-selection is fixed
· FFS: How to support the time instance of resource (re)-selection if the UE has a packet(s) to transmit and reselection is triggered.
Proposal:
· For resource reselection, the UE must take into account as possible candidates resources in the interval [n+cmin,n+dmin]. 
· cmin=4.
· dmin is the minimum of:
· The largest value that allows for meeting the latency requirement for the packet.
· The smallest value such that the interval [n+cmin,n+dmin] contains 20 subframes with resources eligible for transmission (i.e., excluding unavailable subframes).
· For resource reselection, the UE is allowed to take into account any of the resources in the intervals [n+1,n+cmin+1] and [n+dmin+1,n+dmax]
· dmax=100. 
Observation:
· Transmissions may not be periodic even if packet arrivals are strictly periodic.
· The scheduling/booking protocol has to take into account variations in the time between the transmissions of consecutive messages without incurring in excessive overhead.
Proposals:
· A UE using a frequency resource at time t may establish a ‘hard booking’ and ‘soft bookings’ on the same frequencey resource at times t+100*k (for k=1,…,10). 
· The ‘hard booking’ consists of a single value of ‘k’ in {1,…,10}.
· The value of k is selected based on predicting the arrival for the next packet as a function of previous packet arrivals. 
· A receiving UE is not allowed to transmit on ‘hard booked’ resources (subject to the other conditions in Step 2 in the resource (re)selection algorithm).
· The ‘soft booking’ consists of the remaining values of ‘k’ in {1,…,10}. 
· A receiving UE avoids transmitting on ‘soft booked’ resources if it can find enough free resources.
· Details are left to UE implementation.
Observation:
· After reselection, bookings associated with the old allocation lead to underutilization of the resources.
Proposal:
· After reselecting resources,  A UE must transmit a message terminating the existing bookings:
· The termination message is transmitted on the first resource belonging to the old booking.
· FFS: under which conditions the transmission can be skipped.
Proposal:
· The UE uses old SA receptions to attempt decoding transmissions if no new SA packet is received.
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Appendix: simulation assumptions
These are the simulation assumptions for Section 5.
	Parameter
	Value

	Number of data subbands
	2 (23 RB each)

	Resource reselection algorithm
	Option 2.1 + Option 3.2

	Energy threshold (Option 2.1)
	-110 dBm

	Subset size (Option 3.2)
	50 subbands
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