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Introduction
The WI on V2X was revised at RAN#73 with an updated scope to support for traffic with smaller periodicity on PC5 based V2V using shorter resource reservation period [1].
In RAN1#86bis, the following was agreed [2]:
	Agreements:
· Support i as 1/5, 1/2 (Pstep fixed at 100) with resource-pool specific configuration of the set of allowed i
· No change to sensing window and selection window
· Use undefined states of the 4-bit resource reservation field in SCI format 1 to indicate shorter periodicity.
· FFS the following aspects till the next meeting
· Scale the SL_RESOURCE_RESELECTION_COUNTER to 2(for 50ms period) or 5 (for 20 ms period)
· S-RSSI measurement interval is (select one of the options at the next meeting)
· 100 ms interval is kept
· set to the minimum allowed i
· set to the resource reservation interval used for transmission of the UE 
· Combination of allowed intervals {20, 50, 100} with shortened averaging duration
· In step2, reselection UE scales the number of reservations of other UE within selection window by 1/i when 0<i<1.


This document discusses the outstanding issues in the agreement.
Resource reselection counter
In RAN1#86bis, it was discussed to scale the SL_RESOURCE_RESELECTION_COUNTER by factors of 2 and 5 when using 50 ms and 20 ms reservation intervals, respectively. The duration of the resource reselection counter has been studied in the past [3]. It was observed that longer reservation intervals tend to stabilize the system, although there are some limitations due to mobility and repeated collisions. This was indeed one of the motivations behind the probabilistic reselection framework in the current spec.
Changing the reselection counter may help stabilizing a system with shorter periodicities, however, it does not solve by itself the sensing problems. The existing sensing procedure averages measurements spaced by 100 ms. The motivation behind this choice was that semi-persistent transmission occurs at integer multiples of 100 ms. Thus, energy sensing always detects the presence of other UEs that are transmitting. In contrast, a UE using a 20 ms or 50 ms reservation interval, will only contribute with some of its samples to the energy calculation. For example, in Figure 1 we illustrate how energy sensing using 100 ms intervals fails to detect some transmissions by a UE using a 20 ms reservation interval. Consequently, from an energy-sensing point of view, a candidate resource will be perceived as idle until the energy is first measured. Note that this problem is not present in the existing spec and should not be introduced for smaller reservation intervals either.
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[bookmark: _Ref465942667]Figure 1. Energy measurements spaced by 100 ms (existing procedure) fail to detect the energy contribution of a transmitting UE using 20 ms reservation interval. From an energy-sensing point of view, the candidate resource appears to be idle in all cases.
Observation 1: 
· Changing the resource selection counter may stabilize a system with support for shorter periodicities but alone it does not solve the sensing problems.
We ellaborate further on alternative energy sensing procedures in the next Section.
Energy sensing
The introduction of shorter periodicities requires some changes to the energy sensing procedure in LTE-V2X. During RAN1#86bis, four alternative modifications were described.
The first alternative is to keep the existing 100 ms interval between the measurements used in the energy averages, without further modification. We believe that this is a bad design choice since it misses the energy contributions of the newly introduced periodicities. For 50 ms this represents missing 50% of the energy and 80% for 20 ms. In the previous section (see  Figure 1), we argued that energy measurements spaced by 100 ms may altogether fail to detect the energy contribution of a transmitting UE using shorter reservation intervals. As a consequence, candidate resources may appear idle from an energy-sensing point of view.
The second alternative is to use a measurement interval for energy sensing with the same duration as the minimum allowed reservation periodicity in the pool/carrier. We believe that there are several problems with this approach. In first place, it changes the existing behavior (i.e., using 100 ms regardless of the supported reservation periodicities) for which results verifying the performance have been presented by many companies. In many cases, performance would be affected. Second, this alternative also suffers from similar issues to the ones affective the first alternative. Moreover, the energy measurements are biased when the sensing period does not divide the reservation period since they do not average all possible contributions and include resources that are not used by the transmitter. We illustrate this in Figure 2. 
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[bookmark: _Ref465771158]Figure 2. Using a sensing period Psensing that does not divide the reservation period Ptx results in averaged energy measurements that do not include all the possible contributions.
Observation 2: 
· To ensure that an averaged energy measurement includes all the possible contributions, the sensing period has to divide the reservation period.
The third option is to use an interval length equal to the reservation periodicity selected by the UE that performs sensing. We believe that this is not a good choice either. As we discussed for the first alternative, for UEs using reservation periodicities equal to or greater than 100 ms it would be hard or impossible to detect (using enegry measurements) other UEs using 20 ms or 50 ms reservation periodicities. Similarly, for UEs using 50 ms reservation periodicity it would be hard to detect (using energy measurements) other UEs using 20 ms reservation periodicity since they would only sense 20% of the energy. In addition, for UEs using 20 ms reservation periodicity, 50 measurements (spaced by 20 ms, spanning the 1 s sensing window) would be averaged. This would render energy sensing useless for detecting UEs with large reservation periodicities. Assume for example that a transmitting UE is using a 100 ms reservation periodicity whereas the sensing UE is using a 20 ms sensing interval; only 10 out 50 samples would contain energy from the transmitting UE. For reservation periodicities beyond 100 ms, the energy contribution is even more diluted in the average measurement.
Observation 3: 
· When using a short sensing interval, it may be hard to detect transmissions with larger reservations periodicities.
The fourth alternative consists of combining the allowed intervals {20, 50, 100} with a shortened averaging duration. In this approach, the existing procedure is used by default unless the pool supports 20 or 50 ms periodicities. If any of these is supported, then additional measurements are performed using the allowed valued as sensing intervals. These measurements however, do not span the entire 1 s sensing window. Instead we propose to limit the average to 10 measurements in each case (i.e., spanning 1 s for 100 ms sensing interval, 0.5 s for 50 ms sensing window, and 0.2 s for 20 ms sensing window). Note that the sensing procedure may result in up to three measurements per resource (one using 100 ms averages, one using 50 ms averages, and one using 20 ms averages). The maximum of these measurements is used in the resource (re)selection algorithm. We illustrate this in Figure 3. 


[bookmark: _Ref465779971]Figure 3. Energy sensing for different reservation periodicities. If neither 20 ms nor 50 ms, then sensing is done according to the top illustration. If 20 ms or 50 ms, then sensing is additionally performed according to the corresponding illustration.
Proposal 1: 
· Sensing for shorter periodicity is implemented according to alternative 4:
· If 20 ms is supported in the pool, in addition to the existing procedure based on 100 ms sensing interval, the UE obtains an average of the last 10 measurements spaced by 20 ms.
· If 50 ms is supported in the pool, in addition to the existing procedure based on 100 ms sensing interval, the UE obtains an average of the last 10 measurements spaced by 50 ms.
· For resource reselection, the maximum of measurements obtained for sensing intervals of 20 ms (if supported), 50 ms (if supported), and 100 ms is used. 
Semi-Persistent Scheduling
For sidelink transmission mode 3 where the network is under control of scheduling sidelink resources, semi-persistent scheduling (SPS) is used. In order for sidelink transmission mode 3 to support the same traffic periodicity as in sidelink transmission mode 4 (outlined above), the SPS periods need to be defined to support all periods. Currently SPS down to 50 ms is supported and hence only a 20 ms scheduling periodicity need to be added.
Proposal 2: One additional SPS period of 20 ms shall be supported for sidelink transmission mode 3
Conclusions
In this document we have observed and proposed the following:
Observation 1: 
· Changing the resource selection counter may stabilize a system with support for shorter periodicities but alone it does not solve the sensing problems.
Observation 2: 
· To ensure that an averaged energy measurement includes all the possible contributions, the sensing period has to divide the reservation period.
Observation 3: 
· When using a short sensing interval, it may be hard to detect transmissions with larger reservations periodicities.
Proposal 1: 
· Sensing for shorter periodicity is implemented according to alternative 4:
· If 20 ms is supported in the pool, in addition to the existing procedure based on 100 ms sensing interval, the UE obtains an average of the last 10 measurements spaced by 20 ms.
· If 50 ms is supported in the pool, in addition to the existing procedure based on 100 ms sensing interval, the UE obtains an average of the last 10 measurements spaced by 50 ms.
· For resource reselection, the maximum of measurements obtained for sensing intervals of 20 ms (if supported), 50 ms (if supported), and 100 ms is used. 
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