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During RAN1#85, the following was agreed [1]:
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 different options for each step and some related topics.
Step 2
Option 2-1 and Option 2-2 differ in the way they estimate the energy/power associated with a transmission whose SA has been decoded. The former measures the power of the associated data transmission from the DMRS symbols; the latter indirectly estimates the energy of the associated data transmission from a measurement on the SA (e.g., energy or power). Option 2-2 relies thus on some model that relates energy/power between SA and data.
Option 2-2 may be have lower UE complexity but we believe that it has several performance disadvantages when compared to Option 2-1 due to the following reasons:
· In the presence of multiple SA transmissions in the same resources, it is not possible to estimate correctly the power of the SA packet since the same DMRS sequence is used by all transmitters. Energy estimation has no way of discriminating correctly the contributions of different users. Thus, energy/power of the SA will be overestimated in loaded scenarios. In turn, this will lead to an overestimation of the energy/power of the associated data packet.
· There are several factors that may reduce the accuracy of the estimate of the energy/power of the data packet. For example, uneven distributions of power between SA and data (for FDM), limitations on the power spectral density (TDM and FDM), or the use of congestion control algorithms at the transmitter (TDM).  
In summary, we believe that indirect estimation may be lead to unreliable and unnecesarily pesimistic estimates. In our opinion, direct estimation should be adpoted.
The threshold on the DM RS power has to be variable. The reason is that for lightly loaded scenarios, it is interesting to act conservatively and protect transmissions by other UEs. In contrast, for highly loaded scenarios, the UEs want to reuse the resources more aggressively to improve system capacity. We note also that if the threshold is not variable, a UE may find that all the resources are declared as busy and, thus, may not be able to transmit. 
There are a couple of additional restrictions that apply to Step 1. The first one is related to the working assumption established by RAN1 on the use of priority information contained in a decoded SCI for resource (re)selection. We believe that Step 2 should prevent a UE from selecting resources reserved by a decoded SA if the priority index signaled in this SA is higher than the priority index of the message the UE wants to transmit, regardless of the DMRS power of the associated data transmission. The second restriction is related to the coexistence with mode-1 UEs. As we discuss in [4], mode-2 UEs should avoid (re)selecting mode-1 resources, independently of their relative priorities. The reason is that mode-1 UEs, being manged by an eNB, do not have the possibility to avoid mode-2 UEs.
Finally, congestion control may place additional restrictions on scheduling that need to be taken into account too. We discuss these issues in a broader context in [5],[6], and [7].
Proposals:
· Adopt Option 2-1.
· The threshold on the DM RS power varies with the perceived system load (e.g., using the CBR measure).
· In Step 2, the UE excludes:
· In first place, any resource that is indicated or reserved by a deocded SA transmitted by a Mode-1 UE, independently of the relative priorities.
· In second place, any resource that is indicated or reserved by a decoded SA if the priority level in the SA is higher than the priority level of the message to transmit.
· Resource (re)selection takes into account the scheduling restrictions placed by congestion control.
In [3], together with our proposal for the scheduling protocol, we clarify the wording “if it is indicated or reserved by a decoded SA” in the current agreements.
Step 3
[bookmark: _Ref458761806]Considerations on energy measurements
All four agreed options make use of energy measurements for sorting resources. In this subsection we discuss these measurements.
The simplest alternative would be to measure the energy of a group of frequency resources at time ‘n’ and use this measurement when considering selection of one/multiple resources from this group for transmission at time ‘n+100’. We illustrate this in Figure 1.
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[bookmark: _Ref458702587]Figure 1. Illustration of energy measurements based on 100 ms observations.
This approach works fine if all UEs transmit with 100 ms periodicity. However, it fails as soon as not all the UEs transmit with 100 ms periodicity. Consider, for example, the case illustrated in Figure 2 in which 6 UEs (UE1-UE6) are transmitting messages every 200 ms. In the first interval of 100 ms, UE1-UE3 transmit their messages and book the same frequency resources for 200 ms later. UE4-UE6 do the same operation (on frequency resources of their choice) in the following interval of 100 ms. A UE (re)selecting resources at time for transmission in the coming 100 ms will exclude the resources used by UE1-UE3 (assuming the conditions of Step 2) are met. However, if in order to perform Step 3 it only uses energy measurements obtained during [n-100,n-1], then it may obtain an erroneous picture of the resource utilization. How erroneous this picture is depends on the traffic patterns by other UEs (not depicted here). In Figure 3, we show the associated degradation in performance.  
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[bookmark: _Ref458150736]Figure 2. Illustration of the problem with 200 ms periodicity traffic combined with energy measurements based on 100 ms observations.
These results show that it is necessary that the energy ranking takes into account the energy measurements obtained during the entire sensing window. Moreover, given that it is expected that in reality the system presents a mixture of traffic with different periodicities, we believe that the average measurement should be used.
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[bookmark: _Ref458761673]Figure 3. Performance obtained by performing single measurements and 10-measurement averages in highway fast (left) and highway (slow) scenarios with 200 ms periodicity.
Observation:
· Single measurements are not reliable for resource (re)selection in the presence of UEs with varying periodicities. It is necessary to average several measurements.
Proposal:
· To rank the frequency resources (for possible selection for transmission at time n+d) the average energy sensed on the same frequency resource at times n+d-100*k (k=1,…,10) is used.
[bookmark: _Ref458762126]Options 3-1 and 3-2
We have compared Options 3-1 and 3-2 by means of numerical evaluation. We believe that the wording of the Options may need to be clarified, in particular in Option 3-1 there is some ambiguity regarding the sets and the energy measurements. In its current wording, Option 3-1 forces a UE to change resources twice every time: first, to be able to measure on the old resource and the, either to go back to the old resource or to perform resource reselection. In addition, Option 3-1 is not compatible with reselection due to the arrival of a TB with size larger than what can be transmitted on the currently selected resources. In the appendix, we clarify our implementation of Option 3-1 and describe the simulation assumptions not covered by consolidated agreements.  
Observations:
· In its current wording, Option 3-1 is not compatible with reselection due to the arrival of a TB with size larger than what can be transmitted on the currently selected resources.
· In its current wording, Option 3-1 forces a UE to change resources twice every time.
Figure 4 and Figure 5 compare the performance of Options 3-1 and 3-2 in different scenarios.
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[bookmark: _Ref458410865]Figure 4. Comparison between Options 3-1 and 3-2 for highway fast (left) and highway slow (right) scenarios.
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[bookmark: _Ref458770229]Figure 5. Comparison between Options 3-1 and 3-2 for highway slow using 2 subbands (left) and urban fast scenarios (right).
The size of the subset of resources should be taken as the maximum between the number of available resources and S_max. We have found that the optimal value of S_max is always between 50 and 100 resources for both options.
In many scenarios, we do not observe a significant difference between Options 3-1 and 3-2. However, we have noticed that for some operating conditions (moderate user load compared to the number of available resources), Option 3-2 performs better than Option 3-1. This is illustrated in the left image in Figure 5. We have observed the degradation is due to the following effect. Let a UE be transmitting on Resource 1 until time t. At time t+T, the UE transmits on Resource 2 and senses on Resource 1. Ideally, the energy measured on Resource 1 is small. If this is the case, the UE will return to Resource 1 for transmission at t+2T. However, the resource will also be perceived as idle by other nearby UEs that may decide to transmit on it. This leads to collisions between the different users.
Given this and the reduced compelxity of Option 3-2 over Option 3-1, we prefer to adopt the former.
Option 3-3
As we discuss in [2], we believe that the use of subbands is the way to minimize resource fragmentation. 
Option 3-4
We believe that (re)selection should be based on resources rather than subframes. The use of subframes can lead to collisions. For example, consider two subframes with two resources each. A UE measures power levels P and 0 in the two resources of the first subframe and power levels P/2 and P/2 in the two resources of the second subframe. Option 3-4 would give equal importance to both subframes in spite of the fact that only the second subframe contains empty resources.
Proposal:
· Adopt Option 3-2 for resource (re)selection.
· The size of the subset of resources is taken as the maximum between the number of available resources and S_max=50.
Initial resource selection
With the current agreements, a UE may not be able to transmit directly after being switched on since it lacks the sensing measurements that are necessary for performing resource selection. We do not think that it is necessary to introduce a new resource selection mechanism for these cases. Such UEs will remain stationary, meaning that at most they will generate one CAM message within the first second. It is also very likely that during this initial phase the UEs have not acquired accurate GPS signal. We believe that this does not justify the introduction of an exceptional resource selection mechanism.
Proposal:
· No exceptional rules are introduced for the first resource selection. It is assumed that a UE may drop the packet(s) to be transmitted during the first second of operation.
Conclusions 
In this paper we have observed and proposed the following:
Proposals:
· Adopt Option 2-1.
· The threshold on the DM RS power varies with the perceived system load (e.g., using the CBR measure).
· In Step 2, the UE excludes:
· In first place, any resource that is indicated or reserved by a deocded SA transmitted by a Mode-1 UE, independently of the relative priorities.
· In second place, any resource that is indicated or reserved by a decoded SA if the priority level in the SA is higher than the priority level of the message to transmit.
· Resource (re)selection takes into account the scheduling restrictions placed by congestion control.
Observation:
· Single measurements are not reliable for resource (re)selection in the presence of UEs with varying periodicities. It is necessary to average several measurements.
Proposal:
· To rank the frequency resources (for possible selection for transmission at time n+d) the average energy sensed on the same frequency resource at times n+d-100*k (k=1,…,10) is used.
Observations:
· In its current wording, Option 3-1 is not compatible with reselection due to the arrival of a TB with size larger than what can be transmitted on the currently selected resources.
· In its current wording, Option 3-1 forces a UE to change resources twice every time.
Proposal:
· Adopt Option 3-2 for resource (re)selection.
· The size of the subset of resources is taken as the maximum between the number of available resources and S_max=50.
Proposal:
· No exceptional rules are introduced for the first resource selection. It is assumed that a UE may drop the packet(s) to be transmitted during the first second of operation.
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Appendix: Simulation assumptions
Results in Section 3.1
	Parameter
	Value

	Scenario
	Highway fast / Higway slow

	Number of UEs
	2x124 / 2x248

	Message periodicity
	200 ms

	Number of subbands (RBs per subband)
	4 (10-11 RBs)

	Resource reselection algorithm
	Option 2-1 + Option 3-1/3-2

	Energy threshold (Option 2-1)
	-110 dBm

	Subset size (Option 3-2)
	50 subbands



Results in Section 3.2
	Parameter
	Value

	Scenario
	Highway fast / Higway slow / Urban slow

	Number of subbands (RBs per subband)
	2 (23 RBs) / 4 (10-11 RBs) / 4 (10-11 RBs)

	Resource reselection algorithm
	Option 2-1 + Option 3-1 and Option 2-1 + Option 3-2

	Energy threshold (Option 2.1)
	-110 dBm

	Subset size (Option 3-1 and 3-2)
	50 subbands

	Comparison threshold (Option 3-1)
	0 dB



For Option 3-1, we take into account the following:
· Let a UE be transnmitting on resource group 1 (including retransmissions) until time t. At time t+T, a timer is about to expire and the UE changes to resource group 2 (including retransmissions). 
· For Step 3-2, the UE compares the maximum energy in resource group 1 (among retransmissions) to the maximum energy of the subset of free resources (identified in Step 3-1).
· For transmission at time t+2T there are two alternatives:
a) the UE may return (if the conditions are met) to resource group 1; or 
b) it continues using resource group 2 (until a new timer is about to expire). 
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