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[bookmark: _Ref446688366]Introduction
During RAN1#84bis, the following was agreed [1]:
Agreement:
· Reselection is triggered if
· A counter meets an expiration condition, or
· The counter is reset to a value when reselection is triggered.
· FFS whether this value is random, fixed, and/or the same across UEs
· UE identifies that the current resource allocation cannot fulfil the requirement, e.g., latency, reliability, priority, fairness, or QoS requirement (details FFS), or
· FFS how to impose limitation in the resource size selected by a UE
· Working assumption: UE detects resource allocation (including the indication of the intention of reusing the frequency resource as per the existing agreement) of another UE which potentially overlaps with its current resource allocation (including the indication of the intention of reusing the frequency resource as per the existing agreement)  and the detected situation meets a condition, or
· The condition is FFS, not precluding applying different conditions for different priorities (if any relevant case happens in priority handling from RAN1 point of view).
· eNB triggers reselection, or
· FFS whether some information needs to reported from UE to eNB
· FFS additional condition(s), e.g.,
· If it is supported that a UE can notify later that it no longer intends to use the resource at a future TTI, reselection triggering condition related to this notification.
· Reselection triggered by notification on resource collision from another UE
· Reselection triggered by sensing of resources utilization above a threshold
· Reselection triggered by higher layer
· Other conditions are not precluded
In this contribution, we discuss some of the above outstanding issues.
[bookmark: _Ref449981945]Resource reselection
[bookmark: _GoBack]When a UE performs resource reselection, it stops using the resources currently selected and it selects new ones. The new resource selection follows the rules for sensing and autonomous resource selection described in [4]. In addition, the UE drops all the bookings associated with the old resource selection. That is, the UE does not make use of those booked resources. Note that the UE may explicitly notify other UEs that it has dropped the booking using the mechanism described in [3].
Proposals:
· A UE performing resource reselection does not make use of booked resources corresponding to the old selection.
Resource reselection may involve all resources (i.e., the resources associated with multiple transmissions of a TB) or only some of the resources (i.e., the resources associated with some transmissions of a TB). In the latter case, we say resource reselection is partial. In the case of partial resource reselection, the UE does not make use of the affected booked resources (i.e., the reselected ones) but may make use of the rest of booked resources.
Reselection counter
It is agreed that a counter will be used for triggering resoruce reselection. We consider the case in which every UE has a counter. Every time that the UE transmits a new TB, it decreases the value of the counter by 1. Whenever the counter reaches 0, the UE (re)selects resources and resets the counter to a new value. In Figure 1, we show the performance associated with three different configurations for this counter:
· ‘Fixed, asynchronous’. The counters of the different UEs are not synchronized (i.e., each UE has its independent counter). All UEs set the same fixed value (equal to 10) when (re)setting a counter. 
· ‘Random, asynchronous’. The counters of the different UEs are not synchronized (i.e., each UE has its independent counter). Each UE (re)sets its counter by drawing a number uniformly at random from {5,…,10}.
· ‘Fixed, synchronous’. The counters of the different UEs are synchronized (i.e., all UEs use the same counter). All UEs set the same fixed value (equal to 10) when (re)setting a counter.
We observe that using a single counter for all UEs (i.e., ‘Synchronous’) degrades the performance significantly. Moreover, we observe very small differences between ‘Fixed’ and ‘Random’ initial values for the counters. We prefer to introduce some randomness to minimize the duration of undetectable consistent collision events.
[image: C:\Users\ericabl\Documents\SVN folders\Liger\D2D Team\3GPP\RAN1_85\Resource Reselection\figures\TimerOptionsHW.emf]
[bookmark: _Ref449955756]Figure 1. PRR performance associated with different counter configurations.
Proposal:
· For resource reselection, UEs use independent (i.e. asynchronous timers) counters. 
· A UE draws a random number uniformly at random from {5,…,10} when (re)setting a counter.
· The counter is decreased by 1 every time the UE transmits a new TB.
· The UE reselects all resources when the counter reaches zero and resets the counter.
Reselection because current allocation does not meet requirements
Reselection due to latency considerations
As we discuss in [2], there is some uncertainty regarding the time of arrival of new packets to the transmit buffer. Therefore, it is necessary that resource reselection copes with the following two types of problems:
1. [bookmark: _Ref449961834]A UE has booked resources for transmission but has no packet for transmission in the buffer.
2. [bookmark: _Ref449962153]A UE receives a packet in its TX buffer earlier than expected. That is, the resources booked by the UE are too far away in the future to mee the latency requirements of the packet.
With respect to Problem 1, we believe that it is important to prevent that UEs transmit dummy packets with the intention of maintaining the current resource selection. Such a behavior would be an incentive for greedy UEs that book resources more often than necessary. Instead, the UE has to establish a new booking on the same frequency resource or trigger resource reselection. In both cases, the UE may explicitly inform the other UEs that it will not use the booked resources. In [3], we propose a simple scheduling mechanism to implement this behavior.
With respect to Problem 2, we believe that a UE should reselect resources only if the current resource selection cannot meet the latency requirements of the packet to transmit. In this way, the stability of the distributed resource allocation is preserved without compromising the system requirements. We think that it should be up to the UE to decide whether to keep the old booking or establish a new one.
Proposals:
· If the UE has booked resources for transmission during TTI n (first transmission of a TB) and has not received a packet in its TX buffer at the end of TTI n-g: 
· The UE may establish a new booking on the same frequency resource.
· Alternatively, resource reselection is triggered.
· In both cases, the UE may send an SA to drop the coming booking.
· FFS: value of g.
· A UE is not allowed to transmit padding bits alone in order to avoid performing resource reselection.
· If a UE has booked resources for transmission during TTI n and a packet arrives at time n-f or earlier, then the UE selects new resources for transmission of the packet.
· f depends on the latency requirements of the packet to transmit.
· It is up to UE implementation to keep the old booking or to establish a new one.
Reselection due to reliability considerations
Another important trigger for resource reselection is related to reliability. In general, a UE will select resources for a certain TBS, speed, synchronization source, desired PRR, etc. However, packets arriving to the TX buffer may have different requirements. Small deviations may be copped with by making small adjustements to MCS, padding bits, etc. However, in some cases it may be necessary to select new resources. Moreover, it is important to avoid that UEs select resources in a conservative fashion (i.e., for the worst case), which would lower system capacity.
We believe that it is necessary to define minimum and maximum MCS values that are allowable for different combinations of scheduled bandwidth (i.e., number of RBs), UE absolute speed, parameters related to the synchronization source, etc. A similar approach to the one we propose in [6] can bu used for this purpose.  We also think that it is important to place restrictions on the use of padding bits, to avoid an inefficient usage of the radio resources.
Proposals: 
· A UE is only allowed to select the MCS value from a subset that is a function of: scheduled bandwidth, UE absolute speed, parameters related to synchronization source, priority level, and congestion control state.
· A UE is not allowed to use padding bits excedeing [X]% (value FFS) of the TBS.
· A UE reselects resources if any of the following condition takes place:
· The current UE speed differs substantially from the speed of the UE when it last performed resource (re)selection. Details FFS.
· The parameters related to the synchronization source have changed with respect to those taken into account when the UE last performed resource (re)selection. Details FFS.
· The current TB has a TBS that cannot be transmitted with the available list of MCS (including padding, if necessary).
Reselection due to priority considerations
A UE may receive in its transmission buffer a packet associated with a priority level that is different from the priority level of previous messages and its associated channel selection and booking. As we describe in [4], the outcome of energy sensing and resource selection depends on the priority level of different UEs. Consequently, a UE should be allowed to reselect resources after a change in priority. On the other hand, minimizing the number of resource reselections stabilizes the distributed resource allocation. For this reason, we propose allowing but not enforcing resource reselection after a change in priority.
Proposals:
· A UE may reselect resources if the priority of the message to transmit is different from the priority of the one indicated in the booking.
Reselection due to collisions 
In our view, detecting a collision triggers resource reselection. There are two ways in which a UE can detect potential collisions. 
The first one is by decoding the SA packets transmitted by other UEs. That is, using the information contained in a received SA, a UE detects that (part of) the resources that it has selected have also been selected or booked by another UE as well. We illustrate this in Figure 2. As we discuss in [4], it is necessary to couple the SA with a measurement on the energy of the data packet to ensure that the resource reselection is necessary. Otherwise, UEs may continuously reselect radio resources (e.g., in urban dense scenarios) although collisions happen with far-away UEs.
This implementation of collision detection motivates also why every SA packet should schedule not only the data transmissions in the same but also other (re)transmissions of the same data packet (or, at least, for future (re)transmissions), as we propose in [5]. 
In our view, all overlaps (including only partial overlaps) should trigger resource reselection in the same way. That is, partial or total overlaps trigger resource reselection in the same way, according to the rules we describe below. This simplifies the process of reselection and provides protection to UEs that may use narrower allocations affected by large Doppler shifts. 
A collision detected by a UE may affect:
· Resources on which the UE has already scheduled transmission of a TB. For the transmission of this TB, resource reselection is no longer possible. However, the UE may still avoid collision by remaining silent.
· Resources that have been selected for transmission by the UE (with or without booking) but on which it has not yet scheduled a transmission of a TB. For the transmission of this TB, resource reselection is possible.
We summarize in Table 1 the conditions for resource reselection based on reading SAs. 
[bookmark: _Ref449982328]Table 1. Triggers for resource reselection based on reading the SA transmitted by another UE.
	
	Priority signaled in the SA (scheduling or booking) is higher than the priority of the packet to transmit
	Priority signaled in the SA (scheduling or booking) is equal to the priority of the packet to transmit
	Priority signaled in the SA (scheduling or booking) is lower than the priority of the packet to transmit

	Selected resources on which the UE has already scheduled a transmission
	The detecting UE must defer any colliding transmission 
	The UE may defer any colliding transmission
	The UE may defer any colliding transmission

	Selected resources on which the UE has not yet scheduled a transmission
	The UE must reselect resources
	The UE must reselect resources
	The UE may reselect resources but it is not expected to do so



[image: ]
[bookmark: _Ref442370761]Figure 2. Illustration of using SA for detecting collisions. UE1-3 perform 2 transmissions corresponding to a single TB. The two transmissions of the TB by UE1 (in red) collide with transmissions by UE2 (in blue) and UE3 (in yellow). Although UE1 cannot hear the collisions themselves, it is able to detect them by reading the other SAs transmitted by UE2 and UE3.
To avoid unnecessary changes in the resource utilization map, a UE performs partial resource reselection. That is, the resource reselection only affects those TTIs for which a collision has been detected. For example, in the example illustrated in Figure 2, UE1 would only reselect the resources corresponding to the second transmission. Note that a partial resource reselection does not reset the reselection counter, as we discussed in Section 2.
The second alternative to detect a collision is to receive the signals and detect the condition. This requires the UE to skip some transmissions and instead listen to the transmissions by other UEs. We believe that the impact on the PRR of dropping transmissions outweights the gains in terms of resource allocation. 
Proposals:
· If the energy E of the data packet associated with an SA is below a threshold E<T, then the contents of the SA is not considered for triggering resource reselection. 
· FFS: how to set the threshold T depending on channel load.
· If by decoding a received SA, a UE detects that the resources signaled in the SA (as scheduling or booking) overlap with those on which the UE has scheduled a transmission:
· If the priority indicated in the decoded SA is higher than the priority of the message that the UE intends to transmit:
· For the transmission of an already scheduled TB, the UE does not transmit on the affected resources.
· For the transmission of the next unscheduled TB, the UE reselectes the resources of the affected transmissions (i.e.,  partial resource reselection). 
· If the priority indicated in the decoded SA is equal to the priority of the message that the UE intends to transmit:
· For the transmission of an already scheduled TB, it is up to UE implementation if it transmits on the affected resources.
· For the transmission of the next unscheduled TB, the UE reselectes the resources of the affected transmissions (i.e.,  partial resource reselection).
· If the priority indicated in the decoded SA is lower than the priority of the message that the UE intends to transmit, 
· For the transmission of an already scheduled TB, it is up to UE implementation if it transmits on the affected resources.
· For the transmission of the next unscheduled TB, it is up to UE implementation to reselect resources. 
· Partial resource reselection does not reset the reselection counter.
[bookmark: _Ref450036024]Reselection due to congestion control
Congestion control (CC) is used to mitigate the problems in highly loaded scenarios. CC may act, for example, over parameters like TBS, MCS, transmit power, etc. For example, it may enforce all UEs to use a high MCS, etc. Consequently, changes in congestion control may render a resource selection unsuitable. In such cases, a UE must reselect resources to ensure that it is operating within the limits set by CC.
Proposals:
· A UE immediately reselects resources whenever a change in congestion control is not compatible with its current resource selection.
Conclusions 
Proposals:
· A UE performing resource reselection does not make use of booked resources corresponding to the old selection.
Proposal:
· For resource reselection, UEs use independent (i.e. asynchronous timers) counters. 
· A UE draws a random number uniformly at random from {5,…,10} when (re)setting a counter.
· The counter is decreased by 1 every time the UE transmits a new TB.
· The UE reselects all resources when the counter reaches zero and resets the counter.
Proposals:
· If the UE has booked resources for transmission during TTI n (first transmission of a TB) and has not received a packet in its TX buffer at the end of TTI n-g: 
· The UE may establish a new booking on the same frequency resource.
· Alternatively, resource reselection is triggered.
· In both cases, the UE may send an SA to drop the coming booking.
· FFS: value of g.
· A UE is not allowed to transmit padding bits alone in order to avoid performing resource reselection.
· If a UE has booked resources for transmission during TTI n and a packet arrives at time n-f or earlier, then the UE selects new resources for transmission of the packet.
· f depends on the latency requirements of the packet to transmit.
· It is up to UE implementation to keep the old booking or to establish a new one.
Proposals: 
· A UE is only allowed to select the MCS value from a subset that is a function of: scheduled bandwidth, UE absolute speed, parameters related to synchronization source, priority level, and congestion control state.
· A UE is not allowed to use padding bits excedeing [X]% (value FFS) of the TBS.
· A UE reselects resources if any of the following condition takes place:
· The current UE speed differs substantially from the speed of the UE when it last performed resource (re)selection. Details FFS.
· The parameters related to the synchronization source have changed with respect to those taken into account when the UE last performed resource (re)selection. Details FFS.
· The current TB has a TBS that cannot be transmitted with the available list of MCS (including padding, if necessary).
Proposals:
· A UE may reselect resources if the priority of the message to transmit is different from the priority of the one indicated in the booking.
Proposals:
· If the energy E of the data packet associated with an SA is below a threshold E<T, then the contents of the SA is not considered for triggering resource reselection. 
· FFS: how to set the threshold T depending on channel load.
· If by decoding a received SA, a UE detects that the resources signaled in the SA (as scheduling or booking) overlap with those on which the UE has scheduled a transmission:
· If the priority indicated in the decoded SA is higher than the priority of the message that the UE intends to transmit:
· For the transmission of an already scheduled TB, the UE does not transmit on the affected resources.
· For the transmission of the next unscheduled TB, the UE reselectes the resources of the affected transmissions (i.e.,  partial resource reselection). 
· If the priority indicated in the decoded SA is equal to the priority of the message that the UE intends to transmit:
· For the transmission of an already scheduled TB, it is up to UE implementation if it transmits on the affected resources.
· For the transmission of the next unscheduled TB, the UE reselectes the resources of the affected transmissions (i.e.,  partial resource reselection).
· If the priority indicated in the decoded SA is lower than the priority of the message that the UE intends to transmit, 
· For the transmission of an already scheduled TB, it is up to UE implementation if it transmits on the affected resources.
· For the transmission of the next unscheduled TB, it is up to UE implementation to reselect resources. 
· Partial resource reselection does not reset the reselection counter.
Proposals:
· A UE immediately reselects resources whenever a change in congestion control is not compatible with its current resource selection.
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