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In this contribution, we first discuss the remaining details of the sensing resource (re)selection procedure, followed by some discussion on reselection triggers. 
Details of resource (re)selection procedure
In RAN1#85, resource (re)selection procedure for PSCCH/PSSCH transmission having the same priority was discussed and a stepped-approach was agreed. In what follows, we discuss the remaining details for each of these steps.
Step 2: Resource exclusion at least based on SA decoding and additional conditions
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
The basic functionality of Step 2 is to combine SA decoding and energy measurement, with the goal of excluding PSSCH resources with clear occupancy indications (based on SA decoding) and sufficiently high energy (based on energy measurement/estimation). Both Option 2-1 and Option 2-2 support SA decoding but they differ how they measure energy for the associated data resource, either based on PSSCH DM RS power measurement (Option 2-1) or derived/estimated based on measurement in the SA resource (Option 2-2). From our perspective, estimating associated data resource energy based on SA measurement is not straightforward, since both SA and data resources could experience different interference and in-band emission conditions, which are not easily predictable. Nevertheless, based on information from the decoded SA, estimation of energy in the associated data resources can be considered.
Proposal 1: Down select Option 2-1 in Step 2. In addition, the PSSCH resource energy estimation should be specified. 
PSSCH resource energy estimation based on measurements 
A core procedure that needs to be discussed in Option 2-1 or Option 2-2 is how to estimate PSSCH resource energy in future instances based on PSSCH energy measurements gathered in the past (the 1s sensing window). We discuss this procedure in the following cases:
Case 1: UE0 can perform sensing and have successfully decoded other UEs SA
Case 2: UE0 can perform sensing but failed in decoding other UEs SA (Failed SA)
Case 3: UE0 has to skip sensing in subframes used for its own transmission (Missed SA)
PSSCH energy estimation in Case 1 is straightforward, assuming resource reservation indicators can be retrieved from the decoded SA. In Case 2, having failed in decoding other UE’s SA, UE0 has no knowledge where other UE’s associated data are transmitted (on which PSSCH resources) and how the occupied PSSCH resources are reserved (the recurring pattern of PSSCH resources). Case 3 has been discussed in RAN1 [85-09] email discussions, and it is FFS whether/how to account for skipped subframes
Observation 1: When the UE misses or fails decoding other UE’s SA, predicting the recurring pattern of PSSCH energy measurement (if exists) is challenging. 


[bookmark: _Ref458062880]Figure 1: Illustration of UE1’s retrieval of PSSCH resource energy on subframes used for its own transmission (at subframe t1), utilizing time and frequency resource indicators and reservation indicators carried in UE0’s SA
We discuss the above issue using an example shown in Figure 1, where for UE0, one TB is (re)transmitted twice (in dark blue), in subframes t1 and t2, respectively. Each data (re)transmission for the same TB has the associated SA transmission (in green). UE1 is sensing the resources. Unfortunately, one of UE1’s data (re)transmissions of one TB occurs also in subframe t1. Hence, UE1 skips sensing in this subframe and missed UE0’s SA in subframe t1. Figure 1 can also represent the case when UE1 can perform sensing but failed to decode UE0’s SA in subframe t1. 
In both cases, UE1 cannot associate the corresponding PSSCH energy measurement (if exists) to UE0’s data transmission, and thus cannot predict the recurring pattern of the PSSCH energy measurement, e.g., whether it will occur every 100ms, 200ms, or 500ms, etc.  
Now, let us consider that UE1 has successfully decoded UE0’s SA in subframe t2 and suppose that time and frequency resource indicators of all data (re)transmission corresponding to one TB can be recovered. Then, in addition to retrieving UE0’s occupied PSSCH resource in subframe t2, UE1 also identifies that UE0 has occupied PSSCH resources for data transmission in subframe t1. In addition, UE1 can estimate the corresponding PSSCH resource energy in subframe t1 based on PSSCH measurements obtained in subframe t2. 
Observation 2: Although the UE cannot directly obtain sensing information on subframes used for its own transmission, it can retrieve resource occupancy information indirectly based on time and frequency resource indicators carried in the decoded SA in other subframes. 
Furthermore, consider that resource reservation indicators are carried in the SA as well. Then, in the above example, by successfully decoded UE0’s SA in subframe t2, in addition to recovering energy measurements of the occupied PSSCH resources in the past, UE1 is also capable of knowing where such resource occupancy pattern will occur, such as when it will reappear (i.e., the reservation period P*i) and for how many times (i.e., the number of reservations J). 
Observation 3: If resource reservation indicators are carried in the SA, the UE can predict the recurring pattern for PSSCH energy measurement. 
Therefore, it is proposed that both resource indicators and reservation information are carried in the SA. 
Proposal 2: Each SA has time/frequency resource indicators and reservation information of all data (re)transmissions corresponding to one TB.
Step 3: Transmission resource selection from the resources not excluded by
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 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 step 2, the UE excludes resources at least based on SA decoding and additional conditions, and step 3 is where the UE selects its transmission resource from the resources not excluded. There are four options considered for step 3. From the implementation complexity, , option 3-2 is the simplest among the four options. However, there are some potential enhancements for option 3-2. The UE randomly selects one resource from the available resources subset. Because different UEs may select the resources with different RSRP/RSRQ values (e.g., P1, P2), assuming P1>P2, the performance when the UE selects one resource with energy value P1 to transmit data is lower than that with energy value P2. Therefore, according to the energy value on the resource, the UE can determine whether different transmitting probability on per available resource should be considered. The lower the RSRP value on the resource is, the higher the probability of transmitting packet on the resource will be. Then, the UE transmits packets according to the transmitting probability on the selected resource.
Proposal 3: According to sensing results (e.g. RSRP value) on the resource, the UE can determine its transmitting probability.
Resource selection under incomplete sensing information
In this subsection, we discuss the following FFS:
	FFS whether the initial resource selection needs to be designed differently from the procedure below.
The problem arises from the fact that upon arrival from the application, V2V packets need to be transmitted within less than 100ms. While the UE is continuously sensing, there are scenarios when resource selection is made with incomplete sensing information, e.g., when the vehicle is started (with no sensing information) or when a new Tx resource pool is configured (previous sensing information becomes obsolete). In such cases, Rel-12 D2D random resource selection can be considered.
Proposal 4:  Consider Rel-12 D2D random resource selection as a baseline design for resource selection with incomplete sensing information.
Remaining details of for sensing reselection triggers
Counter
In RAN1#84bis, details of using counter as a trigger for resource reselection were agreed. We discuss some remaining details in this subsection.
· Reselection is triggered if any of the following conditions are met 
· A counter meets an expiration condition 
· The counter decrements 
· Working assumption: every TB transmission (can be revisited if a problem is identified with TBs other than every 100 ms) 
· The counter is reset to a value when reselection is triggered for all the semi-persistently selected resources. 
· The value is uniformly randomly selected within a range (which is independent of the TB arrivals) between 5 and 15 
The counter mechanism ensures that resources are shared fairly among all vehicle UEs, such that each UE releases occupied resources after a certain amount of time and switches to other available resources. Current agreements set the time limit (of semi-persistently using the same transmission resource) to be an integer randomly drawn from [5, 15]. From our perspective, configurability of these limits should be supported to optimize system performance for different wireless/network conditions. For example, in a congested scenario, a smaller counter range (e.g., [5, 8]) can be configured such that occupied resources are released more frequently. Similarly, a larger counter range (e.g., [10, 15]) becomes a better configuration option when vehicle density is low (resources are more likely to be shared in a non-orthogonal manner). Therefore, it is proposed to have the counter range be network configured or pre-configured.
Proposal 5: The counter range can be network configured or pre-configured.
[bookmark: _Ref129681832]Resource collision detection
Collision detection with muting
Resource collision occurs when transmissions of two UEs overlap in the same time-frequency resources. This issue is of particular relevance in the context of UE autonomous resource selection with semi-persistent transmission, where packet collisions could last for a consecutive numbers of periods. One approach for potential resource collision identification is muting for some specific transmission subframes. Basically, each UE can be (pre)configured with some muting pattern, where instead of transmitting, the UE can mute and detect if there are potential collisions on the resources that it currently occupies. If a collision is detected, reselection will be triggered. Detailed subframe-level muting mechanisms are discussed in our companion paper [3]. 
Proposal 6: Subframe-level muting is supported for collision detection.
Alternatively, symbol-level muting also stands as an efficient method. For instance, 
1) The first subframe of the reserved radio resource of each UE is a special muting subframe where each UE mutes or defers its transmission for a random number of consecutive symbols within the first subframe; 
2) During the random muted symbol period, UE senses and measures the energy level of muted symbols to detect potential collisions with other UEs; 
3) If collision is detected, resource-reselection is immediately triggered; if not, the UE will start transmissions immediately after the muted symbol durations.  
[image: ]
[bookmark: _Ref458066517]Figure 2. Symbol-level random muting resolves the resource collisions between UE 4 and UE 5
Figure 2 shows an example of symbol-level random muting scheme. UE 4 and UE 5 happen to select the same resource block in the data pool e.g., due to the misdetection of each other’s SA message. Before the data transmission, UE 4 and UE 5 each draw a random number of symbols in the 1st subframe for sensing the selected resource block.  UE 5 draws a longer sensing period than UE 4, thus UE 4 captures the resources since it determines the resource to be empty after its sensing period. UE 5 detects the resource to be already occupied after its sensing period, and therefore triggers resource reselection.    
The advantage of this scheme is that it only costs a few muted symbols without data transmissions and it also can detect the potential collisions as early as the possible in the 1st subframe. It does not necessarily require pre-defining muting patterns, making itself attractive for dynamic V2V environment.   
Proposal 7: Symbol-level random muting is supported for collision detection.
Collision detection with notification from another UE
We discuss resource collision detection with notification from another UE. Per the following agreement in RAN1#84bis,
· Reselection is triggered if
· …
· FFS additional condition(s), e.g.,
· …
· Reselection triggered by notification on resource collision from another UE
· …
For example, a third UE could identify resource collision by decoding two SAs (from two UEs) that point to overlapping PRB resources for PSSCH transmission. By broadcasting this sensing result to the surrounding UEs, the UEs that occupy the colliding PRB resources can be notified for potential resource collision and resolution. 
Proposal 8: Notification from another UE is supported for collision detection.
Collision detection with prediction of future neighbors and their resource usage  
In a mobile environment such as highway multi-lane, the direct neighbors of a current UE may change suddenly i.e., some direct neighboring UEs may leave (e.g., turn into another lane) whereas others join as direct neighbors. Here, the term “direct neighbor” means the set of neighboring nodes that can successfully communicated on the sidelink with the current UE. The sudden change of direct neighbor can lead to resource collision since new direct neighbors’ resource reservation (SA) is not coordinated with the current UE due to their far spatial distance. To alleviate this type of collision, one efficient method is that the current UE can predict the mobility of neighbor nodes and thus also the update of direct neighboring UEs (possibly by combining with a path loss exponent). For example, if it predicts a potential UE A will be its new direct neighbor and happen to use the same resource, it will trigger a resource re-selection in advance to avoid a resource collision with UE A. Likewise, if it predicts a potential UE B will be no longer its direct neighbor, it will consider use UE B’s resource in the future. 
Proposal 9: Predicting future neighbor list and their resource usage is supported for collision detection.
Conclusion
Resource (re)selection triggering mechanisms are discussed in this contribution. The following observations and proposals and are made on sensing resource reselection procedure:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: When the UE misses or fails decoding other UE’s SA, predicting the recurring pattern of PSSCH energy measurement (if exists) is challenging. 
Observation 2: Although the UE cannot directly obtain sensing information on subframes used for its own transmission, it can retrieve resource occupancy information indirectly based on time and frequency resource indicators carried in the decoded SA in other subframes. 
Observation 3: If resource reservation indicators are carried in the SA, the UE can predict the recurring pattern for PSSCH energy measurement. 
Proposal 1: Down select Option 2-1 in Step 2. In addition, the PSSCH resource energy estimation should be specified.
Proposal 2: Each SA has time/frequency resource indicators and reservation information of all data (re)transmissions corresponding to one TB.
Proposal 3: According to sensing results (e.g. RSRP value) on the resource, the UE can determine its transmitting probability.
Proposal 4:  Consider Rel-12 D2D random resource selection as a baseline design for resource selection with incomplete sensing information.

In addition, the following observations and proposals and are made on reselection trigger:
Proposal 5: The counter range can be network configured or pre-configured.
Proposal 6: Subframe-level muting is supported for collision detection.
Proposal 7: Symbol-level random muting is supported for collision detection.
Proposal 8: Notification from another UE is supported for collision detection.
Proposal 9: Predicting future neighbor list and their resource usage is supported for collision detection.
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