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1 Introduction

Both PSCCH decoding based sensing and energy based sensing were agreed for V2X resource (re)selection. As agree in RAN1#85 meeting [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.
· Step 3: UE selects its transmission resource from the resources not excluded by (Down select one among the following options)
Agreements:

· 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 

· UE identifies that the TB does not fit within the current resource allocation using the maximum allowed MCS,

· FFS other triggers that may be defined by RAN2,

Working assumption:
· SCI explicitly includes priority information.

· FFS how this priority information is exactly transmitted in SCI.

· Priority information in a decoded SCI is used in resource (re)selection.

· Priority information in a decoded SCI is not used as a condition to trigger resource reselection 

· Priority information in a decoded SCI is not used as a condition to drop transmission.

· Revoke the existing working assumption on the resource reselection triggering condition: 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 an FFS condition
· different conditions for different priorities are not precluded (if any relevant case happens in priority handling from RAN1 point of view).
· Note that applies to resource reselection triggering only.
Decoded PSCCH based sensing is for above step 2. A device can know the exact scheduling and transmission of adjacent devices, so that the device can clearly know whether a resource is reserved in future. In case a signal is weak and PSCCH cannot be decoded, or a PSCCH is not received due to half duplex operation, energy measurement based sensing can be a complement which corresponds to step 3. However the resource reservation according to energy measurement may not rightly match channel occupation of nearby devices. By joint consideration on step 2 and step 3, a suitable resource could be (re)selected. In this contribution, we provide our views on the details on resource (re)selection. 
2 Per-transmission resource (re)selection

For the resource (re)selection in subframe n, a device first sense the channel in a sensing window [n-a, n-b], then estimate the channel occupations of other devices in a period (selection window) after subframe n based on the sensing results in sensing window, and select a free resource. PSCCH is transmitted in n+c, which schedules PSSCH in n+d. Furthermore, PSCCH also indicates the reservation of PSSCH in one or multiple future periods.  

In V2X communications, a transmitter normally needs to transmit a message for K times, e.g. K=2, so as to avoid detection missing due to half duplex restriction. The K resources within a period could be selected at subframe n based on a common sensing window [n-a, n-b]. Assuming delay requirement for V2X traffic of 100ms, the distance between the first transmission and the last transmission of a TB can be up to 100ms. That is, up to 100 subframes that are sensed most recently are not referred when selecting the last one of the K resources. For the initial resource selection w/o any available sensing information or for the case a device only does limited sensing, lack of the assistant of the above latest sensing may result in frequent collisions hence degrade the performance of V2X. 
As shown in Figure 1, one solution is to do resource (re)selection per (re)transmission. In details, only one pair of PSSCH resource is selected at subframe n according to sensing window [n-a, n-b], while a 2nd resource (re)selection is done at subframe n+k based on a latest sensing window [n+k-a, n+k-b]. By this way, sensing in k subframes (n-b, n+k-b] could be taken into account which helps collision avoidance. 
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Figure 1: Per-transmission resource (re)selection

For the flexibility of (re)selection, a PSCCH may only schedule one of the K PSSCH resources, i.e. there is 1-by-1 mapping between PSCCH and PSSCH. The position of a PSCCH for a PSSCH in a period could be selected based on sensing in PSCCH pool or randomly selected. However, it is harmful if PSCCH resource is also periodically reserved. Due to half duplex restriction, a device may miss a PSCCH from a transmitter if the device is doing transmission in the same subframe. Having periodic resource for PSCCH will result in the device missing PSCCH of a transmitter in multiple periods. Therefore, it would be beneficial to allow relative position between PSCCH and PSSCH of a device randomly changed in different periods. 
Proposal 1:

· Within a period, resources for each of the K transmissions are selected separately; A PSCCH only schedules one of the K PSSCH resources;
· Relative position between a PSCCH and a corresponding PSSCH is randomly changed in different period. 
3 Collision handling

There was a working assumption in RAN1#84bis that collision on PSSCH resource detected by a device will trigger resource reselection. However, such WA was revoked in RAN1#85. One argument for the revoke is that a sensing based resource (re-)selection scheme already reduces the remaining collisions to a minimum level, so that no more handling is needed. However, there exists scenario where no enough sensing results available. For initial resource selection, a device may not have available sensing at all, e.g. the device is just turning on. Another scenario is that a device may only perform limited sensing, e.g. for power saving. The resource (re)selection in above scenarios is more likely to collide with other devices. To avoid continuous collision in multiple continuous periods, a collision detected in above scenarios should trigger resource reselection. 
Proposal 2:

· If the resources are (re)selected randomly or based on limited sensing results, a collision detected triggers resource reselection. 
4 Step 2

4.1 Reference received power
In the sensing window, a device can detect other devices’ PSCCH. Once a PSCCH is decoded, the device can know the location of scheduled PSSCH, furthermore, according to information on resource reservation in the PSCCH, the device can also know whether the PSSCH resource will still be occupied after subframe n.  Based on these informations, the device can detect the received DMRS power of  PSSCH scheduled by decoded PSCCH. In case the device misses a scheduling PSCCH, e.g. PSCCH decoding may fail due to burst interference or due to weak signal, or missing a chance for PSCCH reception due to half duplex, however the device receives an early PSCCH which indicates the resource reservation in current period, it is still possible for the device to measure the received power of a PSSCH according to the reservation information conveyed in the decoded PSCCH. When the reference received power is higher than a threshold A, the reserved resource by the other device cannot be used by the device. 
The reference received power is obtained based on the measurements of received power in the sensing window. Since a vehicle is moving fast, the received power could significantly change within the sensing window. That is, a measurement near subframe n reflects the received power in the reserved resource better. In this sense the last available measurement in the sensing window should be used as the reference received power. 
Since a device normally occupies K resources in a period, and the K resources can be in different PRB, the reference received power can be estimated separately for each of the K resources, to better match the frequency selective response. If multiple resources use the same PRB, it is beneficial that the reference received power for a resource is obtained on the latest transmission of the multiple resources. 
Proposal 3:

· A reference received power after subframe n is derived based on the measurements on received power in the sensing window; 
· Reference received power is the last available measurement in the sensing window; 
· Reference received power is estimated per each of K resource of the other device; if same PRB for multiple resources, it is estimated based on latest measurement. 
4.2 Resource availability
For a subframe/PRB resource after subframe n, it is possible reserved by one or multiple other devices according to the decoded PSCCHs. A reference received power could be derived for each of the above other devices. Then, if the reference received power for at least one other device is beyond its threshold, the resource has to be excluded from usage of the current device. 
Since it was agreed that priority information in a decoded SCI is used in resource (re)selection, the above threshold could be configured based on priority information. Consequently, different thresholds may be used for the different other devices reserving the same resource after subframe n. That is, for the other device with a higher priority, a lower threshold should be used, which reduce the possibility of collisions. The threshold could also depend on the moving speed. The higher the speed, measurement of received power become outdated shortly, a more conservative threshold is needed to avoid potential increase of collisions. 

Proposal 4:

· If multiple other devices reserve the same resource after subframe n, the resource is unavailable if the reference received power for at least one other device is beyond its threshold; 
· The threshold in step 2 depends on priority information and the moving speed.  
5 Step 3

5.1 Reference received energy
In some extreme cases, a device cannot know other device’s resource occupation and reservation after subframe n. For example, PSCCH decoding may fail due to burst interference or due to weak signal, or the device may completely miss a chance for PSCCH reception due to half duplex. On the other hand, the received power for a device may be lower than threshold A as discussed in section 4.1, so it will not be excluded in step 2. In such cases, a device can estimate the resource reservation by other devices according to the measurements of received energy detected in sensing window. Similar to discussion in section 4, reference received energy can be derived based on the measurements of received energy detected in sensing window. Then, if the reference received energy is higher than a threshold B, a subframe/PRB after subframe n is not available. 
The total received energy for a subframe/PRB after subframe n consist two parts. Firstly, the device can know that some other devices reserve the subframe/PRB based on decoded PSCCH (Assuming the received power for such device are lower than threshold A, so that it will not be excluded in step 2). Secondly, there are also undetected signals from other devices. Assuming certain period(s) for other devicestransmission/reservation, measurements of received energy of a set of subframe/PRBs in sensing window can be used to derive the reference received energy. Three cases need consideration according the results of PSCCH decoding,
· Device A occupy the subframe/PRB in sensing window and also reserve the subframe/PRB after subframe n, received power of device A already included in the measurement of total received energy;

· Device B occupy the subframe/PRB in sensing window, but not reserve the subframe/PRB after subframe n, received power of device B needs to be excluded from total received energy;

· Device C doesn’t occupy the subframe/PRB in sensing window, but do reserve the subframe/PRB after subframe n, received power of device C needs to be include in total received energy;

For simplicity, by excluding the received power of a device according to PSCCH decoding, the received energy of remaining signal is measured in each subframe/PRB in sensing window. A reference received energy for the remaining signal in a subframe/PRB after subframe n is firstly derived. The reference total received energy is then obtained by adding reference received energy for the remaining signal and reference received power of all other devices reserving the subframe/PRB after subframe n. 

Proposal 5:

· A reference total received energy for the reserved resource after subframe n is derived based on the measurements on received energy in the sensing window; 
· Reference total received energy is obtained by adding reference received energy for the remaining signal and reference received power of all other devices reserving the subframe/PRB after subframe n.  
5.2 Resource availability
For resource processing based on total received energy, it is impossible to adjust the corresponding threshold for a particular other devices. Instead, priority information regarding the device doing resource (re)selection can be used. i.e. a higher threshold may be used if higher priority, so that more resources after subframe n become useful for the current device. The threshold could also be dependent on the moving speed of the device. The higher the speed, measurement of received power become outdated shortly, a more conservative threshold is needed to avoid potential increase of collisions. 

Proposal 6:

· The threshold in Step 3 depends on priority information and the moving speed of the device doing resource (re)selection.  
6 Conclusions
In this contribution, we provide our views on various remaining issue on resource (re)selection based on received power and total received energy. After processing step 2 and step 3, there could be multiple candicate resources available, a set of K resources are then (re)selected for the transmission in next several periods. We made the following proposals, 

Proposal 1:

· Within a period, resources for each of the K transmissions are selected separately; A PSCCH only schedules one of the K PSSCH resources;
· Relative position between a PSCCH and a corresponding PSSCH is randomly changed in different period. 
Proposal 2:

· If the resources are (re)selected randomly or based on limited sensing results, a collision detected triggers resource reselection. 

Proposal 3:

· A reference received power after subframe n is derived based on the measurements on received power in the sensing window; 
· Reference received power is the last available measurement in the sensing window; 
· Reference received power is estimated per each of K resource of the other device; if same PRB for multiple resources, it is estimated based on latest measurement. 
Proposal 4:

· If multiple other devices reserve the same resource after subframe n, the resource is unavailable if the reference received power for at least one other device is beyond its threshold; 
· The threshold in step 2 depends on priority information and the moving speed.  
Proposal 5:

· A reference total received energy for the reserved resource after subframe n is derived based on the measurements on received energy in the sensing window; 
· Reference total received energy is obtained by adding reference received energy for the remaining signal and reference received power of all other devices reserving the subframe/PRB after subframe n.  
Proposal 6:

· The threshold in Step 3 depends on priority information and the moving speed of the device doing resource (re)selection.  
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