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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1 #86 meeting, the following agreement [1] for V2P resource selection was reached:
· The specification supports the possibility for a P-UE to use random selection, including at least all P-UEs which do not have sidelink Rx capability
· […]
· The specification supports the possibility for a P-UE to use partial sensing in a subset of subframes
· Details of P-UE partial sensing are FFS […]
In this contribution we discuss the resource selection mechanism for P-UE for both random selection and partial sensing. We also discuss priority handling.
Random selection for P-UEs
At the last RAN1 meeting, the following was agreed:
· If a P-UE uses random selection, it shall only pools in which random selection by P-UEs is permitted
· It is up to network configuration whether a pool in which random selection by P-UEs is permitted overlaps with other pools 
Having separate, non-overlapping pools fragments the available resources and reduces spectral efficiency since multiplexing efficiency is reduced. Thus, it is better to enable the pools to overlap, with potentially one resource pool fully contained in another. This is useful for some deployment scenarios such as the freeway where the presence of a pedestrian on a highway is small.
Proposal 1: Resource pools for P-UEs and V-UEs can overlap 
Discussion on partial sensing for P-UEs
At the RAN1#86 meeting, it was agreed to support partial sensing for P-UEs. This is particularly beneficial for higher-density environments. In this section, we describe how partial sensing can be done for P-UEs. In particular, we look at the following issues:
1. How to do partial sensing
2. How to determine the candidate resources according the partial sensing 
3. How to reserve resource
4. How to set the detection threshold according to the priority
5. How to further reduce sensing

[bookmark: _Ref462665980]Partial sensing window setting
At the last RAN1 meeting, some companies discussed partial sensing with a subset of periodic sensing subframes for P-UEs [2][3][4]. The periodicity is due to the flexible reservation intervals of V-UEs. An example is shown in Figure 1. If a P-UE intends to select a resource in subframe n, it senses the resource on subframes n-P*i (e.g. n-100, n-200, …) to detect if the resource is reserved by other UEs. The value of i is selected in the range [0, 1, …, 10] and can be restricted by carrier-specific network configuration or pre-configuration. If some values for i are not configured on a particular carrier, some subframes in the subset of periodic subframes do not need to be sensed. As illustrated in Figure 1, if the range of i is restricted to [0, 1, 2, 4, 6], the P-UE does not need to sense at 500ms. This is beneficial from P-UE power consumption perspective.
[image: ]
[bookmark: _Ref462768559]Figure 1. Example of subset of sensing subframes corresponding to allowed reservation intervals
For partial sensing by P-UEs, the sensing window must be chosen so that the performance of the sensing for V-UEs is not affected too much. In particular, it is necessary to evenly distribute the P-UEs in time to make sure that the traffic demand is relatively uniform in time. One simple way to achieve that is to have each P-UE pseudo-randomly selecting the start of their sensing window, as illustrated in Figure 2: the 1s sensing window for a V-UE can be partitioned into 10 sub-windows of 100ms, and each P-UE can randomly select the location of start sensing in every sub-window. Thus, each P-UE senses 10 subframes in each sub-window.

 
[bookmark: _Ref462128310]Figure 2. Random sensing window in per equal time domain interval

In addition, there are benefits in having the UE not always sensing the same location in every sub-window. For instance, a particular sub-window could be more crowded than another due to e.g., a statistical anomaly (more P-UEs randomly selecting the same start location in every sub-window), or the V-UE traffic (e.g., a V-UE with a >100ms traffic periodicity). Thus, the overall sensing performance can be improved if the UE selects a different start location in every sub-window.
Also, for P-UEs, the traffic is generally assumed to be such that the TB size and period do not vary over time. With such traffic, P-UEs can predict when to perform resource reselection and can sense only in the sensing window corresponding to the resource reselection time. 
[bookmark: OLE_LINK15]Proposal 2: 
· A P-UE takes into account the restrictions on the value of i when performing sensing
· A P-UE randomly senses 10 subframes in every 100ms sub-window of the 1s sensing window it would use if it were a P-UE.
· A P-UE senses the carrier only in the sensing window associated with resource reselection time.

Determination of the set of candidate resources
As described in Section 3.1, a P-UE only senses over a sub-window in the entire 1s sensing window. However, if the resource allocation principles of V2V are used, the resource selection will be performed over the entire 1s window. Most of the time, this is not an issue, since the V2P traffic periodicity is assumed to be 1s. However, the case of a different traffic periodicity needs to be addressed.
A P-UE performs partial sensing, thus does not have information for the entire 1s sensing window. The fact that only partial information is available needs to be taken into account in the resource selection process. One way is to limit the resource selection to a fraction of the 1s sensing window, and to select resources in the [-K, K] interval, as shown in Figure 3. A P-UE can determine the set of candidate resources according to the results of partial sensing. Since the occupied state of the resources around the sensing window is likely to be similar to that of the sensed resources, the P-UE can select resources in the [-K, K] interval to reduce the collision and power consumption. 
A P-UE implements sensing in partial subframes, but can select resource from the candidate resources which include not only the sensed resources but also some the un-sensed resources. So, how to determine the set of candidate resources for P-UE is a problem that needs to be solved. We give one option about the issue: predefine one or many parameter K(s) are used to indicate K subframes front/back sensed time domain resources as the candidate resources, as shown in Figure 3. Of course, the parameter K could be many different values according to the sensing result of every sensing window for P-UE.

 
[bookmark: _Ref462128725]Figure 3. the relationship between partial sensing and the set of candidate resources
Proposal 3: The set of candidate resources is selected around the sensed resources

Similarly to what happens for V2V, it is possible that after sensing and resource exclusion, there are not enough remaining resources for resource selection. The increasing threshold process used for V2V could be applied as well, but could lead to unnecessary performance degradation: for instance, it is possible that there are plenty of available free resources outside of the sub-window.
In order not to penalize the V-UEs, the P-UE that cannot find enough resources after partial sensing may simply select a resource in a pool configured for random resource selection if the pool is configured. If the pool is not configured, the P-UE have to select a resource among the found resources and will suffer a high collision probability. In such a case, it is beneficial to reselect the resource for the next transmission. Thus, the selected resource should not be reserved
Proposal 4:  The P-UE that cannot find enough resources after partial sensing behave as follows:
· If a random resource selection pool is configured, it randomly selects resources in the pool for random resource selection
· If a random resource selection pool is not configured, it does not reserve resources for the following TB transmission
Reservation procedure
Resource reservation is supported for V-UEs. A V-UE transmits the SA in TTI (m+c), and transmits the first TB in TTI (m+d). The subsequent TB(s) is transmitted in TTI (m+d+P*i). The parameter P*i is the reservation period which is related to traffic characteristics. For V2V, P is a parameter fixed to 100, and i is selected in the range [0, 1, …, 10].
For P-UEs, resource reservation can be used to reduce resource collisions and perhaps more importantly reduce power consumption. For P-UEs, the reservation mechanism can be similar to that of V-UE. However, the traffic periodicity for P-UEs is different from that of V-UE and is generally assumed to be 1s. It should also be studied whether the parameters i and J need to be adjusted as well.
Proposal 5: For resource reservation for P-UEs, P is set to 1s
Priority handling
According to TR 22.885 [5], the frequency of P-UE transmission is lower than that of V-UEs. Furthermore, as explained in our companion contribution [6], the coverage range of P-UEs is lower than that of V-UEs. Thus, it makes sense to protect the P-UE messages more than the V-UE ones. Consequently, for a packets with the same priority, it is reasonable to provide a transmission advantage for the P-UE over the V-UE. 
For V-UE resource selection, the threshold used for resource selection depends on the relative priority of the data to be transmitted and the data received on the resource. In order to provide a transmission advantage for P-UEs over V-UEs, a different set of thresholds need to be used by the P-UEs.
Proposal 6: The detection thresholds for P-UEs are different than for V-UEs and are pre-configured or configured by the eNB.
Further sensing reductions
When the sensing window of P-UE occurs periodically (e.g. 100ms), a P-UE decodes an SA in every sensing window, regardless of the previously obtained reservation information. In order to reduce the P-UE power consumption, a P-UE should not decode an SA and not perform measurement on the associated data if the resource has previously been indicated as reserved, as illustrated in Figure 4. 
Proposal 7: P-UE does not decode the SA of previously reserved resources and does not perform power measurements on the associated data.


[bookmark: _Ref462128759]Figure 4. P-UE skips the reserved resources
[bookmark: _Ref129681832]Conclusions
In this paper, we discuss on P-UE resource selection procedure. Based on the analysis, we propose the following:
Proposal 1: Resource pools for P-UEs and V-UEs can overlap
Proposal 2: 
· A P-UE takes into account the restrictions on the value of i when performing sensing
· A P-UE randomly senses 10 subframes in every 100ms sub-window of the 1s sensing window it would use if it were a P-UE.
· A P-UE senses the carrier only in the sensing window associated with resource reselection time.
Proposal 3: The set of candidate resources is selected around the sensed resources
Proposal 4:  The P-UE that cannot find enough resources after partial sensing behave as follows:
· If a random resource selection pool is configured, it randomly selects resources in the pool for random resource selection
· If a random resource selection pool is not configured, it does not reserve resources for the following TB transmission
Proposal 5: For resource reservation for P-UEs, P is set to 1s
Proposal 6: The detection thresholds for P-UEs are different than for V-UEs and are pre-configured or configured by the eNB.
Proposal 7: P-UE does not decode the SA of previously reserved resources and does not perform power measurements on the associated data.
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