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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1 #86bis meeting, the following agreement [1] for partial sensing by P-UE was reached:
· The following aspects needs to be addressed to define resource selection based on partial sensing
· How to determine the subset of subframes in which UE performs sensing
· How to determine the subset of subframes for the candidates of resource selection
· How to relate these two subsets
· Study the above aspects in terms of PRR and energy consumption
In this contribution we discuss the resource selection mechanism for P-UE partial sensing and priority handling.
Discussion on partial sensing for P-UEs
[bookmark: _Ref462665980]Partial sensing window and selection window setting
For P-UEs, the assumption about traffic is 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 in the 1s window before reselection. This enables significant power consumption reduction. Assume that the P-UE reservation scheme is same as for the V-UE. When resource reselection is triggered, the counter is reset to a value that is uniformly randomly selected between 5 and 15. On average, resource reselection is triggered after 10 transport blocks, Assuming 10 sensing subframes in the 100ms sub-period, according to the power consumption model in [10], the power consumption is computed as follows:
· P-UE senses only in the 1s window before the resource reselection time. That is 10*10 subframes every 10*1000 subframes are sensed. Consumed power is:
1 unit * 10*10 subframes / 10*1000 subframes = 0.01 units/subframe
· P-UE senses every 100ms. Consumed power is:
1 unit * 10 subframes / 100 subframes = 0.1 units/subframe
It is clear that sensing in 1s window saves 90% power consumption compared to periodic sensing.
Proposal 1: A P-UE only senses in the 1s window before the resource reselection time.
For detailed subset of sensing subframes in 1s window and subset of candidate resource selection window, several options are discussed as follows.
Option 1: P-UE senses the same X (e.g. X=10) subframes in every 100ms sub-period. 
At the last RAN1 meeting, there were discussions on partial sensing with a subset of periodic sensing subframes for P-UEs [3][4]. The periodicity is due to the flexible reservation intervals of V-UEs. If a P-UE intends to select a resource in subframe n, it senses the resource on subframes n-M (e.g. n-100, n-200, …) to detect if the resource is reserved by other UEs, where M is a set of resource reservation periods. For the values of M, one option is that M includes all the values of {100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000}, as shown in Figure 1. 
[image: ]
Figure 1. An example of sensing the same subset in every 100ms sub-period
Option 2: P-UE senses the same X (e.g. X=10) subframes in some of the 100ms sub-period. 
This option is almost the same as Option 1 except that M is the allowed values in the set of {100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000} by carrier-specific and/or pool (pre)configuration. If some values for M 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 3, if the range of M is restricted to [100, 1000], the P-UE does not need to sense at [200ms, 300ms, 400ms, 500ms, 600ms, 700ms, 800ms, 900ms]. The P-UE still gets full reservation information for the resources in the selection window. 
[image: ]
Figure 2. Example of subset of sensing subframes corresponding to allowed reservation intervals
As shown in our companion contribution [6], the PRR performance of the option 1 and option 2 is almost the same, while option 1 has a 4x increase in power consumption compared to option 2. Consequently, we propose to adopt option 2. 
Proposal 2: For any candidate resource in subframe y within the P-UE selection window, P-UE shall have sensed at least subframe y-M for all M values, where M is a set of resource reservation periods which are allowed by carrier-specific and/or pool (pre)configuration and restricted to {100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000}
With the following enhancement, this option can fit for the 20ms and/or 50ms V-UE reservation period configured case. For any candidate resource in subframe y within the P-UE selection window, P-UE shall have sensed the subframe y-20 and/or y-50 if subframe y-20 and/or y-50 exists before the resource reselection time.
Proposal 3: If 20ms and/or 50ms V-UE reservation period are configured, for any candidate resource in subframe y within the P-UE selection window, P-UE shall have sensed the subframe y-20 and/or y-50 if subframe y-20 and/or y-50 exists before the resource reselection time.
[bookmark: OLE_LINK11]However, for option 1 or option 2, if the sensing start time is random for different P-UEs, the collision probability may be reduced and the PRR can be better than the fixed start time, as shown in our companion contribution[6]. Furthermore, when the RSRP of the subset is high or there are not enough available resources in the subset, the sensing start time should be changed. For option 2, one example is given in Figure 3, a P-UE cannot find enough resources in the subset with offset1. In such a case, it changes the sensing start time to a different offset value offset2 and performs sensing.  For option 1, this is also the case. 


Figure 3. An example of sensing window adjustment process
Proposal 4: each P-UE randomly selects the starting time of its sensing subset and adjusts the starting time according to the partial sensing results.
· A P-UE can select a different offset if it cannot find free resources during sensing
Discussion about PSSCH-RSRP threshold increasing process
[bookmark: OLE_LINK6]Similarly to what happens for V2V, it is possible for a P-UE that after SA decoding and PSSCH-RSRP based resource exclusion with the initial PSSCH-RSRP threshold, there are not enough remaining resources for resource selection. The PSSCH-RSRP threshold increasing process used for V2V could be applied by the P-UE 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. If a random resource selection pool is configured, it could also randomly select resources in the pool. The related simulation results are shown in our companion contribution [6]. While the pool could be overlapped with the sensing pool, the reserved resources indicated by the partial sensing result can be excluded to further reduce the collision probability. If a random resource selection pool is not configured, one option is that P-UE can select resources from the un-sensed resources in which the reservation resources indicated by SA and/or the potential reservation resources are excluded.
Proposal 5:  If a P-UE cannot find enough resources after SA decoding and PSSCH-RSRP based resource exclusion with the initial PSSCH-RSRP threshold, it behaves as follows:
· When a random resource selection pool is configured, the P-UE selects resources in the random resource selection pool excluding the reserved resources indicated by the partial sensing result if exist.
· When a random resource selection pool is not configured, the P-UE can select resources from the un-sensed resources in which the reservation resources indicated by SA and/or the potential reservation resources are excluded 
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 than 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 6: For resource reservation for P-UEs, P is set to 1s
Priority handling
According to TR 22.885 [8], the frequency of P-UE transmission is lower than that of V-UEs. In addition, the coverage range of P-UEs is lower than that of V-UEs [9]. Thus, it makes sense to protect the P-UE messages more than the V-UE ones. Consequently, for the 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 7: The detection thresholds for P-UEs are different than for V-UEs.
[bookmark: OLE_LINK13]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 5. 
Proposal 8: P-UE will not detect the resource that has previously been indicated as reserved.


[bookmark: _Ref465837521][bookmark: _Ref465415065][bookmark: _Ref462128759]Figure 5. 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: A P-UE only senses in the 1s window before the resource reselection time.
Proposal 2: For any candidate resource in subframe y within the P-UE selection window, P-UE shall have sensed at least subframe y-M for all M values, where M is a set of resource reservation periods which are allowed by carrier-specific and/or pool (pre)configuration and restricted to {100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000}
Proposal 3: If 20ms and/or 50ms V-UE reservation period are configured, for any candidate resource in subframe y within the P-UE selection window, P-UE shall have sensed the subframe y-20 and/or y-50 if the subframe y-20 and/or y-50 exist before the resource reselection time.
Proposal 4: each P-UE randomly selects the starting time of its sensing subset and adjusts the starting time according to the partial sensing results.
· A P-UE can select a different offset if it cannot find free resources during sensing
Proposal 5:  If a P-UE cannot find enough resources after SA decoding and PSSCH-RSRP based resource exclusion with the initial PSSCH-RSRP threshold,  it behaves as follows:
· When a random resource selection pool is configured, the P-UE selects resources in the random resource selection pool excluding the reserved resources indicated by the partial sensing result if exist
· When a random resource selection pool is not configured, P-UE can select resources from the un-sensed resources in which the reservation resources indicated by SA and/or the potential reservation resources are excluded 
Proposal 6: For resource reservation for P-UEs, P is set to 1s
Proposal 7: The detection thresholds for P-UEs are different than for V-UEs.
Proposal 8: P-UE will not detect the resource that has previously been indicated as reserved.
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