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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1 #87 meeting, the following agreement [1] for partial sensing by P-UE was reached:
Agreements:
1. When P-UE makes resource selection/reselection decision at TTI m, the possible candidates resources, i.e., Y subframes, are selected in [m+T1, m+T2]
0. The minimum allowed value of Y is (pre)configured. Selection of Y subframes is up to P-UE implementation.
1. For any candidate resource in subframe n within the set of Y subframes, the P-UE senses at least subframe n-100*k
1. The set of k is (pre)configured with each element in the range [1, 10].
1. P-UE sensing behavior is FFS when the short period is supported in the TX pool of the P-UE
1. FFS when the P-UE starts sensing
In this contribution we discuss the remaining issues on P-UE partial sensing.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Discussion on partial sensing for P-UEs
[bookmark: OLE_LINK10][bookmark: OLE_LINK12]Potential reservation resources
At the last RAN1 meeting, there were discussions on partial sensing with a subset of (pre)configured sensing subframes for P-UEs [3]. The selection for possible candidates resources (the Y subframes per TS36.213 terminology) is up to P-UE implementation. If a P-UE intends to select a resource in subframe n, it senses the resource on subframes n-100*k to detect whether the resource is reserved by other UEs, where k is (pre)configured in the range [1,10]. An example for k=2, 4, 6, 8, 10 is shown in Figure 1. 
Since V-UEs may select resources with an interval of 100ms or shorter and the P-UEs sense with 200ms periodicity, the P-UEs will not sense some resources occupied by V-UEs. Figure 1 shows that the (brown) resources of the V-UE reserving with a periodicity of 50ms are missed; thus there are potential collisions. However, while they are not in the sensing window, the P-UE is aware of the V-UE transmission when it decodes the SA in subframe n-100*2, and thus can exclude it. This can improve PRR by reducing collisions experienced by both V-UEs and P-UEs.


[bookmark: _Ref472489487]Figure 1. An example of scaling number of reservations
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK3][bookmark: OLE_LINK25]Proposal 1: P-UE excludes potential reserved resources from the candidate resources when shorter (e.g.: 20ms or 50ms) reservation intervals are detected in the sensing subframes.
A difference between V2V and V2P is that for P-UEs, the gap between the last sensing sub-window and the candidate Y subframes may be large. For example, when the minimal (pre)configured k is 5, the gap is 500 subframes. This may affect the sensing, especially there was a reservation was made by a V-UE transmitting with short periodicity: a V-UE using a 20ms traffic periodicity can transmit 25 times in a 500 subframe window, making the P-UE sensing outdated.
[bookmark: OLE_LINK24]In order to obtain reliable reservation information, the P-UE needs to sense in the subframes close to the candidate Y subframes. The number of sensing subframes for short reservation interval can be the minimum of the short reservation interval and Y. The P-UE scales the number of reservations of other UE within the Y subframes by 1/i when 0<i<1 for the resource reservation field received in the sensing subframes. The location of the sensing subframes can be up to UE implementation.
In order to have reliable sensing information, the sensing subframes should not be separated from the candidate Y subframes by more than 100ms. On the other hand, the sensing subframes shall be ahead of the candidate Y subframes at least i*P_step subframes since the reservation interval is i*P_step subframes. Figure 2 shows an example. The number of subframes for candidate resources Y is 30. For 20ms reservation interval, a P-UE senses 20 subframes ahead of the candidate resources. The offset of the last subframe of the sensing subframes and the last subframe of the candidate resources can be up to UE implementation, but should be in the [30, 100] range. The P-UE scales the number of reservations of other UE within the candidate resources no more than 5 times for the resource reservation field which equals to 1/5 received in the sensing subframes.
[image: ]
[bookmark: _Ref471486439]Figure 2. An example of sensing subframes for short reservation interval
Proposal 2: For reservation interval of i*P_step when 0<i<1, 
· A P-UE senses N subframes, where N is minimum of i*P_step and Y. 
· The offset between the last subframe of the N subframes and the last subframe of the Y subframes is up to UE implementation.
· [bookmark: OLE_LINK11]A P-UE scales the number of reservations of other UE within the Y subframes by 1/i when the reservation field received in the sensing subframes equals to i.
Sensing start time
If all the P-UEs sense at the same time, there can be increased collisions since all the UE will only use a fraction of the available subframes while leaving other subframes completely unused by P-UEs. If the sensing start time is random for each P-UE, the collision probability is reduced and the PRR is improved, as shown in our companion contribution [6]. 
In addition, 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. In the example shown 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. This can enable the P-UE to access a less crowded set of resources.


[bookmark: _Ref471721286]Figure 3. An example of sensing window adjustment process
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Proposal 3: Each P-UE randomly selects the starting time of its sensing subset and adjusts the starting time according to the partial sensing results.
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.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Proposal 4: The detection thresholds for P-UEs are different than for V-UEs.
[bookmark: OLE_LINK13]Further sensing reductions
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9]When the sensing window of P-UE occurs periodically (e.g. 200ms), a P-UE decodes an SA in every sensing sub-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 measurements on the associated data if the resource has previously been indicated as reserved, as illustrated in Figure 4. When the number of the candidate resources is less than 20%, P-UE could perform measurement on the associated data resources which has previously been indicated as reserved.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK26][bookmark: OLE_LINK27]Proposal 5: P-UE does not detect the SA for a resource that has previously been indicated as reserved.

 
[bookmark: _Ref471721353][bookmark: _Ref465415065][bookmark: _Ref462128759]Figure 4. P-UE skips the reserved resources
[bookmark: _Ref129681832]Discussion on gap configuration for P-UEs
When a P-UE uses both the Uu operation and PC5-based V2X operation simultaneously, the Rel-13 D2D gap-based solution can be reused to prioritize PC5-based V2X operation over Uu operation. No additional standardization mechanism needs to be defined. However, it is noted that the gap indication based on subframe bitmap defined in D2D is not efficient for P-UEs: P-UE transmissions occur every 1s, thus the length of the bitmap for TX gap would be 1000 with the existing D2D signaling, and would be even longer for the RX gap. 
In order to reduce the signaling load, the gap pattern can be indicated by an offset, duration, and period instead of a bitmap, for both the TX and RX gaps. 
[bookmark: _GoBack][image: ]
[bookmark: _Ref471745029]Figure 5. An example of gap pattern indication
Proposal 6: A gap similar to Rel-13 D2D gap is used when P-UE performs SL transmission and UL or DL transmission simultaneously and shares power between them.
· The gap pattern can be indicated by offset, duration and period.
· TX gap and RX gap can be indicated by the same gap pattern indication.
· Signaling details are up to RAN2.
Conclusions
In this paper, we discuss on P-UE resource selection procedure. Based on the analysis, we propose the following:
Proposal 1: P-UE excludes potential reserved resources from the candidate resources when shorter (e.g.: 20ms or 50ms) reservation intervals are detected in the sensing subframes.
Proposal 2: For reservation interval of i*P_step when 0<i<1, 
· A P-UE senses N subframes, where N is minimum of i*P_step and Y. 
· The offset between the last subframe of the N subframes and the last subframe of the Y subframes is up to UE implementation.
· A P-UE scales the number of reservations of other UE within the Y subframes by 1/i when the reservation field received in the sensing subframes equals to i.
Proposal 3: Each P-UE randomly selects the starting time of its sensing subset and adjusts the starting time according to the partial sensing results.
Proposal 4: The detection thresholds for P-UEs are different than for V-UEs.
Proposal 5: P-UE does not detect the SA for a resource that has previously been indicated as reserved.
Proposal 6: A gap similar to Rel-13 D2D gap is used when P-UE performs SL transmission and UL or DL transmission simultaneously and shares power between them.
· The gap pattern can be indicated by offset, duration and period.
· TX gap and RX gap can be indicated by the same gap pattern indication.
· Signaling details are up to RAN2.
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