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1. Introduction
In RAN1#87 meeting [1], the following agreements are made on pedestrian UE autonomous resource selection for P2V communications:

Agreements:
· (Pre)configuration instructs whether a P-UE uses partial sensing only, random selection only, or either of the two (FFS whether the selection is made by UE implementation).
· When a P-UE is instructed to use partial sensing only, FFS whether there is any case where the P-UE uses random selection.

Agreements:
· Support of partial sensing is up to UE capability.
Agreements:
· 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]

· The minimum allowed value of Y is (pre)configured. Selection of Y subframes is up to P-UE implementation.
· For any candidate resource in subframe n within the set of Y subframes, the P-UE senses at least subframe n-100*k
· The set of k is (pre)configured with each element in the range [1, 10].

· P-UE sensing behavior is FFS when the short period is supported in the TX pool of the P-UE

· FFS when the P-UE starts sensing
Following the agreements, in this contribution, the remaining details of P-UE partial sensing and resource selection will be discussed.
2. Sensing behavior of P-UE supporting partial sensing
In the previous agreements on P-UE partial sensing, it has been agreed that partial sensing is up to UE capability. For P-UE supporting partial sensing, it is up to (pre-)configuration whether the UE uses partial sensing only, random selection only, or either of the two. However, it is FFS whether there is any case where the P-UE uses random selection if it is instructed to use partial sensing only. Also, it is FFS when the P-UE starts sensing.

If P-UE is instructed to use partial sensing only, according to the agreement on partial sensing, it should sense at least subframes n-100*k for any candidate resource in subframe n within the minimum allowed num. of Y subframes. However, for sensing based resource selection, UE performs sensing before resource selection. If UE cannot predict the exact TTI m when it makes resource selection/reselection decision, the UE should perform sensing such that for any given TTI m there exists at least Y subframes within [m+T1, m+T2] satisfying the requirement of sensing.  This will require P-UE to sense at least Y subframes every T2 ms. Even if T2 takes the maximum value 100, relatively high energy consumption is expected for P-UE to perform partial sensing.
Two kinds of resource (re)selection can be identified for sensing based resource selection based on different triggering mechanism. The first kind of resource reselection is triggered by counter, which is highly predictable from the transmitting UE perspective; while the second kind of resource (re)selection is triggered by new data arrival, resource pool (re)configuration, UE higher layer, variation of higher layer data characteristics, etc., which cannot be predicted from transmitting UE perspective. 
For the first kind of resource reselection (counter based), as the exact TTI m when the UE makes resource (re)selection is predictable, UE can start sensing only 1000ms before the TTI m, and thus the energy consumption due to sensing can be greatly decreased. As the counter value is randomly chosen within [5, 15], 90% of sensing energy consumption are expected to be saved assuming P-UE data transmission interval to be 1s. 
For the second kind of resource (re)selection, as the exact TTI m when the UE makes resource (re)selection is not predictable, UE has to sense at least Y subframes every T2 ms, which can guarantee that at least Y subframes will satisfy sensing requirement for any TTI m. Alternatively, the following UE behaviours with low energy consumption may be possible:
· UE does random resource selection if it cannot find Y subframes within [m+T1, m+T2] which satisfy the sensing requirement; 

Note that the above alternative UE behaviour assumes that P-UE can still perform random selection even if it is configured to use partial sensing only.  

Summarizing the above discussions, there are following possible options for P-UE partial sensing behaviour:
1) P_UE configured to use partial sensing only is not allowed to use random resource selection; 

By this way, P-UE configured to use partial sensing only is assumed to perform sensing at least Y subframes every T2 ms, which guarantees that at least Y subframes satisfying corresponding sensing requirement can be selected for candidate resource for any TTI m. 
2) P-UE configured to use partial sensing only can use random resource selection if it cannot find minimum Y subframes satisfying sensing requirement, and it should perform sensing at least 1 second before the counter triggered predicted resource (re)selection to satisfy partial sensing requirement. 
By this way, P-UE will perform partial sensing based resource selection at least for counter based resource (re)selection, and perform random selection for unpredicted resource (re)selection. Furthermore, the counter value of the random selection should be set to a fixed value e.g. 0 or a random value similar as sensing based resource selection so that partial sensing can be triggered in future resource (re)selection. 
Note that if P-UE configured to use partial sensing only can use random resource selection in exceptional case, it is necessary to define the P-UE sensing behaviour. Otherwise, P-UE sensing and resource (re)selection behaviour would be not predictable at all. P-UE may always use random resource selection by performing wrong partial sensing behaviour, which is not the intention to configure P-UE to perform partial sensing only. 
Based on the above discussion, we propose:

Proposal 1: RAN1 should down-select between the following options:

· Option 1: 
· P-UE (pre)configured to use partial sensing only is not allowed to use random resource selection;
· Option 2: 
· P-UE (pre)configured to use partial sensing only can use random resource selection if it cannot find required minimum num. of subframes satisfying partial sensing requirement
· For counter triggered resource (re)selection, P-UE with partial sensing should perform sensing at least 1s before the (re)selection to satisfy partial sensing requirement; 

For option 2, an example of partial sensing triggering can be seen in figure 1. A counter value X can be used together with data arrival time so partial sensing starts only after the value of the counter is less than or equal to X. The multiplexing of X and reservation period should be larger than or equal to 1 second.
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Figure 1: Example of triggering partial sensing (X = 2, partial sensing is triggered by new data arrival and counter value)

3. Interference management for partial sensing based resource selection 
With partial sensing, pedestrian UE can only select candidate resource in a limited subset of subframes. However, if the interference is unevenly distributed among subframes, and if P-UE happens to select a subset of subframes which are severely interfered, P-UE may not be able to find a suitable candidate resource only within the subset of selecting subframes. If a suitable candidate resource cannot be found, two potential solutions can be considered to solve the problem:

Alt. 1) P-UE uses random resource selection to select a new candidate resource;

Alt. 2) P-UE keeps using the original selected resource.
With either Alt. 1 or Alt. 2, P-UE needs to select a new subset of sensing subframes, and re-triggers the resource (re)selection later with a corresponding new subset of (re)selection subframes. The retriggering may periodically repeat, e.g. every 1 second for partial sensing, until a suitable candidate resource can be found. 
If Alt. 1 is supported for resource reselection, the candidate resource should be selected outside the subset of selecting subframes; If Alt. 2 is supported, resource reselection of P-UE can be triggered before the counter is decreased to 0, and thus P-UE will have several opportunities to select the suitable resource. The details can be FFS.
Proposal 2: If no suitable candidate resource is found in the subset of subframes for partial sensing based resource (re)selection, P-UE should 
· uses random resource selection to select a new resource or use previous selected resource, AND
· re-trigger resource (re)selection with changed subset of subframes for sensing and resource selection
4. Impact of shorter period V2V transmission
In RAN1#86bis meeting, it is already agreed that shorter reservation period transmission for V2V communication is supported:

· Support i as 1/5, 1/2 (Pstep fixed at 100) with resource-pool specific configuration of the set of allowed i

· No change to sensing window and selection window

It is still FFS how the sensing and resource selection will be impacted by supporting shorter period V2V communication. If the sensing results (SA decoding & energy sensing) of subframes with shorter period is used for resource selection, the relationship of sensing subframes and selecting subframes may also change. 

Two potential solutions can be considered:

1) Option 1: Assigning independent resource pools for V2V communications with shorter period and P2V communication;

2) Option 2: P-UE partial sensing considering the existence of shorter period Tx from V-UE;

Option 1 may be simple solution based on implementation and has no standardization impact. However, assigning different V2x resource pools may cause resource fragmentation issue. One simple solution for option 2 is to add some additional denser sensing duration (e.g. 50 or100ms) before P-UE resource reselection. During the duration, denser sensing subframes repetition interval e.g. 20ms, 50ms, etc. is used. Although some options for S-RSSI measurement (i.e. option 1 and 3 in our companion paper [2]) may not need to average with shorter periods, sensing in shorter period may still be needed for SA decoding purpose. 

Ideally the denser sensing duration should be added exactly before the (re)selection is triggered. However, it may be difficult to estimate when the resource (re)selection will be triggered. For simplicity, the additional denser sensing duration can be added after P-UE resource (re)selection is triggered. If so, the data transmission latency of P-UE would be increased. (An example is shown in Figure 2.) 
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Figure 2: Illustration of additional sensing duration triggered by resource (re)selection
Proposal 3: If shorter period V2V communication shares the resource pool with P2V communication, a short duration of sensing subframes with shorter period is triggered by P-UE resource (re)selection.

· The resource reselection is delayed after the short duration
5. Conclusion
In this contribution, the details of P-UE partial sensing and resource selection were discussed, we propose:

Proposal 1: RAN1 should down-select between the following options:

· Option 1: 
· P-UE (pre)configured to use partial sensing only is not allowed to use random resource selection;
· Option 2: 
· P-UE (pre)configured to use partial sensing only can use random resource selection if it cannot find required minimum num. of subframes satisfying partial sensing requirement
· For counter triggered resource (re)selection, P-UE with partial sensing should perform sensing at least 1s before the (re)selection to satisfy partial sensing requirement; 
Proposal 2: If no suitable candidate resource is found in the subset of subframes for partial sensing based resource (re)selection, P-UE should 

· uses random resource selection to select a new resource or use previous selected resource, AND

· re-trigger resource (re)selection with changed subset of subframes for sensing and resource selection
Proposal 3: If shorter period V2V communication shares the resource pool with P2V communication, a short duration of sensing subframes with shorter period is triggered by P-UE resource (re)selection.

· The resource reselection is delayed after the short duration
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