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Introduction
In RAN1 #87 meeting, resource selection of pedestrian UEs based on partial sensing was discussed and the following agreements were made:
	Agreements:
· Support of partial sensing is up to UE capability.
Agreement:
· P-UE does not support resource reservation interval shorter than 100 ms.
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


This contribution discusses the remaining details of partial sensing based resource selection in P2V.
Partial sensing behavior
In this section we mainly discuss how selection window (composed of a set of candidate subframes used for traffic transmission) and sensing window should be decided.
· Selection window decision
For the selection window [m+T1, m+T2] when P-UE makes resource (re)selection decision at TTI m, parameters T1and T2 need to be decided. We assume the minimum value of T1 is set to 4, and the maximum allowed value of T2 should meet latency requirement of the traffic. Moreover, if the subframes allocated for Uu transmission/reception are included in the P2V resource pool, the subframes should be regarded as unavailable subframes in [m+T1min, m+T2max]. Then any value set of T1 and T2 in [m+T1min, m+T2max] could become a candidate selection window if [m+T1, m+T2] includes Y available subframes. 
If P-UE has enough information to predict performance of all candidate selection windows, P-UE decides [T1, T2] based on selection window performance, e.g. select among windows with least congestion. Otherwise we suggest the candidate selection window could be decided randomly.
Proposal 1: Latency requirement and Uu resource allocation should be considered for selection window decision. P-UE could decide selection window randomly or based on congestion level of available windows.
· Sensing window decision
The sensing process of vehicle can be regarded as “background sensing” since V-UE keeps monitoring resource pool and received signal of each subframe is buffered. However for the purpose of power saving, only reception of subframes in the partial sensing window should be monitored and buffered for P-UEs using partial sensing. In our opinion, if P-UE makes (re)selection at TTI m, the P-UE should decide the value of T1, T2 and the set of k before start of partial sensing, then set sensing window to [m+T1-100*kmax, m+T2-100*kmin]. P-UE senses all subframes in the sensing window and selects transmission resource in the selection window.
Proposal 2: When P-UE makes (re)selection at TTI m, P-UE decides T1, T2 and the set of k and set the sensing window to [m+T1-100*kmax, m+T2-100*kmin] .
Conditions for partial sensing
If both random selection and partial sensing are supported by P-UE and configured as allowed in the P2V resource pool, P-UE should decide when partial sensing is used, and when should stop sensing and use random selection. In this section we discuss the following cases:
· Insufficient sensing information
If P-UE makes (re)selection at TTI m but cannot collect sensing results of all subframes in the sensing window, P-UE could select transmission resource based on current insufficient sensing information, or could use random selection until enough sensing information for another reselection opportunity is collected. This case mainly happens when P-UE starts transmission/reception in a newly (pre-)configured resource pool.
· Congestion level 
Partial sensing is used to decide a resource unit with relatively low collision probability, thus mainly makes sense for busy resource pool. Based on current simulation results, when the congestion level of a resource pool is low, the PRR performance gain of partial sensing compared with random selection is weak. Therefore P-UEs could switch to use random selection when the congestion level of the resource pool or of the set of candidate subframes referred as selection window is lower than a certain threshold.
Otherwise if the congestion level is higher than a certain threshold, which means finding a candidate resource without collision in the selection window is hard, the performance of partial sensing is probably bad. In this case P-UEs could also use random selection to reduce power consumption. If P-UE keeps sensing, enlarging selection window length Y or a full sensing should be considered as trade-off between power consumption and performance, and prioritization of P2V over V2V should also be introduced to protect P-UE transmission reliability.
The behavior of P-UE with random selection is not decided. If P-UE selects transmission resource for each TB randomly, then the number of UEs using random selection in a resource pool also affects the performance of P-UE partial sensing, since the occupied resource of UEs with random selection is unpredicted and the sensing result becomes inaccurate. Therefore if many UEs in a resource pool use random selection, P-UE should decide to use random selection either. Currently it is hard to measure the number of UEs with random selection, and we consider one possible option is to make estimation based on detected transmission without resource reservation.
· Insufficient candidate resources in sensing step 3
If sensing mechanism is reused for P-UE partial sensing, in step 2 P-UE excludes resource in the selection window based on detected reservation, and the remaining resources are candidate resources in step 3. If the number of candidate resources in step 3 is lower than given threshold, based on current sensing mechanism P-UE should increase exclusion RSRP threshold in step 2 to acquire enough candidate resources in step 3. This is a reasonable solution and we also consider if the RSRP threshold in step 2 is increased significantly, then random selection could be a simple alternative without obvious performance degradation.
Proposal 3: If both partial sensing and random selection are supported by P-UE and by resource pool configuration, P-UE could decide to use random selection instead of partial sensing under any of the following conditions: insufficient sensing information, extremely low or high congestion level, lack of candidate resource in sensing step 3.
Priority between P2V and V2V messages
As discussed in Section 3, in a busy resource pool if V2V and P2V are both supported, prioritization of P2V messages is a possible solution to protect P2V transmission performance. V-UE should try to avoid use resources occupied by P-UEs otherwise P2V reception of other UEs are impacted and due to half duplex the V-UE cannot receive corresponding P2V transmission.
Prioritization can be achieved by using different thresholds in the (partial) sensing process of V-UEs and P-UEs. A UE decides the exclusion threshold used in sensing step 2 based on whether the UE is vehicle or pedestrian. Another option is that V-UEs exclude resources based on higher layer priority indicated in received messages. In sensing step 2, the exclusion threshold of high priority messages could be lower.
To exclude resource occupied by P-UE with random selection is hard. Therefore in sensing step 2 we only suggest using priority-based resource exclusion for received P2V messages with resource reservation.
Proposal 4: Different thresholds in sensing step 2 could be introduced to achieve prioritization between sensing-based P2V and V2V transmissions. 
Short period measurement
If short period transmission of V-UE is supported in the transmission resource pool of P-UEs, we think the impact on P-UEs is similar to the impact on V-UEs with regular >=100ms transmission period, therefore the modification of V-UEs with >=100ms period when short period transmission is introduced should also be reused for P-UEs. 
With agreements in last meetings, when P-UE makes reselection, the P-UE scales the number of received reservations by 1/i when 0<i<1. Since short period reservation is not supported by P-UEs, the scale factor of reselection counter is unnecessary. For S-RSSI measurement, since the 1000ms transmission period of P-UE is far larger than potential received <100ms shorter reservation periods, we propose to keep using 100ms as S-RSSI measurement interval for P-UEs.
Proposal 5: When short period V2V transmission is supported in the resource pool of P-UEs, modification of V-UEs with 100ms period could be reused for P-UEs, including: P-UEs scales the number of reservations of other UEs in sensing window by 1/i; reselection counter is not scaled for P-UEs; the S-RSSI measurement interval of P-UEs is 100ms.
Conclusions
In the contribution we discuss some detail of P-UE resource selection based on partial sensing with the following proposals:
Proposal 1: Latency requirement and Uu resource allocation should be considered for selection window decision. P-UE could decide selection window randomly or based on congestion level of available windows.
Proposal 2: When P-UE makes (re)selection at TTI m, P-UE decides T1, T2 and the set of k and set the sensing window to [m+T1-100*kmax, m+T2-100*kmin] .
Proposal 3: If both partial sensing and random selection are supported by P-UE and by resource pool configuration, P-UE could decide to use random selection instead of partial sensing under any of the following conditions: insufficient sensing information, extremely low or high congestion level, lack of candidate resource in sensing step 3.
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