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1. Introduction
In RAN1 #86 and #86bis meeting, resource selection with partial sensing by pedestrian UEs was discussed with the following agreements:
Agreement:
· 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
Agreement:
· 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:
This contribution discusses resource subset configuration and resource selection for partial sensing process of pedestrian UEs. Configuration of subframe subsets for partial sensing and for resource selection by P-UEs is discussed in Section 2. In Section 3, the subset selection strategy and switching mechanism among subsets as well as between partial sensing and random selection are considered.
2. Determination of subsets in partial sensing process
For P-UE partial sensing, it could be assumed in a resource pool there are subframe subsets referred as resource candidate subset in which P-UE selects resource for P2X transmission, and also subframe subsets referred as partial sensing subset in which P-UEs perform partial sensing. Similarly to V-UE sensing, the partial sensing window should be decided depending on selected subframe in which UE intends to transmit messages. Therefore the resource candidate subsets should be decided at first, and decision of partial sensing subsets should be based on configuration of corresponding resource candidate subset.
In our opinion, configuration of resource candidate subset could be:
· eNodeB configuration: information of resource candidate subsets for a given P-UE or for all P-UEs in a resource pool are decided by eNodeB. Subset information is indicated in resource pool configuration or is configured by sending specific RRC message to P-UE. If the configuration is UE-specific, eNodeB could generate a subset with least collision probability. Otherwise if the configuration is pool-specific, the scheduling overhead of subset configuration is reduced.
· Pre-configuration: the resource pool is divided into multiple subsets with fixed mapping mechanism. For example, resource candidate subsets in a resource pool can be contiguous K1 subframes occurring every K2 subframes (K1, K2 are pre-configured resource-pool-specific values) and each subset has different starting subframe.
· Generated by P-UE: for a P-UE if no resource candidate subset is configured, or the congestion level of current resource candidate subset is higher than threshold, P-UE could decide a new resource candidate subset.
· Option 1: Decide resource candidate subset based on full sensing result. The P-UE could perform full sensing process in the resource pool (reusing sensing process of V-UE) and then select a subset of subframes with lowest congestion level in the pool as transmission candidate subset.
· Option 2: Decide resource candidate subset randomly. This option can be used when the UE density or congestion level in the full resource pool is low to reduce power consumption and complexity.
Configuration of partial sensing subset could be determined based on configuration of the associated resource candidate subset. For example, when subframe x is included in the resource candidate subset, subframes x-M (M is a set of resource reservation period values) are in the corresponding partial sensing subset. The overall partial sensing subset is the combination of associated partial sensing subframes of all subframes in the resource candidate subset. The mapping mechanism between partial sensing subset and resource candidate subset should be fixed in specification.
Information of partial sensing subset can be configured by eNodeB if resource candidate subset is eNodeB-configured, or can be decided by P-UE based on received configuration of resource candidate subset. The latter option is preferred to reduce overhead.
Proposal 1: The subset of subframes for the candidates of resource selection in a resource pool could be configured by eNodeB, or pre-configured, or decided by P-UE randomly or based on full sensing result. 
Proposal 2: The subset of subframes in which UE performs sensing should be decided depending on configuration of associated resource selection candidate subset.
Since P-UE selects resource in a subframe in the candidate subset, the location of subframes contained in the subset will directly affect traffic latency. An extreme case is shown in Figure 1 that all subframes in a resource selection candidate subset are contiguous starting from subframe n-m to subframe n (in every resource period which could be UE/traffic-specific or pool-specific), then if in subframe n+1 a P-UE generates one message to transmit, the P-UE needs to wait for available resource until next resource period. Therefore subframes of a resource selection subset are suggested to be distributed in the full resource pool in time domain.




Figure 1 Traffic latency affected by subset configuration
Proposal 3: Subframes of a resource selection subset should be distributed in the full resource pool in time domain for the purpose of latency reduction.
3. Subset selection and adaptive partial sensing
When subframes in a resource candidate subset are used by large number of UEs for transmission, the subset will have high congestion level and result in performance deterioration. The deterioration particularly needs to be handled when configuration of candidate subsets are common for P-UEs (such as pool-specific subset configuration) due to the possibility of multiple P-UEs using identical candidate subset. 
One possible solution is that if multiple resource candidate subsets are supported in a resource pool, partial sensing P-UEs in the pool could select different subsets as possible. Random subset selection and selection based on UE-specific parameters e.g. UE identity or geo-information could be introduced. Figure 2 is an example of geo-based resource candidate subset selection that adjacent UEs choose different resource candidate subsets and a subset is multiplexed by UEs located in different street. 
Furthermore, P-UE should select resource candidate subsets with least collision probability if detection of all resource subsets is supported. 


		
Figure 2 Resource subset selection based on geo-information
Proposal 4: For P-UE partial sensing, when multiple resource candidate subsets are configured for selection, P-UEs could select subset randomly, or based on UE identity/geo information, or based on subset congestion level detection.
When the congestion level of a subset is high, P-UEs using this subset could decide whether to introduce extra mechanism to attenuate potential collision. Possible options include:
· Switch to another subset with lower congestion level; similarly to resource reselection triggered by high RSRP, switch decided by probability x% can be used.
· Extend range of subframes in the subset; more subframes are added to the subset to reduce average congestion level of the subset. Another solution is that a subset can be configured with different levels of subframe number, when congestion level is higher than threshold, a higher level of subframe number is used for the subset.
· Select more subsets; when congestion level is higher than threshold, a new subset could be selected in addition to current selected subset(s) until the average congestion level is low enough.
The options above can be used both for partial sensing subset and for resource candidate subset since the congestion level of resource candidate subset is actually reflected by the measurement result of corresponding partial sensing subset.
Proposal 5: With high congestion level of a subset detected, extra collision avoidance mechanisms including switching to another subset, enlarging subframe number of current subset and selecting more subsets can be discussed. The mechanisms can be used for both resource candidate subset and partial sensing subset.
For the purpose of reducing power consumption, we suggest that P-UEs could switch between random selection and partial sensing. When low collision probability based on V/P-UE density or congestion level is detected, the performance gain between partial sensing and random selection is slightly and random selection will be a better choice. With high collision probability, partial sensing for P-UEs should be selected for collision avoidance.
On the other hand, the reliability and sufficiency of resource occupation information acquired in partial sensing process is limited. Therefore partial sensing with adaptive parameters could be discussed. For example, when a P-UE detects high collision probability in available resources, the P-UE could consider collision avoidance mentioned in Proposal 5. Otherwise if a P-UE detects vehicles sparsely distributed or detects itself far away from road, the P-UE could reduce partial sensing range or use random selection instead. 
Besides, for the P-UE other adaptive behaviours such as increasing transmission/reception interval or reducing transmission power could be further discussed.
Proposal 6: Random selection under low V/P-UE density should be used instead of partial sensing. Adaptive behaviours in partial sensing could be further discussed.

4. Conclusion
In this contribution, configuration and selection of subframe subsets used for partial sensing and used as resource selection candidates are discussed with the following proposals:
Proposal 1: The subset of subframes for the candidates of resource selection in a resource pool could be configured by eNodeB, or pre-configured, or decided by P-UE randomly or based on full sensing result. 
Proposal 2: The subset of subframes in which UE performs sensing should be decided depending on configuration of associated resource selection candidate subset.
Proposal 3: Subframes of a resource selection subset should be distributed in the full resource pool in time domain for the purpose of latency reduction.
Proposal 4: For P-UE partial sensing, when multiple resource candidate subsets are configured for selection, P-UEs could select subset randomly, or based on UE identity/geo information, or based on subset congestion level detection.
Proposal 5: With high congestion level of a subset detected, extra collision avoidance mechanisms including switching to another subset, adding subframe number of current subset and selecting more subsets can be discussed. The mechanisms can be used for both resource candidate subset and partial sensing subset.
Proposal 6: Random selection under low V/P-UE density should be used instead of partial sensing. Adaptive behaviours in partial sensing could be further discussed.
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