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1. Introduction
In RAN1#86 meeting, the following agreement is made on pedestrian UE autonomous resource selection for P2V communications:

· 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

· If a P-UE uses random selection, it shall only pools in which random selection by P-UEs is permitted

· It is up to network configuration whether a pool in which random selection by P-UEs is permitted overlaps with other pools

· The specification supports the possibility to configure pools in which random selection by P-UEs is not permitted

· The specification supports the possibility for a P-UE to use partial sensing in a subset of subframes

· Details of P-UE partial sensing are FFS

· V2V sensing-based resource selection is the baseline; strive to define P-UE partial sensing-based resource selection to be as similar as possible to V2V sensing-based resource selection

· FFS whether support of partial sensing is mandatory for P-UEs with sidelink Rx capability

· FFS under what conditions a P-UE that supports partial sensing uses partial sensing

· If a P-UE uses partial sensing, 

· details of resource pool FFS

In this contribution, the details on P-UE partial sensing are discussed.

2. Details on partial sensing

Partial sensing where UE senses on limited number of subframes helps to balance the PRR performance and UE battery consumption. The P-UE resource (re)selection based on partial sensing should be based on the current V-UE resource sensing based resource (re)selection mechanism. Necessary enhancement can be considered due to energy saving requirement and limited sensing duration of P-UE.
Proposal 1: Vehicle UE resource (re)selection is reused as the baseline for pedestrian UE resource (re)selection with partial sensing
2.1. Sensing and resource (re)selection
In V2V communication, V-UE should perform sensing in every subframe within [n-1001, n-2] except for those in which its transmissions occur [1], if V-UE selects resource in subframe n. With partial sensing, P-UE should be able to sense in only a subset of subframes compared to V-UE to save the energy consumption. 
Generally speaking, if P-UE does not sense in a subframe, say m, it may miss the SA transmission in the subframe carrying reservation information from other UEs. As the reservation period should be one within the set {P1, P2, … PK}, the potential resource reservation in subframes m+Pk (k= 1,2, 3, …, K) may be missed. (In V2V, Pk = 100*k, and K= 10.) Therefore, to avoid underestimating the interference, the assumption should be that the corresponding resources in subframes m+Pk are occupied by other UEs. UE should preclude or deprioritize selection of theses candidate resources.
On the other hand, if a UE senses in every subframe x-Pk (k = 1, 2,3, …, K), the UE would not miss any decoded SA transmission reserving candidate resource in subframe x. Also more accurate S-RSSI measurement can be made as all potential interference will be counted and averaged. If there is an available resource in subframe x, selecting the resource would be more preferred as UE has good confidence on predicting the interference status in the subframe. 

Therefore, it would be beneficial if a P-UE only selects candidate resource in subframe x if P-UE performs sensing in all subframes x-Pk (k= 1, 2, 3, …, K).
Observation 1: For partial sensing, it would be beneficial if P-UE selects candidate resource in subframe x only if P-UE performs sensing in all subframes x-Pk (k= 1, 2, 3, …, K)
For V2V communication, if V-UE performs resource selection in subframe n, V-UE can select candidate resources in duration [n+T1, n+T2], where T1≦4 and 20≦T2≦100. Following observation 1, the subset of subframes within which P-UE selects candidate resource will determine the subset of subframes whether P-UE needs to perform sensing. If UE performs sensing in less subframes, there will be less candidate resource selection scope. In addition, the subset of subframes that P-UE selects resource should be UE specific to better randomize resource congestion among subframes.
If UE is RRC_CONNECTED, eNB can configure UE specific subset of subframes for sensing. In case when UE is RRC_IDLE, the subset of subframes for sensing can be UE group common and UEs may randomly select the subset of subframes. Therefore, we propose:
Proposal 2: Subset of subframes for partial sensing can be configured by eNB or autonomously selected by UE.
· The subframes for sensing includes all subframes x-Pk (k= 1, 2, 3, …, K), where x denotes a subset of subframes in duration [n+T1, n+T2], n is the subframe UE performs resource (re)selection and Pk is a set of subframe offsets with a certain interval (In V2V, Pk = 100*k, and K= 10.).
For P-UE resource selection, the selection should be performed only within candidate resources in the subframes corresponding to the subset of subframes for partial sensing. Any subframe x in [n+T1, n+T2] should be precluded if P-UE does not sense in subfame x-100*k (k = 1, 2, 3, …, 10). In addition, the total number of the candidate single-subframe resources should be redefined to consider only the subset of subframes that resource selection is allowed to be performed.
Observation 2: For partial sensing, necessary UE behavior for candidate resource exclusion due to skipping sensing is needed.
2.2. Resource pool for partial sensing
With the partial sensing mechanism, single resource pool can be shared between vehicular UEs and pedestrian UEs. Also, if reservation intention is transmitted for eNB SPS resource allocation, both eNB SPS resource allocation and UE autonomous resource allocation can be co-existed in the same resource pool. P-UE partial sensing can not only improve P2V communication performance but also reduce the interference to V2V communications. At least if UE is capable of sidelink reception, UE should perform full or partial sensing for resource selection.

Proposal 3: At least if UE is capable of sidelink reception and resource pool for sensing is configured, UE should perform full or partial sensing for resource selection.
2.3. Background sensing
Background sensing is assumed in Rel-14 V2V communication. The assumption is reasonable as a vehicle UE needs to keep monitoring the sidelink channels to receive V2x SL data transmissions from other UEs. However, for P2V communication, pedestrian UEs may not need to receive V2P messages if only V2P transmission is not enabled. To further save the energy consumption, the sensing duration of pedestrian UE can be further limited only before the resource reselection is triggered.

In Rel-14 V2V, the resource reselection is triggered if the counter number decreases to zero. Therefore, pedestrian UE could predict when the resource reselection will be triggered and start partial sensing 1 second before it. As in current specification the counter is initialized between 5 and 15, the expected additional energy saving gain can be as large as 10 times assuming 1 second reservation period of pedestrian UEs. 
However, without background sensing assumption, P-UE may not be able to perform partial sensing in initial data transmission or if resource reselection is triggered unexpectedly, e.g. for UE changes traffic pattern or resource pool is re-configured. In such as case, P-UE can perform random resource selection in a pool that allows random resource selection.
Proposal 4: RAN1 should decide between the following options for P-UE partial sensing
· Background sensing is assumed;

· Partial sensing is triggered 1 second before counter based resource reselection is triggered;
3. Conclusion
In this contribution, detailed partial sensing based resource selection method is discussed. Based on the discussion and evaluation results above, we made the following observations and proposals:
Observation 1: For partial sensing, it would be beneficial if P-UE selects candidate resource in subframe x only if P-UE performs sensing in all subframes x-Pk (k= 1, 2, 3, …, K)

Observation 2: For partial sensing, necessary UE behavior for candidate resource exclusion due to skipping sensing is needed.
Proposal 1: Vehicle UE resource (re)selection is reused as the baseline for pedestrian UE resource (re)selection with partial sensing
Proposal 2: Subset of subframes for partial sensing can be configured by eNB or autonomously selected by UE.

· The subframes for sensing includes all subframes x-Pk (k= 1, 2, 3, …, K), where x denotes a subset of subframes in duration [n+T1, n+T2], n is the subframe UE performs resource (re)selection and Pk is a set of subframe offsets with a certain interval (In V2V, Pk = 100*k, and K= 10.).
Proposal 3: At least if UE is capable of sidelink reception and resource pool for sensing is configured, UE should perform full or partial sensing for resource selection.
Proposal 4: RAN1 should decide between the following options for P-UE partial sensing

· Background sensing is assumed;

· Partial sensing is triggered 1 second before counter based resource reselection is triggered;
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