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1. Introduction
In RAN#72 meeting, a new WI “LTE-based V2X Services” was approved. One of the objectives is “Random resource selection for P-UEs potentially on the PC5 resource pool shared with V-UE transmissions, with additional study on sensing operation during a limited time for P-UEs” [1]‎. In RAN1#86 further agreements on partial sensing for P-UE were achieved as below:

	Agreement:
· 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 we present our view on details of P-UE partial sensing.
2. Discussion
Before going to discuss the partial sensing and all of its tradeoffs we want to note that the main purpose of the partial sensing for the P-UE is to reduce its power consumption. However, if the sensing duration is extremely reduced, the system performance may degrade. Therefore, the tradeoff of PRR reduction vs. power consumption reduction should be discussed.
There are several options of how the P-UE should perform the partial sensing. One simple solution, which dramatically reduces the power consumption of the UE, would be: sensing over a set of subframes for duration of T ms (e.g., T=10) which are 100ms before the target window on which the transmission should occur. This allows the P-UE to reduce the power consumed by sensing operation by factor of 1000/T relative to the full sensing operation. However, this sensing allows the P-UE to only avoid selecting resources which are reserved by transmission with 100ms periodicity. The P-UE will not be able to detect any reserved resource with higher periodicity, i.e. 200-1000ms which could share the same target window as the P-UE, and the PRR performance will degrade. This leads to the observation that if we let the UE chooses, w/o any guidance, on which set of subframes it should perform sensing, the PRR can degraded.
Proposal #1: The selection of sensing subframes cannot be fully left to UE implementation.
Furthermore, in RAN1#86 some companies proposed a partial sensing method which enable sensing of all periodicities and also enables some power reduction of the P-UE [2][3]. In this method, the P-UE senses the same subset of resources (e.g., 10ms) in a periodic manner (e.g., every 100ms) over 1s. The only drawback is that resource selection is limited to the sensed resources (target window is shortened to 10ms instead of 100ms as in full sensing, which we will see in the sequel that has minor effect on PRR performance). The advantage however is that power consumption is lowered to 10% relative to full sensing.
We believe that if power consumption is the main criteria of this WI objective, then 10% power consumption relative to full sensing is not enough. In the two sections below, we provide two methods on partial sensing: (1) assisted-sensing to get an extended view of the pool occupation with very limited sensing, and (2) partial sensing over a selected set of sensing windows. Compared to full sensing, assisted-sensing achieves a power consumption of 1% with even higher PRR, while partial sensing with selected set of windows achieves a power consumption of 5% with negligible PRR degradation.
3. Assisted sensing
It was agreed in RAN1#86 to strive to define P-UE partial sensing-based resource selection to be as similar as possible to V2V sensing-based resource selection. However, we would like to discuss the possibility of assisted sensing, in which V-UEs indicate to P-UEs on most likely available resources in their proximity, for the P-UEs to select. With a very limited sensing duration, the P-UEs get wider view on the occupancy of the pool resources as observed by the V-UEs that are performing full sensing. The assisted data can be signaled by V-UEs through PSCCH and/or PSSCH. 
Sensing is based on SA decoding and energy measurements while assisted sensing is also based on data decoding. Although assisted-sensing introduces more standard work, in term of PRR and power consumption it is better when compared to full/partial sensing, as shown in the sequel.
Full sensing timeline is described in Figure 1a where the proposed assisted sensing timeline is described by figure 1c. 
[image: P2V Diagram (2)]
[bookmark: _Ref462314839]Figure 1: Sensing timeline (a) full sensing (b) partial sensing with 10ms target window and 10 sensing window (c) assisted sensing with 100ms target window
Simulation results for Urban case with vehicular speed of 60km/h are given in Figure 2.
[image: ]
[bookmark: _Ref462315721]Figure 2: random selection without sensing, partial sensing for 10ms every 100ms for 1000ms, full sensing for reference and assisted sensing for 10ms; (a) P2V performance; (b) V2V performance.
It can be seen that the PRR for assisted sensing is higher than full-sensing. The main reason for that is hidden in the antenna gain of the V-UEs which is higher by 3dB relative to the antenna gain of the P-UEs. As a result, the reception performance of V-UEs is superior to the P-UEs and therefore, the assisted information delivered by a V-UE consists of better sensing information.
Proposal #2: RAN1 should consider standard effort to enable assisted sensing of P-UEs.
[bookmark: _Ref461371940]Windows selection based partial sensing
The simulation assumptions states that the transmission periodicity of the P-UE is 1s. We observe that not all transmission periodicities of [100,200…1000] ms are of equal importance for the P-UE sensing operation. For example, if a resource used by V-UE with periodicity of 700ms collides with a resource used by the P-UE, this collision will only re-occur every 7sec (on every 7th transmission of the P-UE it will collide again with the transmission of that V-UE). On the other hand, if a resource used by V-UE with periodicity of 500ms collides with the P-UE, then this collision will re-occur every 1sec (on every transmission of the P-UE it will collide again with the transmission of that V-UE). Therefore we can conclude that e.g. 500ms periodicity is “more important” than the 700ms when considering resource collisions. Based on this observation, we can define a “Hit cycle” for each periodicity as the number of P-UE transmission cycles that need to occur in order to have a single (potentially) collision with transmission of that periodicity, as
[image: ]
where p is the periodicity in ms and
[image: ]
The hit cycles for each periodicity are summarized in the table below:
	TX periodicity (ms)
	1000
	900
	800
	700
	600
	500
	400
	300
	200
	100

	Hit cycles
	1
	9
	4
	7
	3
	1
	2
	3
	1
	1


It can be observed that a candidate resource which potentially collides with transmissions with periodicities of e.g. 900 or 700ms, has lower “cost” than a candidate resource which potentially collides with transmissions with periodicity of e.g. 100ms. 
As mentioned, when the P-UE senses the same subset (e.g., 10ms) in a periodic manner (e.g., every 100ms) for a 1s period, it eliminates all collisions that may occur with the target transmission. However, this gives a limited power reduction for the sensing operation.
[image: ]
Additional power reduction could be achieved by disabling the sensing operation on some of the windows e.g., 900 and 700ms windows. Since the hit cycles of these windows are much higher relative to the all other transmission periodicities, the PRR performance degradation should be negligible. This is illustrated in the figure below:
[image: ]
In addition, it was agreed that the reservation indication is valid only for a single future transmission; however, as long as resource reselection is not triggered and the UE’s Tx buffer is not empty, the UE is expected to use the same resource. The main trigger for resource reselection is a randomly generated counter, which counts between 5 and 15 TBs before resource reselection is triggered. Therefore, we think that for the steady state scenario, the resources reserved by the UEs will, practically, be used for more than a single reservation period and therefore the sensing operation can be further reduced. For example, if a UE transmission periodicity is 200ms, then sensing this transmission on 200ms window and 400ms window will practically provide the same information on potential collision unless resource reselection was triggered during the period between the two sensing windows, which is less probable due to the short period between them. However, sensing on 1000ms window cannot imply much information on potential collision when the transmission periodicity is 100ms since a resource reselection for the sensed UE is highly to occur during 1000ms period. This is highlighted in the figure below: 
[image: cid:image002.png@01D2174A.7C64DF50]
Less sensing windows equals to less power consumption on UE side. We think that even if the sensing is not optimal, i.e. doesn’t cover all periodicities, but the PRR is maintained on reasonable level then, for the sake of power consumption reduction, it should be considered. We note that if we use N windows set (N<=10), then the power reduction relative to the 10 sensing windows set is expressed as:
[image: ]
We provide simulation results where P-UE performs partial sensing on the windows 1000,800,600,400 and 200ms (i.e. N=5), where each window is 10ms, as shown in image below:
[image: ]
The simulation results in the figure below shows that even if the P-UE is required to perform partial sensing on 5 windows set as shown above, the PRR performance degradation is negligible (if any) relative to the trivial 10 windows set as proposed in [1] and [2]. 
[image: cid:image001.png@01D2174C.A18D21A0]
In addition, it is important that some flexibility will be kept on the UE side in order to have an option to delay/precede the transmission. i.e., delay/precede the target window to a certain point which fits the UE implementation but doesn’t exceed the latency requirements.
Based on the results, we propose:
Proposal #3: 
If the arrival time of a TB is at subframe n and the UE is required to perform partial sensing,  the UE should perform sensing on set of subframes as defined:
SensedSFs = n-J*100+K+B
K = [1,2,3...T], T is FFS (our preference T=10)
J = {2,4,6,8,10}
B is an offset and is up to UE implementation, but should be limited to meet latency requirements


4. Conclusions 
In this contribution we provide two partial-sensing methods, which can significantly reduce the power consumption of the P-UE. We propose:
Proposal #1: The selection of sensing subframes cannot be fully left to UE implementation.
Proposal #2: RAN1 should consider standard effort to enable assisted sensing of P-UEs.
Proposal #3:
If the arrival time of a TB is at subframe n and the UE is required to perform partial sensing,  the UE should perform sensing on set of sub-frames as defined:
SensedSFs = n-J*100+K+B
K = [1,2,3...T], T is FFS (our preference T=10)
J = {2,4,6,8,10}
B is an offset and is up to UE implementation, but should be limited to meet latency requirements
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