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Introduction
The V2P (vehicle-to-pedestrian) is commonly used to denote communications between UEs mounted on vehicles and handheld UEs (pedestrians, cyclists, etc.). Handheld UEs are subject to additional constraints (e.g., energy efficiency, UE complexity, etc.) when compared to UEs mounted on vehicles. V2P has been discussed within the V2X Work Item and specifically at RAN1#86 extensive discussion took place on resource management and resource selection for pedestrian UEs (P-UEs). 
The document, together with [8], aims at proposing a way forward on the open items from the RAN1#86 discussions, see [1]. In this document, aspects relating to partial sensing are treated.
	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
· 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



Partial sensing
Background
The concept of sensing was introduced in the 3GPP specifications in the V2V work. Sensing implies (currently) that a Vehicular UE (V‑UE) predicts the resource allocation before transmitting in the sidelink to avoid collision with other V-UEs accessing the same resources. The sensing for a V-UE is continuous, i.e. all subframes are monitored prior to transmission to minimize the collision risk. Energy consumption is not of priorty for vehicle mounted UEs and instead minimization of collision probability is of primary concern.
For a pedestrian UE (P-UE) the energy consumption has been shown to significantly increase compared to a UE, not designated for V2P usage. The main reason for this is the continuous use of GPS to determine the UE position (and synchronization reference), see e.g. [2]. In the analytical calculation an increase in the energy consumption of roughly 6x was observed. Hence, energy efficient operation is of importance for P-UE. 
Compared to a random resource selection by the P-UE (which will be supported in V2P as agreed by RAN1#86, see above), a sensing activity would increase the energy consumption further, with the benefit of a potential increase in Packet Reception Ratio (PRR), as shown in for example [3]. To keep the increase in energy consumption at reasonable levels, partial sensing (i.e. sensing in limited time periods) is considered. 
RAN1 has agreed to keep the sensing mechanism for V2P as similar to V2V as possible (see above) and below is a recap of the that mechanism:
-	Continuous sensing is used
-	Sensing is performed 1 s prior to transmission
-	Both SCI decoding and energy measurements are used to predict resource usage
Since the SCI can book intended transmissions at most 1 second in advance, the V-UE can get a full picture of the resource booking (provided that SCI is successfully decoded) for the coming second, after 1 second of sensing. The booking is performed with a granularity of 100 ms. Hence, in the SCI in subframe N, only 10 different subframes can be booked: (N+100, N+200, …, N+1000).


Figure 1: Sensing in V2V (sensing: top; resource reservation: bottom)
The sensing is shown in figure 1 where the sensing is performed during one second (top), to construct the resource map (bottom). For example, the red SCI in frame 200 reserves resources 900 ms in advance (red data in frame 100 in the bottom).
Resource selection for V2P
For V2P it is proposed that the sensing is performed periodically according to the booking granularity, i.e. 100 ms, and that the sensing duration is aligned with V2V, i.e. 1 s. This ensures that (as long as the SCI is decoded) the P-UE will have full knowledge of the resource booking in its selected sensing resource subset.
Observation 1: If partial sensing is performed periodically with a period of 100 ms, the UE would have full knowledge of resource booking on the set of resources periodically monitored
Proposal 1: Partial sensing is performed with a duration of 1 s
If multiple P-UEs would sense the same sub-set of resources, there is a clear risk of collision. However, when the sensing starts is not expected to be correlated between different P-UEs, and hence it is the view of the sourcing company that this can be left up to implementation (which would provide a targeted uniform collision probability).
 Proposal 2: When to start partial sensing is left up to P-UE implementation
As already mentioned, there is a clear dependency between P-UE energy consumption and monitoring time when sensing. Hence, there is a clear incentive for the UE implementation to perform the sensing as energy efficient as possible. 
As has already been shown in previous evaluations, see for example [3], there is a dependency between the improved PRR due to sensing, and network load, with larger gains seen at higher loads. Hence, a flexible P-UE implementation should be allowed where typically minimum sensing is performed during low resource utilization and where an increased level of sensing is used at higher utilization levels.
Observation 2: There is a dependency between the improvement in PRR due to sensing, and network load, with larger gains seen at higher loads
At low resource utilization it could be sufficient to monitor 1 subframe in each sensing period, i.e. in total 10 subframes per second. Alternatively, a minimum window could be specified for the UE to monitor. This is left FFS. 
Assuming a 10 subframe monitoring results in an energy consumption increase of around 10% (see Annex) compared to random resource allocation, while for example in a more highly loaded scenario, e.g. 30 subframes per second can be monitored, with a corresponding energy consumption increase of 33% (see Annex). Since the energy consumption greatly depends on the time spent on sensing, it is important to allow for a UE controlled sensing that can quickly adapt to the current network situation. 
Proposal 3: To which extent sensing is performed is left up to P-UE implementation
It should be noted that this does not preclude the UE to change the amount of sensing at any given time, for example increasing the time spent on sensing when the SCI indicate a high level of resource booking. The following simple rules shall however apply: If a partially sensing P-UE intends to transmit in subframe N, it shall have sensed subframe N-100k, where k={1-10}. These 10 subframes are the only possible subframes of resource booking that can impact subframe N, due to the limited booking granularity of 100 ms, and hence the P-UE would have a full understanding of the resource booking for that specific subframe.
Proposal 4: If a partially sensing P-UE intends to transmit in subframe N, it shall have sensed subframe N-M*k, where M is the minimum allowed resource reservation period, k is a positive integer, and M*k≤1000.
This procedure is exactly following the sensing for V2V, with the difference that for V2V N can take any integet value. For P2V N will be limited (depending on UE sensing implementation).
Figure 2 shows the principle by extending figure 1 to a P-UE that senses subframes 0,100,…,900.


Figure 2: Proposed sensing in P2V (P2V below arrows)
Support of partial sensing
From the agreements made at RAN1#86 a P-UE shall perform random resource selection in case partial sensing is not used. In this case it shall only transmit in a resource pool where random resource selection is permitted.
It is still not decided whether a P-UE with sidelink receiving capability is required to support partial sensing, and, if supported, when it is activated.
Considering the potentially large impact to UE energy consumption by partial sensing it is the sourcing company has proposed that the use of partial sensing or not shall be under P-UE control, see [8]. 
If this proposal is adopted it naturally follows that mandatory support for partial sensing for a P-UE that supports sidelink reception is not required (it could choose not to activate it as per proposal in [8]). Hence, on the open issue from RAN1#86 (see above) it is proposed that:
Proposal 5: The support of partial sensing for P-UEs with sidelink Rx capability is optional
Transmission modes
Two different sidelink transmission modes were introduced in Rel-12 for the ProSe feature, see [6]. The transmission modes can be shortly described as:
-	Sidelink transmission mode 1: The network schedules the resource allocation on the sidelink
-	Sidelink transmission mode 2: The UE selects resources based on network configuration or pre-configuration
Each sidelink resource configuration (configured by higher layer) is associated with a transmission mode.
For the V2V work in Rel-14 it has been agreed to introduce two additional transmission modes 3 and 4 that mirrors transmission mode 1 and 2, but where enhancements have also been made to accommodate V2X use cases. One important difference is the mapping of the demodulation reference symbols that are more densely transmitted to support a higher velocity (with potentially vehicles moving in the opposite direction, leading to a large Doppler shift). Also, the overall channel mapping is different, and the multiplexing with other services, where for example mode 1 and mode 2 use a resource pattern in time where multiplexing with non-sidelink transmission is possible.
In sidelink transmission mode 4, where the V-UE selects resources, a sensing functionality is also required (see above) where the UE continuously monitor the resources for 1 s to detect resource booking from other devices. As has been shown above, the partial sensing (considered for P-UEs) proposed by Proposal 4 follows the sensing used by V-UE, with the only restriction that the sensing is not continuous during the 1 s period. Hence, at a given subframe where the P-UE intends transmission, the collision rate will be identical to a V-UE that has performed continuous sensing and intends to transmit on the same resources. Hence, it is proposed that partial sensing is included in sidelink transmission mode 4 and higher layer signalling will determine whether a UE is allocated sidelink transmission mode 4 or not, based on the UE capability. 
Proposal 6: Sidelink transmission mode 4 supports both continuous and partial sensing. The type of sensing used in transmission mode 4 is up to UE capability
Conclusions
Based on the discussion in this paper
…the following is observed:
Observation 1: If partial sensing is performed periodically with a period of 100 ms, the UE would have full knowledge of resource booking on the set of resources periodically monitored
Observation 2: There is a dependency between the improvement in PRR due to sensing, and network load, with larger gains seen at higher loads
…the following is proposed:
Proposal 1: Partial sensing is performed with a duration of 1 s
Proposal 2: When to start partial sensing is left up to P-UE implementation
Proposal 3: To which extent partial sensing is performed is left up to P-UE implementation
Proposal 4: If a partially sensing P-UE intends to transmit in subframe N, it shall have sensed subframe N-M*k, where M is the minimum allowed resource reservation period, k is a positive integer, and M*k≤1000
Proposal 5: The support of partial sensing for P-UEs with sidelink Rx capability is optional
Proposal 6: Sidelink transmission mode 4 supports both continuous and partial sensing. The type of sensing used in transmission mode 4 is up to UE capability
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Annex (Energy consumption calculations)
Model from [5]





(23 dBm output power)
For simplicity, it is assumed in the calculations below that energy consumption due to the UE being in light sleep applies to each subframe.
Baseline UE (see [4])

P2V without sensing

P2V with 10 ms sensing per 1000 ms

P2V with 30 ms sensing per 1000 ms








Microsoft_Visio_Drawing1.vsdx
SCI
D a t a
SCI
D a t a
…
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
…
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
…
0
1
…
100
101
200
201
202
…
300
301
302
303
304
400
401
500
501
502
600
601
700
701
800
801
802
900
901
902
998
999
SCI
D a t a
SCI
D a t a
…
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
…
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
…
0
1
…
100
101
200
201
202
…
300
301
302
303
304
400
401
500
501
502
600
601
700
701
800
801
802
900
901
902
998
999
…
…
…
…
…
…
…
…
SCI
D a t a
503
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
0
100
200
300
400
500
600
700
800
900
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
0
100
200
300
400
500
600
700
800
900



image1.emf
SCI

D

a

t

a

SCI

D

a

t

a

…

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

1 sec.

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

…

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

…

0  1

…

100 101 200 201 202

…

300 301 302 303 304 400 401

500 501

502 600 601 700 701 800 801 802 900 901 902 998 999

SCI

D

a

t

a

SCI

D

a

t

a

…

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

1 sec.

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

…

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

…

0  1

…

100 101 200 201 202

…

300 301 302 303 304 400 401

500 501

502 600 601 700 701 800 801 802

900 901

902

998

999

… … …

… … … … …

SCI

D

a

t

a

503


Microsoft_Visio_Drawing.vsdx
SCI
D a t a
SCI
D a t a
…
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
1 sec.
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
…
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
…
0
1
…
100
101
200
201
202
…
300
301
302
303
304
400
401
500
501
502
600
601
700
701
800
801
802
900
901
902
998
999
SCI
D a t a
SCI
D a t a
…
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
1 sec.
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
…
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
SCI
D a t a
…
0
1
…
100
101
200
201
202
…
300
301
302
303
304
400
401
500
501
502
600
601
700
701
800
801
802
900
901
902
998
999
…
…
…
…
…
…
…
…
SCI
D a t a
503



image2.emf
SCI

D

a

t

a

SCI

D

a

t

a

…

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

…

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

…

0  1

…

100 101 200 201 202

…

300 301 302 303 304 400 401

500 501

502 600 601 700 701 800 801 802 900 901 902 998 999

SCI

D

a

t

a

SCI

D

a

t

a

…

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

…

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

…

0  1

…

100 101 200 201 202

…

300 301 302 303 304 400 401

500 501

502 600 601 700 701 800 801 802 900 901 902 998 999

… … …

… … … … …

SCI

D

a

t

a

503

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

0 

100 200 300 400 500 600 700 800 900

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

SCI

D

a

t

a

0 

100 200 300 400

500

600 700 800 900


