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1. Introduction
In RAN1#86 meeting [1], 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

Furthermore, in RAN1#86bis meeting [2], the following agreement in made.

· 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:
Following the agreements, in this contribution, the details of different design options on P-UE partial sensing and resource selection will be discussed.
2. Relationship between sensing and resource selection
Before discussing on the subset of subframes in which UE sensing (i.e. sensing subframes for abbreviation), and the subset of subframes in which candidate resource can be selected (i.e. selecting subframes for abbreviation), it would be beneficial and important to first clarify the relationship between them. The sensing should be served for the resource selection purpose. To save the pedestrian UE energy consumption, any additional sensing which cannot contribute to the candidate resource selection should be cancelled.
Observation 1: For P-UE partial sensing, any additional sensing which cannot contribute to the candidate resource selection should be cancelled

In Rel-14 V2V communication, the relationship between sensing subframes and selecting subframes is determined by candidate resource preclusion and ranking procedures. A candidate resource will be precluded if it is directly reserved by any decoded SA and S-RSRP measurement on the associated data resource is beyond the threshold. As the reservation period is restricted by carrier-specific network (pre)configuration, the sensing subframes related to a given selecting subframe will be determined by the set of (pre)configured reservation period. On the other hand, for candidate resource ranking, the measurement will be averaged over 100ms period in the sensing window. Therefore, the sensing subframes related to a given selecting subframe are also subframes which are 100*k (k= 1, 2, … 10) ahead of the selecting subframe. 
If the relationship between sensing and selecting subframes for vehicle UE is reused for pedestrian UE, pedestrian UE can fully reuse the resource (re)selection procedures of vehicle UE. However, there are also proposals to further cancel some related sensing subframes to save the energy consumption of pedestrian UE but sacrificing some PRR performance. If a sensing subframe is cancelled, the potential candidate resource exclusion due to SA decoding in the cancelled subframe will be ignored, and the RSSI measurement in the cancelled subframe will not be counted in candidate resource ranking.
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Figure 1: Illustration of cancelling sensing subframes 

In Figure 1, the example of cancelling 0% sensing subframes (100ms sensing interval), 50% of sensing subframes (200ms sensing interval), and 90% of sensing subframes (1000ms sensing interval) are shown. In the beginning 100 ms duration in the sensing window, random K subframes are selected for sensing. The PRR performance of the three options are also shown in Figure 2 (with the detailed evaluation assumption shown in appendix). Here, K=10 is assumed in the simulation. It can be observed that the PRR performance difference due to cancelling sensing subframes is marginal, while the benefit of energy saving can be significant e.g. 2 times for cancelling 50% of subframes, and 10 times for cancelling 90% of subframes. Therefore, it can be considered to further reduce the subset of sensing subframes related to selecting subframes.
[image: image2.emf]0 20 40 60 80 100 120 140 160 180

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance (m)

Average PRR

 

 

P2V, 100ms

P2V, 200ms

P2V, 1000ms


Figure 2: PRR performance with different cancellation ratio
Based on the above discussion and observation, we propose:

Proposal 1: Reusing the relationship between sensing and selecting subframes for vehicle UE resource selection should be the baseline, i.e. for a given selecting subframe n, UE should sense in subframes n – 100*k (k = 1, 2, … 10)
· Further reducing the subset of sensing subframes related to selecting subframes can be considered
3. Subset of subframes for sensing and resource selection
Given the relationship between sensing subframes and selecting subframes, if the subset of subframes for resource selection is determined, the subset of subframes for sensing will be automatically determined, and vice versa. Therefore, in this section the two issues are discussed together.
From the pedestrian UE perspective, both the size and the time domain position of the subset of subframes for sensing and resource selection should be determined. The size of the subset should consider the tradeoff between resource selection flexibility and UE energy consumption. 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.

In vehicle UE resource selection, a minimum number of candidate resource i.e. 20% of the total candidate resource, should be ensured after exclusion of the candidate resource by SA decoding. The motivation is to avoid nearby UEs to select the same candidate resource by randomization if they select resource simultaneously. However, for pedestrian UE resource selection, the motivation may not be as strong as that for vehicle UE. First, the density and traffic load of pedestrian UE may not be as high as vehicle UEs, so the collision probability among pedestrian UEs could be low. Secondly, as proposed by proposal 2, randomization is already done when pedestrian UE selects the subset of subframes for sensing and resource selection, which further reduce the collision probability among pedestrian UEs. Finally, normally much different transmission period will be used by pedestrian UEs and vehicle UEs, so the impact of collision between pedestrian UEs and vehicle UEs may not be as high as that among vehicle UEs. Therefore, we propose to cancel or extend the condition.
Proposal 3: The condition of at least 20% of total candidate resource after resource exclusion should be cancelled or extended for P-UE resource (re)selection. 

With partial sensing, pedestrian UE can only select candidate resource in a limited subset of subframes. However, if the interference is unevenly distributed among subframes, and if P-UE happens to select a subset of subframes which are severely interfered, P-UE may not be able to find a suitable candidate resource only within the subset of selecting subframes. If a suitable candidate resource cannot be found, two potential solutions can be considered to solve the problem:

1) Option 1: P-UE uses random resource selection to select a new candidate resource;

2) Option 2: P-UE keeps using the original selected resource
With either option 1 or option 2, P-UE needs to select a new subset of sensing subframes, and re-triggers the resource (re)selection later with a corresponding new subset of (re)selection subframes. The retriggering may periodically repeat e.g. every 1 second for partial sensing, until a suitable candidate resource can be found; 
Option 1 can be used for both initial resource selection and reselection, while option 2 can only be used for resource reselection. If option 1 is supported for resource reselection, the candidate resource should be selected outside the subset of selecting subframes; If option 2 is supported, resource reselection of P-UE can be triggered before the counter is decreased to 0, and thus P-UE will have several opportunities to select the suitable resource. The details can be FFS.
Proposal 4: If no suitable candidate resource is found in the subset of subframes for resource (re)selection, P-UE should 
· uses random resource selection to select a new resource or use previous selected resource, AND
· re-trigger resource (re)selection with changed subset of subframes for sensing and resource selection
4. 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, the partial sensing of pedestrian UE could also be triggered by the counter. An example of partial sensing triggering can be seen in figure 3. A counter value X can be predefined or (pre)configured so partial sensing starts only after the value of the counter is less than or equal to X. 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 X =1 and 1 second reservation period of pedestrian UEs. 
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Figure 3: Example of triggering partial sensing (X = 2, partial sensing is triggered by new data arrival and counter value)

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 5: RAN1 should decide between the following options for P-UE partial sensing

· Background sensing is assumed;

· Partial sensing is triggered by counter before resource reselection is triggered;
· For initial resource selection, random resource selection is performed until transmission resource is selected based on partial sensing.
5. 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 6: 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.
6. Impact of shorter period V2V transmission
In RAN1#86bis meeting, it is already agreed that shorter reservation period transmission for V2V communication is supported:

· Support i as 1/5, 1/2 (Pstep fixed at 100) with resource-pool specific configuration of the set of allowed i

· No change to sensing window and selection window

It is still FFS how the sensing and resource selection will be impacted by supporting shorter period V2V communication. If the sensing results (SA decoding & energy sensing) of subframes with shorter period is used for resource selection, the relationship of sensing subframes and selecting subframes may also change. 
Two potential solutions can be considered:

1) Option 1: Assigning independent resource pools for V2V communications with shorter period and P2V communication;

2) Option 2: P-UE partial sensing considering the existence of shorter period Tx from V-UE;

Option 1 may be simple solution based on implementation and has no standardization impact. However, assigning different V2x resource pools may cause resource fragmentation issue. One simple solution for option 2 is to add some additional denser sensing duration (e.g. 50 or100ms) before P-UE resource reselection. During the duration, denser sensing subframes repetition interval e.g. 20ms, 50ms, etc. is used. Although some options for S-RSSI measurement (i.e. option 1 and 3 in our companion paper [3]) may not need to average with shorter periods, sensing in shorter period may still be needed for SA decoding purpose. 

Ideally the denser sensing duration should be added exactly before the (re)selection is triggered. However, it may be difficult to estimate when the resource (re)selection will be triggered. For simplicity, the additional denser sensing duration can be added after P-UE resource (re)selection is triggered. If so, the data transmission latency of P-UE would be increased. (An example is shown in Figure 4.) 
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Figure 4: Illustration of additional sensing duration triggered by resource (re)selection
Proposal 7: If shorter period V2V communication shares the resource pool with P2V communication, a short duration of sensing subframes with shorter period is triggered by P-UE resource (re)selection.
· The resource reselection is delayed after the short duration
7. Conclusion
In this contribution, the details of pedestrian UE partial sensing is discussed. Based on the discussion, we propose:

Proposal 1: Reusing the relationship between sensing and selecting subframes for vehicle UE resource selection should be the baseline, i.e. for a given selecting subframe n, UE should sense in subframes n – 100*k (k = 1, 2, … 10)

· Further reducing the subset of sensing subframes related to selecting subframes can be considered
Proposal 2: Subset of subframes for partial sensing can be configured by eNB or autonomously selected by UE.

Proposal 3: The condition of at least 20% of total candidate resource after resource exclusion should be cancelled or extended for P-UE resource (re)selection. 

Proposal 4: If no suitable candidate resource is found in the subset of subframes for resource (re)selection, P-UE should 
· uses random resource selection to select new resource or keeps using previous selected resource, AND
· re-trigger resource (re)selection with changed subset of subframes for sensing and resource selection
Proposal 5: RAN1 should decide between the following options for P-UE partial sensing

· Background sensing is assumed;

· Partial sensing is triggered by counter before resource reselection is triggered;
· For initial resource selection, random resource selection is performed until transmission resource is selected based on partial sensing.
Proposal 6: 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 7: If shorter period V2V communication shares the resource pool with P2V communication, a short duration of sensing subframes with shorter period is triggered by P-UE resource (re)selection.

· The resource reselection is delayed after the short duration
References

[1] RAN1 Chairman’s Notes, RAN1 86, Aug. 2016

[2] RAN1 Chairman’s Notes, RAN1 86bis, Oct. 2016
[3] R1-1612688, NTT DOCOMO, “Support of shorter period for V2V communications,” RAN1#86bis.
Appendix
Table I: Evaluation assumptions
	Carrier Freq.
	6GHz

	Bandwidth
	10MHz dedicated carrier

	Scenario
	Urban 60KM/h

	Pedestrian UE deployment
	Follow TR 36. 885 v. 1.0.0

	P2V traffic model
	300 bytes per 1s

	Resource pool
	Contiguous SA and data, subchannel size 15PRB, 3 subchannels per subframe

	Resource reselection
	Counter based following V2V agreement

	Resource selection 
	Following V2V agreement

	Data transmission
	1 transmission per packet

Fixed packet size (15 PRBs SA + Data for both 190 and 300 bytes packet)

	Number of sensing subframe in the sensing window
	In the beginning 100 ms duration in the sensing window, random K=10 subframes are selected for sensing.
10 (90% cancellation), 50 (50 % cancellation), 100 (0% cancellation)


- 5/7 -

[image: image1][image: image5.png]'Data arrival 'Data arrival Data arrival Data arrival Data arrival

Counter =2 Counter =1 I Counter =0 "' Counter =[5, 15]

f

Resource eselection

Start partial i
sensing; e e

Selects a subset of Stop partial sensing, Tx
subframe for monitoring in selected resource;
Reset counter




[image: image6.png]Counter = 0 after Tx

1s
ms|00ms| | | | | | |

Start sensing /

Random select K subframes Resource selection only in the
within 100ms duration K subframes of 100ms

100ms 100ms

0

o

(a) Cancelling 0% sensing subframes

Counter = 0 after Tx

100ms 1s 100ms
200ms
Start sensing /
Random select K subframes Resource selection only in the
within 100ms duration K subframes of 100ms

(b) Cancelling 50% sensing subframes
Counter = 0 after Tx

100ms 1s 100ms

Start sensing /

Random select K subframes Resource selection only in the
within 100ms duration K subframes of 100ms

(c) Cancelling 90% sensing subframes



