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1 Introduction

At the RAN1#86 WG meeting the support of P2V communication was discussed. It was agreed that for P2V communication the random and partial sensing based resource selection is supported. In this contribution, we discuss support of random resource selection for P2V communication according to the following agreement made by RAN1 WG:
	RAN1#86
· 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
RAN1#87
· P-UE performing partial sensing or random selection does not transmit SLSS/PSBCH.
· P-UE does not support resource reservation interval shorter than 100 ms.


Our views on other aspects of V2V/V2X communication are provided in our companion contributions [1]-[8].
2 Random Resource Selection for P2V Communication
The main motivation to support random resource selection for P2V communication is to reduce UE power consumption and support devices without sidelink reception capabilities.

2.1 P-UE Synchronization Aspects
In case if P-UE does not have sidelink reception capabilities, the sidelink synchronization procedure is not supported. In this case, the out of coverage P-UE can transmit only if it can derive timing from GNSS. In case if out-of-coverage P-UE does not have GNSS timing the P2V communication should not be supported. If UE is within network coverage then P-UE can derive timing from eNB or GNSS. In this case it would be appropriate to use as a primary synchronization source the option that requires lower power consumption from UE perspective and therefore it can be left to UE implementation. In our view, SLSS transmission by P-UEs is not desirable since it may increase P-UE power consumption.
Proposal 1
· For out of coverage P-UE with no sidelink reception capabilities, the random resource selection is not supported, if P-UE does not have GNSS timing.
· For out of coverage P-UE with SLSS reception capabilities, the random resource selection is supported.

· For P-UEs within network coverage,

· P-UEs w/o GNSS capabilities always use eNB as a synchronization source;

· P-UEs with GNSS capabilities use either eNB or GNSS as a synchronization reference, if network allows to use GNSS, otherwise eNB is used for synchronization reference.

2.2 P-UE TX Chain Sharing

Given that power consumption and complexity are the main motivation factors to enable P2V communication with random resource selection (w/o sidelink reception capabilities), it is also reasonable to support sharing of P-UE TX chain for P2V and WAN transmission. RAN1 already agreed that UE behavior in terms of UL and SL prioritization depends on actual PPPP value and preconfigured PPPP thresholds.

In case of eNB controlled resource allocation, the P-UE is RRC_CONNECTED and eNB knows SL resources used for PC5 transmission. In order to respect UE processing delay and 1 ms chain switching time, P-UE should be expected to transmit on the first available resource after 6ms (4ms+Δ+1 ms) in case of dynamic scheduling, where Δ is subframe alignment offset among carriers, Δ < 1ms. The retuning of TX chain to cellular UL should be expected 1ms later after scheduled transmission, e.g. after the 2nd transmission for the same TB.
In case of UE autonomous PC5 operation, for RRC_CONNECTED P-UEs performing random sidelink resource selection, UEs may indicate PC5 resource used for P2V transmission on PC5 carrier (SPS transmission pattern), so that eNB can avoid UL/SL conflict if needed. For RRC_IDLE UEs performing autonomous random resource selection, P-UE can just follow the UL/SL prioritization rule based PPPP threshold, if configured by eNB.
Proposal 2
· P-UE SL and UL transmissions can share single TX chain of P-UE.
· Switching gap of at least 1 ms should be assumed to switch P-UE TX chain from UL to SL and back.

· If SL is prioritized over WAN UL transmission:

· In case of eNB controlled resource allocation mode, 
· P-UE is expected to transmit on the first available resource no later than (4ms+carrier subframe alignment offset+1)ms relative to subframe where scheduling assignment has been sent and tune TX chain back to UL 1ms after completion of TB transmission.

· In case of UE autonomous resource allocation mode
· RRC_CONNECTED P-UEs can indicate selected resources for P2V transmission, so that eNB is aware where P-UE is switched to PC5 carrier.

· RRC_IDLE P-UEs can follow the UL/SL prioritization rule based PPPP threshold, if configured by eNB.
2.3 Physical Structure for P2V Communication

The V2V PSCCH/PSSCH physical structure and resource configuration should be reused for P2V communication. The eNB can indicate a pool, where P2V communication based on random resource selection is allowed and optionally restrict the set of subframes and frequency subchannels, where P2V transmission with random resource selection is enabled.

Proposal 3
· The physical structure and configuration of PSCCH and PSSCH is reused for P2V communication.
· eNB provides pool specific indication if random resource selection is allowed within a pool.
· Optionally eNB can indicate subset of time-frequency resources within a pool available for random resource selection (e.g. set of subchannels and subframes).
2.4 On Random Resource Reselection

In general case, the following resource pool configurations options are possible for P2V communication:
· Option 1. Dedicated pool for P-UEs with random resource selection only.
· Option 2. Dedicated pool for P-UEs with partial sensing only.
· Option 3. Dedicated pool for P-UEs with partial sensing and random resource selection. 
· Option 4. Shared pool for P-UEs with partial sensing and V-UEs;
· Option 5. Shared pool for P-UEs with random resource selection and V-UEs;
· Option 6. Shared pool for P-UEs with partial sensing and P-UEs with random resource selection and V-UEs.
The random resource selection, can be present in 4 out of 6 possible combinations. For Option 3, 5, and 6, P-UE should apply random resource selection with resource reservation in order to respect the behaviour of UEs, performing sensing or partial sensing operation. In case of Option 1, the random resource selection per TB may be a better design choice. 
Given that random resource selection of P-UEs needs to coexist with sensing based resource selection by V-UEs in the same pool, the frequent reselection of randomly selected resource is not desirable since it may lead to degraded V2V communication performance. This is especially true if we assume that P-UE transmits every 100ms and randomly re-selects resource all the time.

Considering the fact that P-UEs typically transmit with periodicity of 1000 ms and latency of 100 ms, the randomly selected transmissions of P-UEs are distributed across the whole sensing window duration. From V2V communication perspective it is desirable, that P-UEs once randomly selected resource do not reselect it for some time. Such behavior will be consistent with slowly moving vehicles which transmission period is bounded by 1000 ms. Therefore the similar re-selection counter can be used by P-UEs with the only difference that resource is (re)selected randomly. The alternative behavior is to randomly select resource every transmission period (e.g. every 100ms). These two resource selection options have tradeoff in terms of potential consistent collisions and ability to adapt to P-UE random transmissions. However, considering the difference in typical transmission periods of vehicles and pedestrian, the consistent collision between vehicle and pedestrian is an unlikely event. The consistent collisions between pedestrians are also unlikely, given that packet arrival time is randomized across the one second time interval.
In order to select, between considered options we have performed the system level evaluations and analyzed the impact on V2V and P2V communication. The system level evaluation results are shown in Figure 1. The communication performance of vehicle and pedestrian UEs in Urban Sparse scenario with 60 km/h vehicle speed has been analyzed for the lowest and highest P-UE transmission rates of 1 and 10 packets per second while V-UE transmit data with highest 10 packet per second rate. 
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Figure 1. Impact of different random resource selection options on V2V and P2V performance.
In both evaluated scenarios, the P-UE resource reservation leads to the improved P2V performance, that can be explained by the fact that V-UE may detect P-UE transmission, exclude occupied resource from internal resource candidate list and, consequently, avoid interference to the P-UE transmission.
Observation 1
· The less frequent P-UE resource reselection has better average PRR performance of P2V communication.
Based on the presented results we propose to perform random resource selection with resource reservation with the same timescale as used by V-UEs.

Proposal 4
· In case when random resource (re-)selection is triggered at time instance n, P-UE randomly selects allowed time frequency resource within transmission window [n + T1<4, n+T2<latency budget - RXPROC], where RXPROC = 4).
· For P2V communication with random resource selection, the same resource reselection triggering conditions are used (i.e. resource reselection counter and probabilistic reselection when counter reaches zero value).
· In terms of sensing and resource selection, P2V transmissions are handled in the same way as V2V transmissions.
3 Conclusions

In this contribution, we provided our view on random resource selection procedure for P2V communication. Based on the discussion, we have the following set of proposals:
Proposal 1
· For out of coverage P-UE with no sidelink reception capabilities, the random resource selection is not supported, if P-UE does not have GNSS timing.

· For out of coverage P-UE with SLSS reception capabilities, the random resource selection is supported.

· For P-UEs within network coverage,

· P-UEs w/o GNSS capabilities always use eNB as a synchronization source;

· P-UEs with GNSS capabilities use either eNB or GNSS as a synchronization reference, if network allows to use GNSS, otherwise eNB is used for synchronization reference.

Proposal 2
· P-UE SL and UL transmissions can share single TX chain of P-UE.

· Switching gap of at least 1 ms should be assumed to switch P-UE TX chain from UL to SL and back.

· If SL is prioritized over WAN UL transmission:

· In case of eNB controlled resource allocation mode, 

· P-UE is expected to transmit on the first available resource no later than (4ms+carrier subframe alignment offset+1)ms relative to subframe where scheduling assignment has been sent and tune TX chain back to UL 1ms after completion of TB transmission.

· In case of UE autonomous resource allocation mode

· RRC_CONNECTED P-UEs can indicate selected resources for P2V transmission, so that eNB is aware where P-UE is switched to PC5 carrier.
· RRC_IDLE P-UEs can follow the UL/SL prioritization rule based PPPP threshold, if configured by eNB.
Proposal 3
· The physical structure and configuration of PSCCH and PSSCH is reused for P2V communication.

· eNB provides pool specific indication if random resource selection is allowed within a pool.

· Optionally eNB can indicate subset of time-frequency resources within a pool available for random resource selection (e.g. set of subchannels and subframes).

Proposal 4
· In case when random resource (re-)selection is triggered at time instance n, P-UE randomly selects allowed time frequency resource within transmission window [n + T1<4, n+T2<latency budget - RXPROC], where RXPROC = 4).

· For P2V communication with random resource selection, the same resource reselection triggering conditions are used (i.e. resource reselection counter and probabilistic reselection when counter reaches zero value).
· In terms of sensing and resource selection, P2V transmissions are handled in the same way as V2V transmissions.
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