[bookmark: _Hlk46299398][bookmark: OLE_LINK1]3GPP TSG RAN WG1 #102-e	R1-2005545
e-Meeting, August 17th – 28th, 2020

[bookmark: Source]Agenda Item:	8.11.2.1
Source: 	Fujitsu
Title:	Considerations on partial sensing in NR V2X
Document for:	Discussion/Decision
Introduction
In V2X, besides Vehicle-to-Vehicle communication, a pedestrian can also exchange information with a vehicle or another pedestrian to avoid collision. Moreover, power consumption is a more critical issue for a pedestrian than for a vehicle. For power saving, in Rel-14 LTE V2X, resource selection mechanisms including random selection and partial sensing are introduced for pedestrian (P-UE). According to the WID [1] of Rel-17 sidelink, the following will be studied for resource allocation enhancements.
Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.


According to the WID, it will be studied how to reduce power consumption by resource allocation. The baseline is to introduce the principle of random resource selection and partial sensing in Rel-14 LTE V2X. In this contribution, we share some general considerations on resource allocation from partial sensing perspective. 

[bookmark: _Ref228947482]Existing partial sensing in LTE V2X 
In LTE V2X, partial sensing has been introduced such that a pedestrian UE (P-UE) does not have to monitor every subframe and performs autonomous resource selection from partial subframes in the selection window. In this way, power saving can be achieved for the P-UE since the number of SCI blind decoding has been reduced. Rel-14 sidelink (including V2V and V2P/P2V) is mainly designed for periodic traffic. Except to two short periods (20ms, 50ms), the other periods are all integral multiples of 100ms. Since the transmitting instance can be predicted for periodic traffic, the subframes which should be sensed corresponding to the selected candidate subframes can be determined in advance. To avoid collisions with the reserved resources by periodic traffic, P-UE needs to monitor subframes y-k×100 if it would like to use subframe y for transmission where k is configurable. An example is shown in Figure 1. The P-UE performs resource selection within Y subframes in the selection window. For any subframe y within Y subframes, the UE monitors subframes y-100, y-5×100 and y-10×100. 
[image: ]
Figure 1 An example of partial sensing in LTE Rel-14, assuming the number of candidate subframes is 5 (Y=5), and the {1,5,10}-th bit of the high layer parameter gapCandidateSensing is set to 1  

Issues to be considered when introducing partial sensing into NR V2X
When introducing partial sensing into NR V2X, the coexistence with other UEs within a resource pool needs to be studied. More specifically, a P-UE should be able to avoid collision and interference from other UEs by using partial sensing. Compared with LTE V2X, NR V2X supports new features which may have impact on partial sensing. In Rel-16 NR sidelink, many new features have been introduced, including aperiodic transmission, short period transmission with more short period values, re-evaluation/pre-emption, unicast/groupcast, HARQ-ACK feedback, larger number of HARQ transmissions, etc. As pointed out in the WID, for the design of Rel-17 partial sensing procedures, the Rel-14 partial sensing principle should be taken as a baseline. However, the existing Rel-14 partial sensing principle does not take the aforementioned features into account, and thus there may be some issues if directly introducing the principle of Rel-14 LTE sidelink partial sensing into NR sidelink. For these new features, some corresponding enhancements may need to be introduced to the current Rel-14 partial sensing principle. In the following we assume that a “P-UE” could be any type of UE where the use of partial sensing is desirable (e.g. a Pedestrian UE), or a more generic type of UE that is configured to use partial sensing. 

V2P services and use cases
There are six V2P (vehicle-to-pedestrian) use cases given in [2] and [3]. They can be classified into two groups: V2X use case group and commercial use case group. The service types and requirements for each group are shown in Table I and Table II, respectively. 

Table I. Service types and requirements of V2X use case group [4][5]
	Use Case
	Cast Type
	Message Type
	Message Size
	Reliability
	Latency

	Warning to pedestrian against pedestrian collision
	Broadcast
	Periodic (100 ms ~ 1s) / event-driven 
	50 ~ 300 Bytes
	90% ~ 95%
	100 ms ~ 1s

	Vulnerable Road User (VRU) safety
	Broadcast
	Periodic (100 ms ~ 1s)
	50 ~ 300 Bytes
	90% ~ 95%
	100 ms ~ 1s

	Pedestrian road safety via V2P awareness messages
	Broadcast
	Periodic (100 ms ~1s)
	50 ~ 300 Bytes
	90% ~ 95%
	100 ms ~ 1s

	Extended sensors
	Unicast / Groupcast
	Periodic (20 ms, 100 ms)/ event-driven
	[1600] Bytes
	90% ~ 99.999%
	3 ms ~ 100 ms




Table II. Service types and requirements of commercial use case group[4][5]
	Use Case
	Cast Type
	Message Type
	Message Size
	Reliability
	Latency

	Dynamic ride sharing
	Unicast
	Event-driven 
	-
	-
	-

	Tethering
	Unicast
	Event-driven
	-
	-
	-



It is worth noting that the first three rows in Table I are basic V2P services, and they are already been supported by Rel.14 LTE-V2X. Comparing the remaining uses cases in Table I and Table II with the basic V2P services, we can observe that Rel.17 V2P communications should support more service types than Rel.14 LTE-V2X, including groupcast and unicast cast types, as well as aperiodic traffic type. 
Observation-1: Aside from periodic broadcast services, Rel. 17 V2P communication also needs to support the following service types:
· Aperiodic broadcast services
· Periodic groupcast / unicast services
· Aperiodic groupcast / unicast services
Considering the battery efficiency and the latency requirements of basic V2P services, Rel.14 power saving resource allocation mainly focus on the scenario that the P-UE transmits messages to V-UE(s). Regarding the scenario that the P-UE receives messages from V-UE(s), it was considered to be realized by Uu-based delivery (i.e.,V-UE→eNB→P-UE) since the Uu-based solution is more energy efficient. However, this is only available once P-UE is under the condition of in-coverage. Moreover, as shown in Table I, the use cases that need to be supported by Rel.17 sidelink have more stringent latency requirements, e.g., 3 ms ~ 100 ms for extended sensors. Such stringent requirement cannot be fulfilled by the Uu-based delivery (i.e.,V-UE→gNB→P-UE), especially for the 3ms latency requirement. Hence, Rel.17 sidelink should also consider the scenario of V-UE transmitting to P-UE via sidelink.
Observation-2: The latency requirement of the use cases needs to be supported by Rel.17 sidelink is much more stringent than that of Rel.14 sidelink. 
Proposal 1: Rel.17 sidelink work should discuss energy efficient solutions for the scenario of P-UE receiving V-UE’s messages via sidelink. 

Coexistence between P-UE and V-UE
Coexistence between P-UE and V-UE with aperiodic transmission
[bookmark: _Hlk46408159][bookmark: OLE_LINK146]Among the many newly introduced features, one potentially having some impacts on the design of Rel-17 partial sensing is the support of aperiodic transmission. In Rel-14 sidelink, a P-UE which performs partial sensing can share the Tx resource pool with a V-UE which performs full sensing, and this may naturally be inherited in Rel-17 sideink design to increase efficiency. Moreover, in Rel-17 V2X, the P-UE itself may also need to support aperiodic transmission for some services/use cases, e.g. extended sensors [3]. If the principle of Rel-14 LTE sidelink partial sensing is directly introduced, the transmissions of the P-UE and the other one or more V-UEs or P-UEs may interfere with each other. The main reason is that the “subset of sensing slots” are determined by assuming only periodic transmissions from the UEs sharing the same resource pool. Due to the “subset of sensing slots”, the resource collision caused by aperiodic transmission may not be identified by partial sensing. In Figure 2, the examples are given to show that the interference can come from aperiodic transmission from either a V2V vehicle or a P2V pedestrian. In Figure 3, an example is provided to show that an aperiodic transmission occurs outside of the sensing period but reserves retransmission in Y slots within the selection window. Since P-UE did not sense the slot on which the aperiodic transmission occurred, collisions can happen when P-UE selects resources in the Y slots.
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Figure 2 Illustrations on the interference caused by aperiodic transmission from another UE in the shared resource pool

[image: ]
Figure 3 An example of resource collision due to the “subset of sensing slots”

Proposal 2: Rel-14 partial sensing needs to be enhanced when P-UE shares the resource pool with V-UEs supporting aperiodic transmission.

Coexistence between P-UE and V-UE with short period traffic
Among the newly introduced features, another feature is that NR V2X supports more short periods for periodic traffic. The potential impact from short period traffic should be studied. For simplicity, short period here refers to the periods which are smaller than 100ms. In NR V2X, short periods can take any value from 1ms to 99ms. In LTE V2X, short periods can only take a value as 20ms or 50ms. For partial sensing in LTE V2X, a UE does not monitor all the subframes where short period traffic can happen. As shown in Figure 1, the UE only monitors subframe y-k×100 with k as an integer and thus cannot detect short period traffic happened in subframe y-20 or y-50. UE can only exclude the resources reserved by short period traffic when short period traffic is detected in the monitored subframes. This works for LTE V2X where there are only two types of short period traffic. As for NR V2X where much more types of short period traffic are supported, the impact on partial sensing should be further studied. For example, it can be studied whether the UE should monitor more slots for short period traffic. No matter whether extending or increasing the monitored slots, the UE should be able to exclude the resources reserved by short period traffic if short period traffic is detected in the monitored subframes.
[bookmark: OLE_LINK43]Proposal 3: With more types of short period traffic supported in NR V2X, it should be studied how to enable P-UE to share the resource pool with V-UEs supporting short period traffic.

Supporting NR V2X new features for P-UE
Supporting unicast/groupcast for P-UE
Due to the much more complicated use cases and more stringent requirements in NR-V2X as listed in table I, the power saving mechanism in the legacy LTE-V2X cannot be applied without any enhancement, especially towards the broadcast and groupcast traffic.
In unicast, thanks to the PC5 link, PC5-RRC messages (e.g., sensing timing and transmit resources) between two peer UEs can be exchanged via SCCH with a specified LC-ID. This ensures the synchronized partial sensing timing in between and guarantees the PRR performance and power saving in peer UE.
Observation-3: The partial sensing procedure in the legacy LTE-V2X can fulfill the reliability for NR-V2X unicast, if PC5-RRC messages are exchanged between the peer UEs to synchronize partial sensing timing.
As discussed previously, we believe that Rel.17 sidelink should study energy efficient solutions for the scenario of P-UE receiving V-UE’s messages via sidelink in order to guarantee the PRR from P-UE performance perspective. In broadcast and groupcast, however, there exists a fundamental problem of ensuring PRR reliability, especially in groupcast where the group members are sleeping and waking up randomly in the sensing cycle. This could degrade the PRR performance significantly. Figure 4 exemplifies the worst case of scenario for partial sensing in groupcast, where five Rx-P-UEs are randomly sleeping and waking up in a sensing cycle (e.g., 100ms), and not able to receive the packet from Tx-UE, resulting in zero of PRR.
[image: ]
[bookmark: _Ref31209267]Figure 4: Partial sensing in groupcast, randomly sleeping and waking up.

If all P-UEs are forced to sleep and wake-up at the same time by pre-configuration, the group P-UEs enable to make the packet reception, but the P-UEs between different groups sleep and wake-up at the same time as well. This limits the selectable resources for group UE transmission, and thus, the problem of transmit resource collision in the groups incurs.
Observation-4: The partial sensing procedure in the legacy LTE-V2X cannot fulfill the reliability at least in NR-V2X groupcast, and some new mechanisms should be introduced.
The architecture enhancements in 5GS [6] defines two types of groups; one is denoted as application layer connection-less group, and the other is denoted as application layer managed group. The former considers an application layer group without group formation in the V2X application layer, possibly applied for sensor sharing. The latter, however, considers an application layer group with group formation and management in the V2X application layer, possibly applied for platooning, and cooperative adaptive cruise control.
In order to synchronize the sensing timing for P2X UEs within the group, we need to find out the common parameters to realize the partial sensing procedure and ensure the reliability in groupcast communication.
The application layer connection-less group, in general, is related to the geographic location and is formed by the UEs who are in proximity within a communication range. In this case, application layer does not provide the information related to group size and member ID. When group identifier information is provided by V2X application layer, UE converts the provided group identifier into a destination-L2 ID. When group identifier information is not provided by V2X application layer, UE determines destiantion-L2 ID based on the configuration of mapping between V2X service type (e.g. PSID/ITS-AID) and Layer-2 ID in V2X layer.
Observation-5: In the application layer connection-less group, the group members are in proximity, and the reference parameters for partial sensing could be the geographical location of P2X UE, and destination-L2 ID.
Proposal 4: Rel-17 supports to utilize the geographical location of P2X UE and destination-L2 ID, as the reference parameters for partial sensing, in the application layer connection-less group.
The application layer managed group, in contrast, is related to the service and is formed by the UEs who are interested in the special service, for instance, platooning service. In this case, the V2X application layer provides a group size and a member ID, and the V2X layer passes them to the AS layer for groupcast control. It is assumed that the V2X application layer provides accurate and up-to-date information on the group size and the member ID. Similarly, when the group identifier information is provided by V2X application layer, UE converts the provided group identifier into a destination-L2 ID. When the group identifier information is not provided by V2X application layer, UE determines destiantion-L2 ID based on configuration of mapping between V2X service type (e.g. PSID/ITS-AID) and Layer-2 ID in V2X layer.
Observation-6: In the application layer managed group, the group members are associated with the interested services other than the geographical location in between, and thus, the available reference parameter for partial sensing could be merely destination-L2 ID.
Proposal 5: Rel-17 supports to utilize the destination-L2 ID, as the reference parameter for partial sensing, in the application layer managed group.

Supporting HARQ for P-UE
In Rel-14 sidelink, the supported cast type is only broadcast. In Rel-16 sidelink, unicast and groupcast are additionally supported and HARQ-ACK feedback is supported to enhance the reliability of these two cast types. In Rel-17 V2X, for some services/use cases, e.g. extended sensors [3], unicast/groupcast may also need to be supported and HARQ-ACK feedback may also need to be supported since reliability enhancement is another key target in Rel-17 sidelink. However, if HARQ-ACK feedback is introduced for a P-UE, the P-UE should ensure the HARQ RTT related minimum time gap between any two selected resources of a TB. This timing restriction may have some impacts on the candidate slots determination of the partial sensing procedure. 
Proposal 6: If HARQ feedback is supported for P-UEs, the impact of HARQ RTT related timing restriction on partial sensing procedure should be considered.

Moreover, in Rel-14 V2X, the maximum HARQ transmission number is 2, but in Rel-16 V2X, this number has been extended to 32. If Rel-17 P-UEs also want to support such larger HARQ transmission number, the impact on partial sensing is, the number of determined candidate slots in selection window should ensure that the target HARQ transmission number can be achieved.
Proposal 7: If the maximum number of HARQ transmission number which is agreed in Rel-16 can also be supported by P-UE, the impacts on partial sensing procedure when a UE determines the number of candidate slots in selection window should be considered.

Resource reselection for P-UE 
[bookmark: _GoBack]In Rel.16 sidelink, to help accommodate sidelink traffic with different priorities, re-evaluation and pre-emption are additionally introduced as the triggers for resource reselection. The Rel.17 sidelink may also need to support P2X services with different priorities, e.g., Vulnerable Road User (VRU) safety [2] and extended sensors [3] may hold different priorities. To support the re-evaluation / pre-emption triggered resource reselection, a UE is required to keep monitoring the radio channel until the moment shortly before transmission.  In this case, energy consumption may increase significantly. Moreover, the legacy partial sensing procedure does not support the continuous monitoring after the sensing window. Therefore, the partial sensing procedure should be enhanced when the re-evaluation / pre-emption triggered resource reselection is supported. 
Proposal 8: Partial sensing procedure should be enhanced when re-evaluation / pre-emption triggered resource reselection is supported.

Conclusions
In this contribution, we share some initial considerations on resource allocation for power saving. The proposals are summarized as follows.
Observation-1: Aside from periodic broadcast services, Rel. 17 V2P communication also needs to support the following service types:
· Aperiodic broadcast services
· Periodic groupcast / unicast services
· Aperiodic groupcast / unicast services
Observation-2: The latency requirement of the use cases needs to be supported by Rel.17 sidelink is much more stringent than that of Rel.14 sidelink. 
Observation-3: The partial sensing procedure in the legacy LTE-V2X can fulfill the reliability for NR-V2X unicast, if PC5-RRC messages are exchanged between the peer UEs to synchronize partial sensing timing.
Observation-4: The partial sensing procedure in the legacy LTE-V2X cannot fulfill the reliability at least in NR-V2X groupcast, and some new mechanisms should be introduced.
Observation-5: In the application layer connection-less group, the group members are in proximity, and the reference parameters for partial sensing could be the geographical location of P2X UE, and destination-L2 ID.
Observation-6: In the application layer managed group, the group members are associated with the interested services other than the geographical location in between, and thus, the available reference parameter for partial sensing could be merely destination-L2 ID.

Proposal 1: Rel.17 sidelink work should discuss energy efficient solutions for the scenario of P-UE receiving V-UE’s messages via sidelink. 
Proposal 2: Rel-14 partial sensing needs to be enhanced when P-UE shares the resource pool with V-UEs supporting aperiodic transmission.
Proposal 3: With more types of short period traffic supported in NR V2X, it should be studied how to enable P-UE to share the resource pool with V-UEs supporting short period traffic.
Proposal 4: Rel-17 supports to utilize the geographical location of P2X UE and destination-L2 ID, as the reference parameters for partial sensing, in the application layer connection-less group.
Proposal 5: Rel-17 supports to utilize the destination-L2 ID, as the reference parameter for partial sensing, in the application layer managed group.
Proposal 6: If HARQ feedback is supported for P-UEs, the impact of HARQ RTT related timing restriction on partial sensing procedure should be considered.
Proposal 7: If the maximum number of HARQ transmission number which is agreed in Rel-16 can also be supported by P-UE, the impacts on partial sensing procedure when a UE determines the number of candidate slots in selection window should be considered.
Proposal 8: Partial sensing procedure should be enhanced when re-evaluation / pre-emption triggered resource reselection is supported.
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