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Introduction
In V2X, besides Vehicle-to-Vehicle communication, a pedestrian can require exchanging information with a vehicle and/or another pedestrian to avoid collision. In addition, the power consumption needs to be considered as a critical issue for a pedestrian than the for a vehicle. For the power saving, in Rel-14 LTE V2X, resource selection mechanisms including random selection and partial sensing are introduced for pedestrian UE (P-UE). According to the WID [1] of Rel-17 sidelink, the power saving as the resource allocation enhancements should be studied as follows.
	· 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, the study of reducing the power consumption in the resource allocation should consider the baseline by introducing the principle of random resource selection and partial sensing in Rel-14 LTE V2X. In this contribution, we express our views on the resource allocation from the partial sensing perspective.
Existing partial sensing in LTE V2X
In LTE V2X, partial sensing has been introduced such that a P-UE does not have to monitor every subframe and performs autonomous resource selection from partial subframes in the selection window. In this way, the 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 P2V) is mainly designed for the periodic traffic. Except for two short periods (20ms, 50ms), the other periods are all the integer of 100-fold ms. Since the transmitting instance can be predicted for the 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 the periodic traffic, the P-UE needs to monitor the subframes y-k×100 if it intends to use the subframe y for transmission where k is configurable. An example is shown in Figure 1, where the P-UE performs the resource selection within Y subframes in the selection window. For any subframe y within Y subframes, the P-UE monitors subframes y-100, y-5×100 and y-10×100.
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[bookmark: _Ref51055899]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 what follows, 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 the partial sensing.
[bookmark: _Ref52529593]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 1 and Table 2, respectively.
[bookmark: _Ref51056451]Table 1: 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



[bookmark: _Ref51056471]Table 2: 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 worthwhile noting that the first three rows in Table 1 are basic V2P services, and they are already been supported by Rel.14 LTE-V2X. Comparing the remaining uses cases in Table 1 and Table 2 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.
[bookmark: _Ref51510445]Aside from the periodic broadcast services, Rel. 17 V2P communication also needs to support the following service types.
a. [bookmark: _Ref52527396]Aperiodic broadcast services;
b. [bookmark: _Ref52527398]Periodic groupcast / unicast services;
c. [bookmark: _Ref52527400]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 where 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 the P-UE is under the condition of in-coverage. Moreover, as shown in Table 1, 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 requirements 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.
[bookmark: _Ref52527478]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.
[bookmark: _Ref52527494]Rel.17 sidelink work should discuss the energy efficient solutions for the scenario of P-UE receiving V-UE’s messages via sidelink.
Coexistence between P-UE and V-UE
In this section, we discuss the coexistence issue between P-UE and V-UE in consideration of either aperiodic traffic transmission or short periodic traffic transmission.
Coexistence between P-UE and V-UE with aperiodic transmission
[bookmark: _Hlk46408159][bookmark: OLE_LINK146]Among the many newly introduced features, one of the impacts potentially 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 as discussed in the subsection 3.1. If the principle of Rel-14 LTE sidelink partial sensing is directly introduced, the transmissions of the P-UE and the V-UEs or the other P-UEs may interfere with each other. The main reason is that the “subset of sensing slots” are determined by assuming only the 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 the P-UE did not sense the slot on which the aperiodic transmission occurred, the collisions can happen when the P-UE selects resources in the Y slots.
[image: ]
[bookmark: _Ref51056638]Figure 2: Illustrations on the interference caused by aperiodic transmission from another UE in the shared resource pool.
[image: ]
[bookmark: _Ref51056715]Figure 3: An example of resource collision due to the “subset of sensing slots”.

In Rel.16 sidelink, a SCI can reserve one or two resources within 32 slots for aperiodic transmissions. Such resource reservation mechanism should be considered for the enhancement of partial sensing.  As illustrated in  Figure 4, the slots within the range  should be sensed in order to avoid the collision with aperiodic transmissions from other UEs, where  is the first slot of the Y slots.
[image: 時計 が含まれている画像
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[bookmark: _Ref51831889]Figure 4: Partial sensing considering aperiodic transmissions

[bookmark: _Ref52527500]Rel-14 partial sensing needs to be enhanced when a P-UE shares the resource pool with V-UEs who support the aperiodic transmission.
a. [bookmark: _Ref52527503]The Rel.16 resource reservation mechanism for the aperiodic transmissions should be considered in NR-V2X partial sensing.
Coexistence between P-UE and V-UE with short period traffic
Among the newly introduced features, another feature is that NR V2X supports shorter periodic transmission for periodic traffic. Thus, the potential impact from the short period traffic should be studied. For simplicity, here, the short period is defined as the period which is smaller than 100ms. 
In LTE V2X, the short period can only take a value for either 20ms or 50ms, while in NR V2X, the short period can take any value from 1ms to 99ms with much larger granularity. For partial sensing in LTE V2X, a P-UE does not monitor all the subframes where the short period traffic can happen. As shown in Figure 1, the P-UE only monitors subframe y-k×100 where k is an integer. The P-UE can only exclude the resources reserved for the short period traffic data when the short period traffic data is detected in the monitored subframes. To avoid collisions with the short period traffic data on subframe y, the P-UE should be able to monitor subframe y-j×Pshort for a certain integer value j. This works for LTE V2X where there are only two types of the short period traffic data, i.e., Pshort=20 or 50. This is because monitoring subframe y-100 is equivalent to monitoring subframe y-j×Pshort for Pshort=20 and Pshort=50, where j=5 for Pshort=20 and j=2 for Pshort=50. As for NR V2X where many more types of the short period traffic data are supported, monitoring slot y-100 cannot satisfy the requirement of monitoring slot y-j×Pshort for all the Pshort values from 1 to 99. An example is shown in Figure 5 where the P-UE monitors slot y-100 and y-200 for any slot y belonging to the Y slots within the resource selection window. During the resource selection, the collisions with the 20ms period traffic can be avoided since the traffic data on the resource m can be sensed by the P-UE. However, the collisions with the 80ms period traffic cannot be avoided since the traffic does not fall into the monitored slots of the P-UE.


[bookmark: _Ref53748758][bookmark: _Ref53748752]Figure 5: An example showing that monitoring slot y- k×100 can avoid 20ms period traffic, but cannot avoid 80ms periodic traffic
As aforementioned, the impact from the short period traffic should be further studied for partial sensing. For example, it can be studied whether the P-UE should monitor more slots for the short period traffic. No matter whether extending or increasing the monitored slots, the P-UE should be able to exclude the resources reserved for the short period traffic if the short period traffic data is detected in the monitored slots.
[bookmark: _Ref52527505]With more types of the short period traffic data supported in NR V2X, it should be studied how to enable the P-UE to share the resource pool with the V-UEs who support the short period traffic.
Supporting NR V2X new features for P-UE
In this subsection, we discuss how to support the NR-V2X new feature for P-UE, in consideration of the scenario of unicast/groupcast, the function of HARQ, and the mechanism of resource reselection.
[bookmark: _Ref52536355]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 1 and Table 2, 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, the PC5-RRC messages (e.g., active time for sensing and reception, and transmit resources) between two peer UEs can be exchanged via SCCH with a specified LC-ID. This ensures the alignment of active time for partial sensing and reception between the peer P-UEs and guarantees the PRR performance and achieves the power saving for P-UE.
[bookmark: _Ref52527422]The partial sensing procedure in the legacy LTE-V2X can fulfil the reliability for NR-V2X unicast, if PC5-RRC messages are exchanged between the peer UEs to align the active time for partial sensing and reception.
As discussed previously, we believe that Rel.17 sidelink should study energy efficient solutions for the scenario of P-UE who receives the 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 6 exemplifies the worst case of scenario for the 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: _Ref51057146]Figure 6: 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 means of the pre-configuration, the P-UEs in the group 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 the group UE transmission, and thus, the problem of transmit resource collision between the groups incurs.
In order to clarify how much performance impact does incur due to the partial sensing in groupcast, we perform the SLS simulation based on the simulation assumptions, listed in Table 3, in Annex. We take into three sensing schemes consideration for the performance comparison, respectively defined as
· Full sensing: In this case, as a benchmark, each P-UE performs the sensing for all the time on the sidelink channel and then, makes the resource selection accordingly once the packet is arrival.
· Partial sensing with random offset: In this case, as a worst-case scenario, each P-UE performs the partial sensing on the sidelink channel, with the UE active interval of Y, which is randomly predetermined by each P-UE individually with a random offset. The P-UE, then, makes the resource selection accordingly once the packet is arrival.
· Partial sensing with the same offset: In this case, each P-UE performs the partial sensing on the sidelink channel, with the UE active interval of Y, which is predetermined by each P-UE and aligned among all the P-UEs with the same offset. The P-UE, then, makes the resource selection accordingly once the packet is arrival.
Figure 7 and Figure 8 show the PRR as a function of P-UE to P-UE distance in groupcast, with the target communication range of 320m, 20MHz bandwidth, and the option-1 HARQ, considering the periodic traffic with inter-packet arrival time of 1000ms and 100ms, respectively. For the reference purpose, in addition, we show the relative power consumption in Figure 12, and the power consumption ratio in Figure 13 and Figure 14, for both inter-packet arrival time of 1000ms and 100ms, in Annex.
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[bookmark: _Ref54087127]Figure 7: PRR vs. P-UE to P-UE distance in groupcast, considering the periodic traffic with the interval of 1000ms.
[image: ]
[bookmark: _Ref54087308]Figure 8: PRR vs. P-UE to P-UE distance in groupcast, considering the periodic traffic with the interval of 100ms.
The several observations can be made as follows:
· In the scheme of full sensing, the PRR can be almost perfectively achieved regardless of the periodic traffic interval (1000ms or 100ms), due to the assumption of low traffic intensity.
· In the scheme of partial sensing with random offset, the PRR is less than 0.2 for both the periodic traffic intervals (1000ms and 100ms), which cannot sustain the sidelink transmission and reception.
· In the scheme of partial sensing with the same offset, the PRR can be almost maintained as that of full sensing when the periodic traffic interval is 1000ms. However, when the periodic traffic interval is 100ms, which is the tenfold heavier traffic, the PRR degrades significantly due to the resource collision occurring in transmission within the limited active interval of Y (i.e., Y= 13). 
Consequently, the scheme of partial sensing with random offset destroys the sidelink transmission and reception, while the scheme of partial sensing with the same offset only works properly when the periodic traffic is light enough. We believe that, the alignment of active interval for partial sensing among P-UEs is necessary, but the over-alignment should be avoided.
[bookmark: _Ref52527424]The partial sensing procedure in the legacy LTE-V2X cannot fulfil the reliability at least in NR-V2X groupcast, and some new mechanisms should be introduced. 
[bookmark: _Ref54104518]In groupcast, the partial sensing with random offset destroys the sidelink transmission and reception, while the partial sensing with the same offset incurs the problem of over-alignment of active interval among P-UEs.
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 align the sensing time for the 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.
[bookmark: _Ref52527426]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 group UEs, and destination-L2 ID.
[bookmark: _Ref52527517]Rel-17 supports to utilize the geographical location of group UEs 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.
[bookmark: _Ref52527737]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.
[bookmark: _Ref52527521]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, whereas in Rel-16 sidelink, unicast and groupcast are additionally supported, in which HARQ-ACK feedback mechanism is involved to enhance the reliability. In Rel-17 V2X, for some services/use cases, e.g., extended sensors [3], the HARQ-ACK feedback mechanism is inevitable due to the reliability enhancement as a key target in Rel-17 sidelink. However, if the HARQ-ACK feedback mechanism 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 determined in the partial sensing procedure. As illustrated in Figure 9, the P-UE selects 9 consecutive slots as its candidate slots. Since a HARQ RTT minimum time gap needs to be guaranteed for HARQ-ACK feedback, some slots (the slots colored as yellow) are not usable. In this case, the actual number of candidate slots is reduced to nearly half in comparison with the original determined number. This results in the number of candidate resources to be limited to a half, accordingly, after the step-1 in the resource selection procedure. As a result, the reliability performance may be degraded due to the limited number of candidate resources. A simple solution to address this issue is to determine a set of candidate slots for each transmission opportunity, with a minimum time gap preserved between any two sets of candidate slots. Note that, the minimum time gap is larger than or equal to the HARQ RTT minimum time gap. 
[image: ]
[bookmark: _Ref51835619]Figure 9: An example of a reduction in candidate slots due to HARQ RTT relate timing restriction
[bookmark: _Ref52527523]If HARQ feedback mechanism is supported for P-UE, the impact of the HARQ RTT related timing restriction should be considered when the P-UE determines the candidate slots.
Moreover, in Rel-14 V2X, the maximum HARQ transmission number is 2, whereas in Rel-16 V2X, this number has been extended to 32. If Rel-17 P-UEs also want to support such a larger HARQ transmission number, the issue on partial sensing may arise that, the number of determined candidate slots in the selection window should ensure the target HARQ transmission number.
[bookmark: _Ref52527524]If the maximum number of HARQ transmission number which is agreed in Rel-16 can also be supported by a P-UE, the impacts on partial sensing procedure when a UE determines the number of candidate slots in the selection window should be considered.
Resource reselection for P-UE
In Rel.16 sidelink, to help accommodate sidelink traffic with different priorities, the re-evaluation and pre-emption are additionally introduced as the triggers for the 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] maybe mapped with the different priorities. To support the re-evaluation / pre-emption triggered resource reselection, a UE is required to keep monitoring the radio channel until the time T3 before transmission.  In this case, the 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. 
One way to operate re-evaluation / pre-emption in consideration of the power efficiency is to reduce the probability to trigger the re-evaluation / pre-emption check procedure. In other words, the potential enhancements to protect P-UE’s resource selection / reservation can be considered. For example, the relative low priority values can be applied to P-UEs’ packets. To be specific, the priority value can be adjusted based on the amount of battery consumed or the number of sensed slots, namely, the more the power consumption / the number of sensed slots, the lower the priority value. When the amount of battery consumed / the number of sensed slots reaches to a certain level, the lowest priority value should be applied. This may offer a high possibility for the P-UE not necessarily to perform the re-evaluation / pre-emption check procedure.
The priority adjustment can be performed either in V2X layer or in SDAP sublayer. In the former, the PC5 QoS parameters can contain the information of the battery consumption level, in addition to PQI, PC5 flow bit rate, PC5 link aggregated bit rate, and range. Based on the battery consumption level, the V2X layer can adaptively map the priority level onto PFI, accordingly. In this case, however, the mapping rule from PFI onto DRB in the SDAP sublayer is remained to be the same. In the latter, contrastingly, the mapping rule from the priority level onto PFI in the V2X layer is kept being the same, while the priority mapping rule in the SDAP sublayer can rely on the battery consumption level. It is worthwhile noting that, with either of the beforementioned priority adjustment mechanisms, the one-to-one priority mapping from LCH onto PHY channel can not be changed, in general, except that the information of the battery consumption is available in the MAC layer. Moreover, these mechanisms can work properly not only with Rel-17 V-UE/P-UE but also with Rel-16 V-UE, without any backward compatibility issue.
Alternatively, a P-UE can simply stop performing the re-evaluation/pre-emption check procedure if the amount of battery consumed / the number of sensed slots is higher than a (pre-)configured threshold. In this case, the collision may occur if the other UEs are not aware of the situation that the P-UE stops re-evaluation/pre-emption check procedure. To avoid the collision issue, a new signaling can be introduced, e.g., in SCI or MAC CE, to inform other UEs about the situation. 
[bookmark: _Ref52527530]Partial sensing procedure should be enhanced by the mechanism of either the priority adjustment or signalling, when re-evaluation / pre-emption triggered resource reselection is supported.
Compatibility between partial sensing and DRX
As Work Item description, Rel-17 decided to specify the sidelink DRX for broadcast, groupcast, and unicast [1] in RAN2, with the details:
	· Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure.
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other.
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE


In LTE-V2X, the partial sensing procedure is mainly designed for P2V transmission, where the P-UE does not need to consider the its sidelink reception from V-UEs and/or other P-UEs. In NR-V2X, however, as discussed subsection 3.1, due to the diverse use cases [2][3], both P2V and V2P transmissions have to be taken into account. The following definitions of three P-UE types will be used hereinafter. A P-UE which implements P2V transmission is referred as a P2V UE. A P-UE which implements V2P transmission is referred as a V2P UE. A P-UE which implements both P2V and V2P transmissions is referred as a P2P UE.
Once the V-UE or P-UE acquires the resource for its transmission in mode-2, the UE, in general, needs to sense the sidelink channel, by means of decoding SCIs from PSCCH and PSSCH. If the received destination L1 ID fits to the corresponding service which the UE are interested in, the UE then decodes the data TB on PSSCH. This implies that, once the UE requires to decode the data TB on PSSCH, it must decode the SCIs therebefore. 
Consequently, the P2V UE only needs sensing without decoding the data TB, while the V2P UE and P2P UE need both sensing and the data TB decoding.
[bookmark: _Ref52545926]The P2V UE only needs sensing without decoding the data TB, while the V2P UE and P2P UE need both sensing and the data TB decoding.
As introduced in section 2, in Rel.14 partial sensing-based resource allocation mode, the sensing process should be performed before the resource (re)selection is triggered. However, the SL-DRX configuration will have impact on the partial sensing operation for P2P UEs. As exemplified in Figure 10, the DRX on-duration is not aligned with the partial sensing periods/subset. Once the DRX on-duration timer expires, the P-UE goes to the sleep mode because it is not aware that the resource selection will be triggered during the DRX off-duration. Consequently, the P-UE neither performs the sensing process in the 3rd and 4th sensing periods, nor in the sensing subsets for the aperiodic transmission. As a result, the sensing result obtained by the P-UE is not sufficient to avoid the collisions between the P-UE’s transmission and other UEs’ periodic transmissions or aperiodic transmissions. Therefore, RAN1 should take into account SL DRX configuration when designing the partial sensing in Rel.17 sidelink.
[image: ]
[bookmark: _Ref52910602]Figure 10: An example of misaligned SL-DRX on-duration and partial sensing periods / subset
[bookmark: _Ref54259090]SL-DRX configuration should be considered when designing the partial sensing procedure in Rel.17 sidelink. 
In Rel-17, RAN2 is working on sidelink DRX for broadcast, groupcast, and unicast, especially specifying the mechanism to align the sidelink DRX wake-up time among the UEs communicating with each other. The goal of the RAN2 work is to ensure the reception reliability (i.e., PRR, PIR) and minimize the power consumption for the P-UE, once the sidelink DRX is operated.
Here, we briefly discuss the scenarios of P2V, V2P and P2P, and clarify the necessity of the alignment between P-UEs and V-UEs, from the RAN2 perspective. The detailed discussion related to the sidelink DRX can be referred in our companion contribution [7].
In unicast, on one hand, the PC5 link between the peer UEs shall be established prior to the communication via PC5-S, and the RRC parameters can be exchanged via PC5-RRC messages. Thus, at least, the initial alignment of sidelink DRX wake-up time can be accomplished by a common parameter, via PC5-RRC message for instance. During the subsequent unicast service, however, the fine alignment towards the periodic traffic and/or the aperiodic traffic still needs to be further considered.
In groupcast and broadcast, on the other hand, there is no PC5 link establishment, and the system information has to rely on the pre-configuration manner if out-of-coverage. Thus, the alignment of DRX wake-up time in groupcast and broadcast seems to be more difficult than that in unicast.
Here, we attempt to clarify the impact on the alignment of DRX wake-up time for different cast types, in consideration of the scenarios of P2V/V2P and P2P. Figure 11 illustrates an example, where we exhaustively demonstrate the scenarios of transmission and reception for P2V, V2P and P2P, in unicast and groupcast/broadcast. The observations relevant to the necessity of the alignment of DRX wake-up time can be made as follows:
· In the unicast scenario V2P (2), the V-UE needs to aware the DRX wake-up time operated for the peer P-UE1 or P-UE2. Only in that occasion, the V-UE can transmit the MAC PDU and ensure the reception by the P-UE1.
· In the unicast scenario P2P (3), the DRX wake-up time operated for the P-UE1 and the P-UE2 needs to be aligned. Only in that occasion, the P-UE1 can transmit the MAC PDU and ensure the reception for the P-UE2.
· In the scenario groupcast/broadcast V2P (6), the V-UE needs to aware the DRX wake-up time operated for its grouped members (groupcast) or the P-UEs in proximity (broadcast), i.e., P-UE1 and P-UE2. Only in case that the occasions of On Duration for both P-UEs are aligned, the V-UE can transmit the MAC PDU, and ensure the reception for both P-UEs.
· In the scenario groupcast/broadcast P2V/P (7), the DRX wake-up time operated for the P-UE1 and the P-UE2 needs to be aligned. Only in that occasion, the P-UE1 can transmit the MAC PDU and ensure the reception for both V-UE and P-UE2.
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[bookmark: _Ref51417343]Figure 11: A example of the scenarios of DRX wake-up time among V-UE, P-UE1 and P-UE2.
[bookmark: _Ref52545930]In unicast, the V-UE needs to aware the DRX wake-up time operated for the peer P-UE in the scenario of V2P, and the DRX wake-up time needs to be aligned between the peer P-UEs in the scenario of P2P.
[bookmark: _Ref52545933]In groupcast/broadcast, the DRX wake-up time needs to be aligned among the P-UEs (either the grouped P-UEs or the P-UEs in proximity), and the V-UE(s) needs to aware the aligned DRX wake-up time if requiring the transmission.
The simplest way is to pre-defined a system common parameter, such as DRX-StartOffset, whereby all UEs can align the DRX wake-up time regardless of the cast types. This could, however, result in the over-alignment between the P-UEs. The detailed discussion related to the over-alignment problem and its associated solution can be referred in our companion contribution [7].
As we discussed in the subsection 3.3.1, in order to ensure the PRR and PIR performance for P-UE, the alignment of active window for the partial sensing among the associated P-UEs is inevitable from RAN1 perspective. Therefore, the active window of partial sensing should be always smaller than or equal to the On-Duration of DRX and set within the On-Duration of DRX, if we consider the alignments for the partial sensing and DRX among the associated UEs in unicast, groupcast, and broadcast.
[bookmark: _Ref52545935]In order to ensure the PRR and PIR performance for P-UE, the alignment of active window for the partial sensing and sidelink DRX among the associated P-UEs is inevitable from RAN1 perspective.
For the sake of differentiation, we denote the alignment applied in the partial sensing as the micro-alignment, while denote the alignment applied in the sidelink DRX as the macro-alignment.
In order to ensure the PRR and PIR performance, the design of the partial sensing procedure should be in line with the sidelink DRX design with the rule as follows:
· The partial sensing should be always smaller than or equal to the On-Duration of DRX;
· The partial sensing should be always activated within the On-Duration of DRX;
· The micro-alignment should be always applied on top of the macro-alignment with the same parameter, such as the destination L2 ID and/or geographical location.
Meanwhile, the study of partial sensing in RAN1 shall take into account of further input from RAN2 WGs.
[bookmark: _Ref52546031]To ensure the PRR and PIR performance, the design of the partial sensing procedure should be in line with the sidelink DRX design with the rule as follows:
b. [bookmark: _Ref52546068]The partial sensing should be always activated within the On-Duration of DRX;
c. [bookmark: _Ref52546069]The micro-alignment should be always applied on top of the macro-alignment with the same parameter, such as the destination L2 ID and/or geographical location.
Conclusions
In this contribution, we have expressed our views on the resource allocation from the partial sensing perspective. The observations and proposals are summarized as follows.
Observation 1: Aside from the periodic broadcast services, Rel. 17 V2P communication also needs to support the following service types.
a. Aperiodic broadcast services;
b. Periodic groupcast / unicast services;
c. 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 fulfil the reliability for NR-V2X unicast, if PC5-RRC messages are exchanged between the peer UEs to align the active time for partial sensing and reception.
Observation 4: The partial sensing procedure in the legacy LTE-V2X cannot fulfil the reliability at least in NR-V2X groupcast, and some new mechanisms should be introduced. 
Observation 5: In groupcast, the partial sensing with random offset destroys the sidelink transmission and reception, while the partial sensing with the same offset incurs the problem of over-alignment of active interval among P-UEs.
Observation 6: 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 group UEs, and destination-L2 ID.
Observation 7: 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.
Observation 8: The P2V UE only needs sensing without decoding the data TB, while the V2P UE and P2P UE need both sensing and the data TB decoding.
Observation 9: In unicast, the V-UE needs to aware the DRX wake-up time operated for the peer P-UE in the scenario of V2P, and the DRX wake-up time needs to be aligned between the peer P-UEs in the scenario of P2P.
Observation 10: In groupcast/broadcast, the DRX wake-up time needs to be aligned among the P-UEs (either the grouped P-UEs or the P-UEs in proximity), and the V-UE(s) needs to aware the aligned DRX wake-up time if requiring the transmission.
Observation 11: In order to ensure the PRR and PIR performance for P-UE, the alignment of active window for the partial sensing and sidelink DRX among the associated P-UEs is inevitable from RAN1 perspective.

Proposal 1: Rel.17 sidelink work should discuss the 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 a P-UE shares the resource pool with V-UEs who support the aperiodic transmission.
a. The Rel.16 resource reservation mechanism for the aperiodic transmissions should be considered in NR-V2X partial sensing.
Proposal 3: With more types of the short period traffic data supported in NR V2X, it should be studied how to enable the P-UE to share the resource pool with the V-UEs who support the short period traffic.
Proposal 4: Rel-17 supports to utilize the geographical location of group UEs 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 mechanism is supported for P-UE, the impact of the HARQ RTT related timing restriction should be considered when the P-UE determines the candidate slots.
Proposal 7: If the maximum number of HARQ transmission number which is agreed in Rel-16 can also be supported by a P-UE, the impacts on partial sensing procedure when a UE determines the number of candidate slots in the selection window should be considered.
Proposal 8: Partial sensing procedure should be enhanced by the mechanism of either the priority adjustment or signalling, when re-evaluation / pre-emption triggered resource reselection is supported.
Proposal 9: SL-DRX configuration should be considered when designing the partial sensing procedure in Rel.17 sidelink. 
Proposal 10: To ensure the PRR and PIR performance, the design of the partial sensing procedure should be in line with the sidelink DRX design with the rule as follows:
a.  The partial sensing should be always activated within the On-Duration of DRX;
b.  The micro-alignment should be always applied on top of the macro-alignment with the same parameter, such as the destination L2 ID and/or geographical location.
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Annex
The system level simulation is performed based on the simulation assumptions, listed in Table 3. Besides the results of the PRR as a function of P-UE to P-UE distance, demonstrated in Figure 7 and Figure 8, for the reference purpose, we show the relative power consumption in Figure 12, and the power consumption ratio in Figure 13 and Figure 14, for both inter-packet arrival time of 1000ms and 100ms.
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[bookmark: _Ref54208324]Figure 12: The relative power consumption for both inter-packet arrival time of 1000ms and 100ms.
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[bookmark: _Ref54208447]Figure 13: The power consumption ratio for the inter-packet arrival time of 1000ms.
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[bookmark: _Ref54208448]Figure 14: The power consumption ratio for the inter-packet arrival time of 100ms.

[bookmark: _Ref521072138]Table 3: SLS simulation assumptions.
	Attributes
	Values or Assumptions

	Number of drop
	5

	Simulation length
	5000[slots](5s) + warmup(3000[slots])

	Scenario
	base on Urban grid case of option A of 3GPP TR 37.885 V15.1.0 + R1-1811915
Groupcast in the simulation area of 1500[m]×1299[m]

	Channel model
	Pathloss：Table 6.2.1-1 of TR 37.885
Shadowing：STD 3dB, Decorrelation distance 25m
Fast fading：Section 6.2.3 in TR 37.885

	Speed of vehicle
	3 km/h

	Average number of P-UEs
	200 on average

	Carrier frequency
	5.9[GHz]

	Bandwidth
	20 [MHz] (100RBs, 1200subcarriers)

	Subcarrier spacing
	15[kHz]

	Slot length
	1[ms] (14symbols)

	Transmission power
	23[dBm]

	TX Antenna Configuration
	1 antenna

	RX Configuration
	4 antennas with λ/2 spacing

	Antenna pattern
	Omnidirectional

	Antenna height
	1.6 [m] (option A, type 2)

	Antenna gain
	3 [dBi]

	Noise figure
	9 [dB]

	Subchannel type
	PSCCH+PSSCH scheme

	Size of sub-channel
	25 RBs

	Modulation and Code rate
Error curve type of PSCCH
	QPSK, Polar coding 

	Modulation and Code rate
Error curve type
of PSSCH
	QPSK, LDPC
190byte: 25RB, R=0.339367(without PSFCH), 0.513699(with PSFCH)
300byte: 25RB, R=0.490196(without PSFCH), 0.742009(with PSFCH)

	Traffic mode
	Traffic: Model-1 (low traffic intensity)
- traffic generate vehicle rate：50%
- Inter-packet arrival time: 100, 1000 ms
- Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
- Latency requirement: 100, 1000 ms

	Resource selection scheme
	1. Mode-2 (with SCI decoded, PSSCH-RSRP)

	Threshold for excluding SCI decoded resources
	-128[dBm]

	SL_RESOURCE_RESELECTION_COUNTER
	1. The counter decremented by one after every transmission
2. Resource reselection is triggered if the counter reaches to zero (probResourceKeep=0.8)

	Repetition
	Chase combining with
the same number of sub-channels as initial Tx

	HARQ Scheme
	Option-1 HARQ with the target communication range of 320m

	Number of retransmissions
	1

	Selection Window Length
	100 slots

	Number of 1st Stage SCI resources
	3 symbols

	P-UE sensing mode
	Full sensing, Partial sensing with random offset, Partial sensing with the same offset.

	UE active interval in partial sensing, Y
	13 slots
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