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1. Introduction
For NR Sidelink Enhancement WI [1], RAN2 has the following objective:

2. 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.

· Study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]

· Inter-UE coordination with the following until RAN#90.

· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.

· Note: The study scope after RAN#90 is to be decided in RAN#90.

· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.

· Note: RAN2 work will start after [RAN#89].

In this paper, we discuss RAN2-related work for this objective, especially from the perspective of Pedestrian UE. Also, RAN2 has sent an LS [2] to RAN1 last year regarding the SL DRX impact on sensing but received no response yet. From this perspective, we also discuss possible methods to reduce the impact of SL-DRX on partial sensing scheme.
2. Discussions
2.1 Resource Allocation for Pedestrian UE (and VRU, wearable) 
In LTE V2X, resource allocation solutions for mode 2 P-UE sensing (partial sensing and random selection) are already provided. 
The reasons behind those two solutions are basically that there are two types of UEs  

1. UEs can do both TX and RX, but wants to limit its sensing to save power.
2. Low-complexity UEs which has no RX capability in SL at all.
For the first type of UE, both partial sensing and random selection can be used. Of course, partial sensing can provide better performance than random selection, so it is natural to use partial sensing for this type of UE. But for the 2nd type of UE, only random selection can be used as the UE will not be able to do sensing at all. In NR V2X or NR SL use cases, we think both two types of UE can still exist. For example, 5G ProSe may need support low power, low-complexity handheld devices or wearables. In NR V2X , we need also consider embedded devices in VRUs (pedestrians and bikers). Hence, it is reasonable to still use the above two methods as the baseline for Rel-17 enhancements.
Proposal 1
Partial Sensing and random selection can be reused as baseline solutions for mode 2 resource allocation for power-sensitive or low-complexity UEs.  
Next, we analysis whether those two solutions can still work properly and whether there are some enhancements are needed. 
2.2
Partial Sensing and SL-DRX
UEs which adopt the power sensing scheme rely on a reduced sensing history to be evaluated. For example, as shown in Figure 1 for LTE-V2X, the P-UE can look back into 1000ms sensing history, but it can skip some of the sensing results to evaluate the TX resource candidates.

[image: image1.png]Results sensed

Results sensed

Packet arrival at time m

4

Selection window [m+T1, m+T2]

-

e
..

PEovia
P T
'

T

: : -5-:—::—9::_7—7:4—

: “[u TX resource candidates

>.
time




Figure 1. Partial Sensing in LTE-V2X

In LTE-V2X, when UE conducts partial sensing for TX purpose, it depends on the assumption that the P-UE knows the exact arrival of future traffic. Therefore, based on the expected packet arrival, it can decide to skip continuous sensing, but only collect results for a small subset of subframes which will project to future candidates suitable for the reservations for future packet arrivals. In NR V2X, not only periodic traffic are supported, but aperiodic traffic are supported as well. So, the basic assumption to achieve power saving with partial sensing has collapsed. If a P-UE intends to conduct reliable sensing for unpredictable traffic, then it has to sense all the time, which defeats the purpose of power saving. If P-UE does not want to sense all the time, then follow a per-defined partial sensing configuration is insufficient to support unpredicted traffic. 
Observation 1
LTE-V2X partial sensing does not work properly with the support of aperiodic traffic in NR V2X.

For Rel-17 P-UE, it is very plausible to be configured with both SL-DRX and partial sensing at the same time for power saving. However, sensing relies on RX behavior (e.g. PSCCH monitoring). When UE discontinues the SL reception in SL-DRX, the sensing itself will still cause power consumption then it will make SL-DRX meaningless. So, if UE stops sensing during SL-DRX INACTIVE time, the sensing results will no longer available for the DRX inactive period. As a result, if packet arrival happens at time m for transmission, in the sensing window [m-1000, m-1], there are potential big gap(s) where the sensing results are eclipsed because the RX UE is in DRX sleep mode.
This problem is quite common. For instance, DRX UE listens in a small “ON” window after the sleep, if it is triggered to conduct transmission (e.g., responding to a V-UE request) in this ON period, it has hardly any sensing results for the last DRX period, makes it difficult to determine a proper TX resource. The length of gap(s) depends on the DRX configuration cycle, if the cycle is “20ms “ON” out of 320ms”, then it is potentially that the UE has only “20/320= 1/16” ratio of sensing window, crippling its sensing. The candidate TX resource are evaluated based on a very few available history when UE is not sleep, or have no sensing results to be used at all. 

Observation 2
SL-DRX, if enabled, may also cause the partial sensing not working properly.
First, we can also consider solve the problem by NW configuration. Logically, it does not make sense to require a UE to follow two different wake-up schedules to conduct different tasks. During the ACTIVE time, UE need to be able to RX and also collect all sensing history as much as possible. For instance, when NW configures UE to do partial sensing and SL-DRX, the configurations can be coordinated so that when TX UE resume TX from a DRX sleep, the sensing windows to be used for resource selection overlap as much as possible with the SL DRX Active time (e.g., SL-DRX on-Duration ).

Proposal 2
RAN2 to consider ways for NW to joint configure SL-DRX and partial sensing schedules.  
As explained above, the legacy partial sensing configuration does not accommodate aperiodic traffic, so it is essential to beef up the sensing history to prepare for unpredicted traffic. Therefore, it is advantageous for UE to sensing more as long as it does not require more wake-up. During the ACTIVE time, UE need to be allowed to do sensing, beyond its partial sensing configurations.
Proposal 3
When SL-DRX and Partial Sensing are both configured, P-UE is allowed to conduct sensing in each slot of DRX ACTIVE time, not limited to the partial sensing configuration. 

Some other enhancements to avoid bad sensing candidate in lieu of SL-DRX can be considered. For example, when conducts partial sensing, the UE can evaluate whether the candidate SL resource is sufficiently sensed, as compared with some minimum requirements. If not, then this resource shall be deprioritized in the selection process. If there is no sufficient good resource, UE can also do random selection. So far, RAN1 has also discussed to introduce “contiguous partial sensing” after packet arrival to enhance the partial sensing scheme. We think this partially relieve the P-UE from the duty of diligently collect sensing results before the packet arrival (e.g., the legacy LTE-V2X partial sensing scheme). Based on this aspect, we think it is perfectly fine to de-prioritized the legacy partial sensing configuration and skip the sensing when it falls out of DRX ACTIVE window. With this approach, the power saving benefits is maximized. Of course, a few exception still can be considered to ensure R17 contiguous partial sensing can still work.
Proposal 4
When SL-DRX and Partial Sensing are both configured, P-UE is not required to conduct sensing in DRX INACTIVE time. FFS exceptions.  

2.3
Random Selection and Inter-UE coordination
UEs using random selection for resource allocation are probably low-complexity UEs, as explained earlier. For example, as shown in Figure 2, the P-UE may have DL/UL support in Uu interface, but only implement TX capability in Sidelink interface, but not RX chain in sidelink carrier. 
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Figure 2. TX-only P-UE

In this case, the UE just random picks a resource from the TX pool. However, the resource selected by the TX UE in this way is of low quality, and probably will cause collisions issues with transmissions from other P-UE or V-UE. As no HARQ feedback can be used for TX-only P-UE, the reliability of such a transmission is very questionable. 
As required by WID [1], one of the objectives of RAN work for NR Sidelink is to evaluate whether inter-UE coordination methods for can help to improve performance issues (such as poor reliability) with mode 2 UEs. For TX-only UE which uses mode 2 random selection for resource allocation, this actually not going to work because the vehicle UE in Figure 2 cannot send any signaling message to P-UE to coordinate its resource allocation. Hence, we think it makes sense to consider some alternative solution for this scenario. As UE are still be possibly communicated with gNB, the gNB may take some measure to improve the reliability of SL transmission of this UE. For example, if informed by other UE (e.g., V-UE) about the performance issue, the gNB can reconfigured the P-UE with a new resource pool which excluding the problematic resources. 
Proposal 5
Inter UE-gNB coordination for mode 2 random selection is considered to enhance the reliability of SL communication of TX-only UE.
3. Conclusions

In this paper, we have discussed the resource allocation issue for NR SL enhancements and have the following observations:

Observation 1
LTE-V2X partial sensing does not work properly with the support of aperiodic traffic in NR V2X.

Observation 2
SL-DRX, if enabled, may also cause the partial sensing not working properly.
Then, we have the following proposals:

Proposal 1
Partial Sensing and random selection can be reused as baseline solutions for mode 2 resource allocation for power-sensitive or low-complexity UEs.  
Proposal 2
RAN2 to consider ways for NW to joint configure SL-DRX and partial sensing schedules.  
Proposal 3
When SL-DRX and Partial Sensing are both configured, P-UE is allowed to conduct sensing in each slot of DRX ACTIVE time, not limited to the partial sensing configuration. 

Proposal 4
When SL-DRX and Partial Sensing are both configured, P-UE is not required to conduct sensing in DRX INACTIVE time. FFS exceptions.  
Proposal 5
Inter UE-gNB coordination for mode 2 random selection is considered to enhance the reliability of SL communication of TX-only UE.
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