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1. Introduction
In this contribution, we provide some simulation results to investigate the performance for the SL enhancement in [1].

2. Sidelink Evaluation Results 
1 
2 
Evaluation for full sensing, partial sensing and random selection
In this section, we present preliminary evaluation results for SL power saving resource allocation mechanisms. The first set of results compare Packet Reception Ratio (PRR) and power consumption of four schemes below:
1. Full sensing with re-evaluation and pre-emption. This serves as the baseline scheme for Rel-16 performance.
2. Random selection without re-evaluation and pre-emption check. This is the LTE random selection scheme without considering any of the NR SL enhancements introduced in Rel-16.
3. Initial random selection with re-evaluation and pre-emption, this can be considered as a variant of partial sensing. 
4. Partial sensing with sensing window corresponding to intra-period reservation, sensing window corresponding to inter-period reservation, and re-evaluation/pre-emption check. Further details on this scheme is provided in [2].
This simulation is performed for V2X periodic traffic with a period of 100 ms, and with up two transmissions. The ring size is 20 meters.
For initial random selection with re-evaluation and pre-emption check, after a single-slot resource has been randomly selected for (re-)transmission of a SL packet or for signalling as a reserved resource for retransmission, the single-slot SL resource is re-evaluated/re-checked for pre-emption. For random selection, there is no sensing before a resource is selected for transmission. After a resource has been selected, sensing can be performed for re-evaluation pre-emption check. The re-evaluation and pre-emption can be based on the signalled reserved resources in the SCI.
Figure 1 shows the PRR performance of four schemes above. As illustrated in the figure, compared with full sensing, partial sensing have acceptable PRR performance degradation. PRR of random selection is further decreased, but by introducing re-evaluation and pre-emption check to random selection scheme, the performance gap between random selection and full sensing is reduced.

Figure 1. Packet Reception Ratio (PRR) of four resource allocation schemes

Table 1 shows the relative power consumption of the different resource allocation mechanisms. The power is normalized to that of full sensing based on Rel-16 NR SL. As illustrated in Table 1, partial sensing could effectively reduce the power consumption. The reason is that sensing constitutes the main part of overall Mode 2 transmission, and the slots to be sensed in partial sensing scheme is further reduced than full sensing. In addition, since PRR decrease is moderate, the increase of retransmission in partial sensing is very limited thus have no strong impact on system level power consumption.
It can also be observed from Table 1 that the introduction of re-evaluation and pre-emption check to random selection increases the power consumption by about 18%, but improves the PRR performance as illustrated in Figure 1. When compared to full sensing, random selection with re-evaluation and pre-emption check reduces power consumption by 70%. It would seem that random selection with re-evaluation and pre-emption check can be a good power/performance trade-off point between full sensing and random selection.

Table 1. Average power consumption of full sensing, partial sensing and random selection
	Sensing scheme
	Full sensing
	Partial sensing
	Random selection with pre-emption and re-evaluation
	Random selection

	Power consumption (%)
	100
	56.85
	30.74
	12.58



Observation 1: There is a trade-off between power consumption and performance. Both partial sensing and random selection with re-evaluation and pre-emption check can be a good power/performance trade-off point between full sensing and random selection.
Proposal 1: Considering trade-off between power saving and performance gain, both re-evaluation and pre-emption with power saving mode(s) can be enabled/disabled by resource pool (pre-) configuration.

Evaluation for periodic-based partial sensing and contiguous partial sensing
In this section, we present preliminary evaluation results for SL power saving resource allocation mechanisms. The first set of results compare Packet Reception Ratio (PRR) and power consumption of four schemes below:
1. Partial sensing including periodic-based partial sensing, contiguous partial sensing before and after trigger slot. In this scheme, periodic-based partial sensing is used only for periodic traffic at TX side, contiguous partial sensing before trigger slot is used for periodic traffic at TX side, and contiguous partial sensing after trigger slot is used for aperiodic traffic at TX side. A fixed window with length of 20 slots is used for contiguous partial sensing after trigger slot to simplify evaluation model.
2. Periodic-based partial sensing only. In this scheme the traffic pattern at TX UE side is setting as pure periodic traffic but resource pool can have separate traffic patterns.
3. Contiguous partial sensing only. In this scheme, contiguous partial sensing before trigger slot is used for periodic traffic at TX side, and contiguous partial sensing after trigger slot is used for aperiodic traffic at TX side with a 20 slots window size similarly.
This simulation is performed for V2X periodic traffic with a period of 100 ms, and with up two transmissions. The ring size is 20 meters. Traffic pattern within a resource pool may include periodic traffic and aperiodic traffic, and percentage of each pattern are shown in the figure. No re-evaluation or pre-emption is enabled in the evaluations.
Figure 2 shows the PRR performance of 3 schemes above with 4 different scenarios: 2/3 periodic and 1/3 aperiodic traffic, half-to-half periodic and aperiodic traffic, 1/3 periodic and 2/3 aperiodic traffic, and pure periodic traffic within a resource pool. As illustrated in the figure, the PRR performance of each resource allocation scheme is changed depending on traffic pattern within resource pool. In a mixed pool, since each of periodic-based partial sensing and contiguous partial sensing could only monitor a specific pattern of collisions, enabling both partial sensing schemes is beneficial to improve system level PRR performance. In a pool with pure periodic traffic, it can be observed that PRR performance mainly benefits from periodic-based partial sensing, and additional use of CPS could slightly increase overall PRR performance, since the retransmissions of periodic traffic that not indicated in SCI of initial transmission can be monitored by contiguous partial sensing but may not be covered by periodic-based partial sensing window.

Figure 2. PRR of three partial sensing schemes

Table 2 shows the relative power consumption of the different partial sensing mechanisms. The power is normalized to the combination of periodic-based partial sensing and contiguous partial sensing (including pre- and post- cases) to simplify the comparison. In this simulation, Preserve = [100, 200, 300… 1000], k corresponding to most recent sensing occasion and 10 candidate slots in each sensing procedure is used. Sensing window of contiguous partial sensing is fixed to 31 for pre-sensing, and considering the impact of remaining PDB it is fixed to 20 for post-sensing.
As illustrated in Table 2, the overall power consumption of single partial sensing scheme is decreased compared with combined partial sensing schemes, and is also influenced by traffic pattern. However, it should be noted that power consumption of periodic-based partial sensing is more variable that depending on number of Preserve values, k, and candidate slots. In the simulation periodic-based partial sensing occupies larger percentage, since a large set of periods are simulated (10 periodicities*1 period*10 candidates=100-slot sensing window size, much larger compared with fixed window size of 31 or 20 for contiguous partial sensing). If the number of candidate slots or periodicities decrease, the power consumption of periodic-based partial sensing is also decreased and may be lower than contiguous partial sensing. On the contrary, if the number of candidate slots or k values increase e.g. 20 candidate slots for each sensing procedure, the power consumption of pure periodic-based partial sensing will further increase and may be much higher than the combination of periodic-based partial sensing and contiguous partial sensing, since PRR performance loss of pure periodic-based partial sensing will correspondingly increase number of retransmissions thus increase total power consumption. Therefore, the utilization of periodic-based partial sensing and contiguous partial sensing should consider actual transmission environment and status e.g. priority and PDB requirement, traffic patterns of neighbour UE, resource pool configuration, etc. 

Table 2. Average power consumption of partial sensing schemes
	Sensing scheme
	PBPS+CPS
	PBPS only
	CPS only

	Power consumption (%)
2/3 periodic, 1/3 aperiodic
	100
	81.13
	36.22

	Power consumption (%)
1/2 periodic, 1/2 aperiodic
	100
	89.51
	31.88

	Power consumption (%)
1/3 periodic, 2/3 aperiodic
	100
	94.26
	30.97

	Power consumption (%)
Pure periodic
	100
	77.89
	N/A



Observation 2: The PRR performance and power consumption of periodic-based partial sensing and contiguous partial sensing is influenced by traffic pattern in resource pool. Power consumption of single partial sensing can be higher or lower than combination of the two schemes, depending on detailed parameters and resource pool configuration.
Proposal 2: In a given resource pool, support enabling both periodic-based partial sensing and contiguous partial sensing.
· Further discuss the conditions of enabling/disabling periodic-based partial sensing and contiguous partial sensing.

3. Views on RRC Parameters
After RAN1#106-e, there was an email discussion on RRC parameters for Rel-17 features for companies to exchange views. In this section we present our views for RRC parameters
Regarding resource allocation for power saving, the following RRC parameters were discussed in the email discussion:
· allowedResourceSelectionConfig: This parameter determines the type or types of sensing supported by a resource pool, which could include random resource selection (no sensing), partial sensing and full sensing. We support the need for this parameter per resource pool.
· minNumCandidateSlots: This parameter determines the minimum number of candidate slots Y in the resource selection window. We support the need for this parameter. However, RAN1 should further discuss the configuration range of this parameter, i.e. if it is configured per resource pool (as suggested in the email discussion), or per UE or can be dependent on the traffic type.
· periodicSensingOccasionReservePeriodList: This parameter determines the periodicities used for periodic-based partial sensing. We support the need for this parameter per resource pool.
· additionalPeriodicSensingOccasion: This parameter determines if additional occasions should be sensed in addition to the most recent sensing occasion. There was a discussion, on whether this parameter should be configured per sensing periodicity or if it is common across all sensing periodicities. We slightly prefer having this parameter configured per sensing periodicity. Sensing periodicities can vary in duration from a few slots to 100’s of slot, in some cases shorter sensing periodicities can have additional sensing occasions, when compared to longer sensing periodicities without incurring an increase in the overall sensing duration. This flexibility should be left to system operators to configured.
Regarding inter-UE co-ordination enhancements for Mode2, no RRC parameters where included in the final outcome of the email discussion due to limited progress in this agenda item.
In RAN1#106-e, it was agreed the following schemes are supported:
· Scheme 1 with preferred resources
· Scheme 1 with non-preferred resources
· Scheme 2 with potential/expected resource conflict.

We think that there should be higher layer parameters to enable or disable each of these schemes per resource pool. RAN1 should discuss whether more than one scheme can be enabled in the same resource pool.
Furthermore, on a per UE-basis, there should be a higher layer parameter to enable each of these schemes to be UE-A or UE-B. For example, there can be three higher layer parameters with the following parameter ranges that enable or disable these schemes on a per UE basis:
· Scheme1-Perefered: {Disabled, UE-A_Enabled, UE-B_Enabled, UE-A_and_UE-B_Enabled}
· Scheme1-Non-Perefered: {Disabled, UE-A_Enabled, UE-B_Enabled, UE-A_and_UE-B_Enabled}
· Scheme2: {Disabled, UE-A_Enabled, UE-B_Enabled, UE-A_and_UE-B_Enabled}

RAN1 should further discuss, on a per UE basis, whether more than one scheme can be enabled at the same time for the same UE type (UE-A or UE-B).
4 Conclusions
This contribution presents preliminary SL evaluation results for power saving resource allocation schemes, and discusses potential RAN1 impacts of Rel-17 NR sidelink relay. Based on the discussion, the following observation and proposals have been made:
Observation 1: There is a trade-off between power consumption and performance. Both partial sensing and random selection with re-evaluation and pre-emption check can be a good power/performance trade-off point between full sensing and random selection.
Proposal 1: Considering trade-off between power saving and performance gain, both re-evaluation and pre-emption with power saving mode(s) can be enabled/disabled by resource pool (pre-) configuration.
Observation 2: The PRR performance and power consumption of periodic-based partial sensing and contiguous partial sensing is influenced by traffic pattern in resource pool. Power consumption of single partial sensing can be higher or lower than combination of the two schemes, depending on detailed parameters and resource pool configuration.
Proposal 2: In a given resource pool, support enabling both periodic-based partial sensing and contiguous partial sensing.
· Further discuss the conditions of enabling/disabling periodic-based partial sensing and contiguous partial sensing.
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