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In RAN #86, the WID of R17 SL Enhancement was agreed and one of the main motivations is to achieve enhanced reliability and reduced latency as shown below [1].  
· Enhanced reliability and reduced latency allow the support of URLLC-type sidelink use cases in wider operation scenarios. The system level reliability and latency performance of sidelink is affected by the communication conditions such as the wireless channel status and the offered load, and Rel-16 NR sidelink is expected to have limitation in achieving high reliability and low latency in some conditions, e.g., when the channel is relatively busy. Solutions that can enhance reliability and reduce latency are required in order to keep providing the use cases requiring low latency and high reliability under such communication conditions. 
It is identified in the WID to study Mode 2 resource allocation enhancement solutions for this purpose.  Inter-UE coordination is one of the proposed studies. 
The other main motivation and working area of R17 SL enhancement is power saving as proposed below ([1]):
· Power saving enables UEs with battery constraint to perform sidelink operations in a power efficient manner. Rel-16 NR sidelink is designed based on the assumption of “always-on” when UE operates sidelink, e.g., only focusing on UEs installed in vehicles with sufficient battery capacity. Solutions for power saving in Rel-17 are required for vulnerable road users (VRUs) in V2X use cases and for UEs in public safety and commercial use cases where power consumption in the UEs needs to be minimized.
Thus, SL DRX procedure for broadcast, groupcast and unicast will be introduced in R17 SL enhancement.  The design of the procedure will include among others ON/OFF duration definition, alignment of DRX wake-up time among UE communicating to each other and alignment of SL and Uu DRX wake-up time in an in-coverage UE.  Currently, the scope of R17 SL DRX design is within RAN2 as proposed in [1].    
In this contribution, we discuss the SL multi-carrier operation as another candidate solution for enhanced reliability and reduced latency in R17 SL operation.  Also, we examine the implication of SL DRX on PHY layer operation, especially pertaining to the sensing procedure in Mode 2, and thereby potential work required in RAN1.   
Discussion
 Multi-carrier operation
It was discussed during RAN #86 that multi-carrier operation should be considered as a candidate solution for R17 SL design with a scope specified below:
· Rel-15 LTE eV2X solution can be reused (e.g., multiplexing of different services on different carriers, packet duplication at PDCP layer, etc.)
· Only one SL BWP can be activated in a SL carrier at a given time from the UE perspective
Packet duplication at PDCP layer is adopted in Rel-15 LTE eV2X specifically for the purpose of increasing reliability.  The duplication is dependent on PPPR of the packet and the duplicated PDCP PDUs of the same PDCP entity are transmitted on different sidelink carriers.  In addition, the UE supports TX carrier (re)selection procedure when configured with SL transmission over multiple carriers for a logical channel.  The (re)selection of the carriers can be based on CBR, which also improves reliability of the transmission.  
With demonstrated benefit of enhanced reliability, a similar multi-carrier operation based on R15 LTE eV2X solution should be included in R17 SL enhancement.  Due to TU limit, a baseline multi-carrier operation enabling packet duplication at PDCP layer can be considered first with accompanying functionalities of synchronization and handling of limited TX/RX capability.  R15 LTE eV2X solutions can be re-used as much as possible. 
Proposal 1: Support a baseline SL multi-carrier operation to enable packet duplication at PDCP layer over multiple carriers to increase reliability of R17 SL transmissions. 
RAN1 impact of SL DRX operation 
Uu DRX operation is based on UE RX activities during the configured periodic ON and OFF durations.  A UE performs PDCCH monitoring within an ON duration and switches off the RF reception completely within an OFF duration, e.g. in a deep sleep.  This basic Uu DRX behavior can be a baseline for SL DRX design as discussed in [2].  Analogous to UE PDCCH monitoring, the UE SL monitoring of both 1st and 2nd stage SCI can be turned off within SL OFF duration to achieve power saving.  However, re-using such UE behavior can have impact on SL PHY layer, e.g. sensing procedure.  
In both LTE and NR R15 V2X operation, a Mode 2 UE performs SCI monitoring and decoding on a continuous basis in the sensing procedure and PHY layer can be required to process the decoded SCI results within a sensing window (e.g. 1000 ms) when triggered by higher layer and provide a candidate resource set for  resource selection.  With SL DRX operation, the sensing window can overlap with one or multiple SL OFF durations depending on the DRX configuration and the lack of SCI decoding data within OFF durations can cause sub-optimal resource selection for Mode 2 SL transmissions.    
The objective of specifying resource allocation mechanism to reduce power consumption is included in R17 SL Enhancement WID [1].  In our opinion, this work area can be extended to evaluating the impact of SL DRX operation on the resource selection mechanism (e.g. the sensing procedure) and striving for a solution that harmonizes SL DRX operation and resource allocation mechanisms.  For example, the resource selection based on partial sensing or random selection can take SL DRX configuration into account.  Also, an alternative UE SCI monitoring during DRX operation can be considered, e.g. a SL power saving state with UE monitoring of 1st stage SCI only for the sensing purpose.    
Proposal 2: Evaluate RAN1 impact of SL DRX operation e.g. on UE resource selection in Mode 2. 
Conclusion
In this contribution, we discussed the benefit and motivation to include a baseline multi-carrier operation in R17 SL design for enhanced reliability and reduced latency. In addition, we examined the potential impact of SL DRX on SL PHY layer operation.  We propose the following:
Proposal 1: Support a baseline SL multi-carrier operation to enable packet duplication at PDCP layer over multiple carriers to increase reliability of R17 SL transmissions. 
Proposal 2: Evaluate RAN1 impact of SL DRX operation e.g. on UE resource selection in Mode 2.
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