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Introduction
As in Work Item description, Rel-17 decided to enhance the reliability and reduced the latency which allow the support of URLLC-type sidelink use cases in wider operation scenarios [1], with the following details:
	· 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.


Moreover, in RAN #83 meeting of Rel-16, the new WID in NR-V2X sidelink resource allocation has been approved [2], as follows:
	· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE:
· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only;
· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE.


In the enhancement of URLLC-type sidelink, the important requirement is related to the high reliability and low latency. To this regard, the discussion on support for simultaneous configuration of Mode 1 and Mode 2 for a UE shall be continued and the enhanced mechanism shall be supported in Rel-17.
Discussion
Reliability and Latency in Rel-16
NR-V2X supports vehicle platooning, advanced driving, extended sensors, and remote driving [3]. The communication for those services (except for remote driving) relies on PC5 sidelink communication, in general requiring high reliability and low latency. According to the study on enhancement for 5G V2X services, considering fully automated driving application for example, the potential requirements shall be fulfilled with:
· Vehicle platooning: 10ms latency and 99.99% reliability;
· Sensor and State Map Sharing (SSMS): 3-10ms latency and 99.99-99.999% reliability;
· Automated Cooperative Driving: 3-10ms latency and 99.99-99.999% reliability.
For this regard, Rel-16 has worked on PHY, MAC, RLC, and PDCP layers, in order to fulfil such stringent requirements.
In PHY layer, CSI feedback mechanism is employed in unicast by means of MAC-CE in the aperiodic manner. This assists the link adaptation and offers the high reliability for unicast communication.
In MAC layer, HARQ entity in unicast communication enables to employ Option-2 HARQ, while HARQ entity in groupcast communication enables to employ Option-1 and Option-2 HARQ. Therefore, somewhat reliability can be ensured for both unicast and groupcast communications. 
Moreover, the different schedule mechanisms in mode-1 can be selected with dynamic grant, configured grant (CG) type 1 and configured grant (CG) type 2. The dynamic grant offers the best reliability but suffers the large delay due to the SR-based request and PDCCH-based grant, and CG type 1 and type 2 offer better reliability than mode-2 but are only available in the fixed transmission timing.
Besides, the mechanism relying on the UE autonomous resource selection in mode-2 is an additional choice, which enables to provide the instant sidelink transmission after sensing but with less guaranty in the reliability.
In RLC layer, both UM/AM modes are supported for unicast, while only UM is supported for groupcast and broadcast. The reliability in groupcast cannot be further improved.
In PDCP layer, PDCP duplication is not supported although it has been supported in LTE-V2X. 
Consequently, the reliability for unicast can be fulfilled relying on CSI feedback in PHY layer, HARQ process in MAC layer, and ARQ in RLC layer. For groupcast, however, only HARQ mechanism with Option-1 and Option-2 is available, and the stringent reliability has to be fulfilled within the MAC layer.
[bookmark: _Ref51920211]The stringent reliability in groupcast cannot be fulfilled in Rel-16.
The MAC entity in the transmitter can determine the resource relying on different mode configurations in Rel-16 with mode-1 and mode-2. On one hand, in mode-1 based sidelink communication, thanks to the centralized scheduling mechanism, the reliability can be ensured with a certain level, but the latency cannot be guaranteed. In mode-2 based sidelink communication, on the other hand, thanks to the instant UE autonomous resource selection after sensing, the latency can be ensured but the reliability cannot be guaranteed. Consequently, the fulfilment of both reliability and latency is still a remained issue, which cannot be efficiently resolved in Rel-16.
[bookmark: _Ref51920243]Both stringent reliability and latency cannot be efficiently fulfilled in Rel-16.
Dual-Mode Configuration and Mode Selection
[bookmark: _Hlk43458653]In the current RRC specification [4], if a UE is in RRC_CONNECTED mode, the UE can be configured with mode-1 and/or mode-2. Although RRC layer allows both modes to be configured simultaneously, the relevant UE operation is still suspended in MAC specification with the notes as, “if the MAC entity has been configured by RRC to transmit using SL-RNTI or SLCS-RNTI but is configured by RRC to transmit using a pool of resources in a carrier as indicated in TS 38.331, the MAC entity can create a configured sidelink grant on the pool of resources only after releasing other configured sidelink grant(s), if any.”
[bookmark: _Ref51920246]The RRC layer enables the simultaneous dual-mode configuration, but MAC layer is not ready to allow the relevant UE to operate in both modes simultaneously.
Dual-mode transmission should be further discussed in Rel-17. 
In the RRC configuration, the granularity of mode configuration could be further taken into account, with the impacts on SL LCP (LCH Prioritization). It is believed that the modes could be configured per UE, per service type, per PC5 QoS characteristics, per sidelink radio bearer, or per SL LCH.
As the pre-conditions, if an aperiodic packet arrives associated with a PC5 QoS, requiring a stringent low latency and high reliability (or high PRR), this packet is preferred to use dual-mode transmission with the corresponding mode configuration. For the granularity of mode configuration, the transmission modes can be configured with e.g., a SLRB-ID. Each SL-LCH is merely associated with one of modes, namely mode-1, or mode-2, or dual-mode. This offers more freedom and dimensions for V2X UE to select a mode with fine granularity, which properly fits the QoS required in diverse services. 
[bookmark: _Ref51920266][bookmark: _Hlk71383930]The mode can be configured per UE, per service type, per PC5 QoS characteristics, per sidelink radio bearer, or per SL LCH, but each SL-LCH is merely associated with one of modes, namely either mode-1, or mode-2, or dual-mode.
How to map the LCH into the sidelink resources associated with either mode-1 or mode-2 relies on the TX UE’s MAC decision by considering the service requirement fulfilment. For example, based on dynamic grant, and configured grant type-1/type-2, MAC entity can rely on mode-1 mechanism, and based on the sensing procedure, MAC entity can select the resource relying on mode-2 mechanism.
As the pre-conditions, the TX UE is configured with the Tx resource pools potentially utilized with different modes. This implies that, if an aperiodic packet arrives with the stringent latency and reliability requirements, the TX UE’s MAC can select the resources relying on the dual-mode configuration. 

Figure 1 exemplifies the candidate resources which are available with dual-mode configuration. It can be observed that within the required delay budget , there are multiple candidate resources relying on either mode-1 or mode-2. Therefore, the resource selection procedure (including transmission mode selection and mode order) needs to be carefully considered in consideration of PRR performance.
[image: ]
[bookmark: _Ref45184831]Figure 1: Example of resource selection in consideration of dual-mode transmission.
[bookmark: _Ref51920250]With dual-mode configuration, there are multiple candidate resources potentially selected for sidelink transmission, relying on either mode-1 or mode-2 within the required delay budget.
If a dual-mode is configured, for unicast, groupcast, or broadcast, MAC entity can dynamically select the resources for initial transmission and retransmission(s), relying on the reliability and delay budget, with the possible combinations of transmission modes:
· Mode-2, and then mode-1;
· Mode-1, and then mode-2;
· Mode-1, and mode-1;
· Mode-2, and mode-2.
[bookmark: _Ref51920269]MAC entity dynamically selects the resources for initial transmission and retransmission(s), relying on the reliability and delay budget, with the possible combinations of transmission modes: “mode-2 and then mode-1”, “mode-1 and then mode-2”, “mode-1 and mode-1”, or “mode-2 and mode-2”.
Conclusions
In this contribution, we have considered the enhancement of URLLC-type sidelink, and discussed to support simultaneous configuration of Mode 1 and Mode 2. The following observations and proposals should be taken into account in NR-V2X sidelink:
1. The stringent reliability in groupcast cannot be fulfilled in Rel-16.
1. Both stringent reliability and latency cannot be efficiently fulfilled in Rel-16.
1. The RRC layer enables the simultaneous dual-mode configuration, but MAC layer is not ready to allow the relevant UE to operate in both modes simultaneously.
1. With dual-mode configuration, there are multiple candidate resources potentially selected for sidelink transmission, relying on either mode-1 or mode-2 within the required delay budget.

1. Dual-mode transmission should be further discussed in Rel-17. 
The mode can be configured per UE, per service type, per PC5 QoS characteristics, per sidelink radio bearer, or per SL LCH, but each SL-LCH is merely associated with one of modes, namely  mode-1, or mode-2, or dual-mode.
MAC entity dynamically selects the resources for initial transmission and retransmission(s), relying on the reliability and delay budget, with the possible combinations of transmission modes:  “mode-2 and then mode-1”, “mode-1 and then mode-2”, “mode-1 and mode-1”, or “mode-2 and mode-2”. 
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