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1 Introduction
At RANP#83 meeting, a WI on NR V2X was approved [1], and one of the objectives is as following:

	· Sidelink physical layer procedures as per the study outcome

· HARQ procedures [RAN1, RAN2]


And in the SI phase, it was agreed that the HARQ retransmission w/o feedback is supported for NR SL broadcast in RAN2 #104 meeting [2]:

Agreements on MAC:

3:
Sidelink HARQ transmissions (w/o HARQ feedback) and Sidelink process are supported at least for NR sidelink broadcast. RAN2 should further discuss potential enhancements to sidelink HARQ operation, considering RAN1 progress.

As also agreed above, in order to support high reliability requirements for some advanced NR V2X services, potential enhancements should be considered for HARQ retransmission in SL broadcast on the basis of the LTE baseline. 
In this contribution, therefore, we will focus on reliability enhancements for broadcast communication in NR sidelink, including reliability based flexible HARQ retransmission and the guaranteed actual retransmission time mechanism.
2 Discussion
2.1 Reliability based flexible HARQ retransmission 
In LTE V2X sidelink communication, blind HARQ retransmission for broadcast is applied, and the retransmission time can be configured as either zero or one, with the purpose to guarantee about up to 95% reliability requirement of basic V2X services [3]. As described in [4] and [5], advanced V2X services should be supported by NR V2X, having different characteristics and diversified performance requirements. 
In NR V2X, a maximum of 95% reliability requirement is not enough for various advanced V2X services, which may apply broadcast communication. For example, in Collective Perception of Environment (CPE) [5, 5.6], vehicles can exchange real time information among each other in the neighbour area. In phase I of CPE, 99% reliability is required. Besides, in cooperative collision avoidance of connected automated vehicles [5, 5.9], to enable vehicles to better evaluate the probability of an accident, data from sensors, list of actions like braking and accelerating commands, etc., are exchanged amongst vehicles, which we think can apply broadcast. In this scenario, 99.99% reliability for safety coordinated driving manoeuvre should be guaranteed. 
Based on above analysis, we find multiple reliability levels may need to be supported for different advanced V2X services, such as 99% and 99.99%, for NR sidelink broadcast. However, even for the 99% reliability, the one HARQ retransmission seems not enough. Therefore, in order to adapt to various reliability levels of different V2X services applying broadcast, flexible HARQ retransmission time should be considered.
Proposal 1: Flexible HARQ retransmission where the time of retransmission are adaptive to various reliability levels should be considered.

In LTE V2X [6], when a UE is configured to apply LTE sidelink mode-3, the retransmission time will be decided by the eNB and carried in the DCI for sidelink resource scheduling. While for a UE configured to apply LTE sidelink mode-4, the retransmission time associated with UE speed range and/or "CBR-PPPP" combination can be configured [7]; when resource (re-)selection is triggered, the MAC entity will determine the number of HARQ retransmissions by considering UE's actual speed, CBR in the Tx pool and PPPP of the data to be transmitted, as described below [6]:

	“-
select the number of HARQ retransmissions from the allowed numbers that are configured by upper layers in allowedRetxNumberPSSCH included in pssch-TxConfigList and, if configured by upper layers, overlapped in allowedRetxNumberPSSCH indicated in cbr-pssch-TxConfigList for the highest priority of the sidelink logical channel(s) allowed on the selected carrier and the CBR measured by lower layers according to [6] if CBR measurement results are available or the corresponding defaultTxConfigIndex configured by upper layers if CBR measurement results are not available;”


The basic logic here is that when a UE moves with a high speed, and the channel load is high and/or the priority of data available for transmission is high, the UE may choose to use more blind HARQ retransmission time. However, PPPP is a QoS parameter reflecting the delay budget of a packet, which can be taken just as the latency requirement for LTE V2X sidelink communication. In addition, speed and CBR cannot reflect the required reliability level of a V2X service either. Thus, the legacy LTE mechanism to determine the number of HARQ retransmissions seems not to have fully consideration on the reliability level required by V2X services.

As shown in [4] and [5], for some advanced V2X services, the performance requirements include not only end-to-end latency and reliability, but also data rate and message Tx frequency and so on. A typical example is emergency trajectory alignment between UEs supporting V2X application [5, table 5.3-1] where safety-critical messages should be broadcast to other road users. The legacy PPPP and PPPR are not sufficient to reflect the performance requirements of these advanced V2X services. In SA2, therefore, a PQI based QoS model for the advanced V2X services is considered to be adopted in NR sidelink instead [8], and reliability is one of the QoS metric included. Then, in NR sidelink, we think HARQ retransmission time for broadcast should be associated with the actual reliability requirements of those advanced V2X services which can be reflected by PQI/QFI. 
In NR sidelink mode-1, the reliability requirements of the data in buffer may need to be reported to the gNB through SR and/or BSR, and the gNB may decide proper retransmission time based on the QoS requirements (specifically reliability demand) of the sidelink LCHs reflected by the SR/BSR. By contrast, for NR sidelink mode-2, the gNB may configure the number of retransmissions associated with each PQI/QFI, so that the MAC entity may determine the specific number of HARQ retransmissions based on the PQI/QFI of the V2X packets to be transmitted.
Proposal 2: For NR sidelink mode-1, the gNB determines the number of retransmissions for the UE's broadcast services based on the QoS (reliability) requirements of the sidelink LCHs reflected by the SR/BSR. Details are up to gNB implementation. 

Proposal 3: For NR sidelink mode-2, HARQ retransmission time should be associated with the reliability requirements of V2X services, which may be reflected by PQI/QFI.
2.2 Guaranteed actual retransmission time mechanism
In LTE V2X, when the number of total HARQ retransmission is configured as one for a Tx UE, two sidelink transmission opportunities are provided to each sidelink MAC PDU. There are several reasons which make the actual HARQ transmission time of a MAC PDU less than two, even if the HARQ retransmission time is configured as one. One reason is that when a sidelink transmission opportunity locates in a sidelink discovery gap, this sidelink transmission opportunity has to be dropped. Another reason is that when a sidelink transmission opportunity and an uplink transmission happen to collide in the same subframe on the same carrier, the sidelink transmission opportunity will be dropped, if the transmission of V2X sidelink communication is not prioritized over uplink transmission. For example, when uplink transmission is an emergency call or an Msg3 transmission, it will be prioritized over sidelink transmission. Such phenomenon that the actual retransmission time is less than the configured one may mainly occur for mode-2, in which case the gNB does not know where the resources selected by the UE actually are, thus configuring the gap and/or scheduling Uu resources colliding with the sidelink transmission opportunities. 
Due to above causes, the configured retransmission time may not be always equal to the actual retransmission time in sidelink. As discussed above, we think the configured retransmission time should be derived from the reliability requirements of V2X services. Then, if the actual retransmission time of a sidelink MAC PDU is less than the configured value, the reliability requirements of some services may not be really fulfilled. Hence, we propose RAN2 to design mechanisms to ensure actual retransmission time being equal to the configured retransmission time. 
Observation 1: In LTE V2X, the configured retransmission time may not always equal to the actual retransmission time in sidelink, causing the reliability requirements of some services hardly being fulfilled.
The following two candidate options may be taken into account to address the issue identified in Observation 1 and provide guaranteed retransmission time of SL broadcast: 
· Option 1: In NR sidelink mode-2, the UE can be configured with a retransmission time (including both new transmission and retransmission) which is larger than the actual retransmission time required by the corresponding data; when selecting resources for a given MAC PDU, the UE can select the resources with the transmission opportunities following the configured retransmission time. Thus, if some transmission opportunities are dropped due to any of the aforementioned reasons, there are additional transmission opportunities to ensure the MAC PDU to be transmitted with actual retransmission time required. By contrast, if there are surplus transmission opportunities when the UE finishes the required time of retransmissions in sidelink, these redundant opportunities will be released or used for subsequent new transmissions. Take Fig.1 as an example: when the data actually needs to be transmitted twice in sidelink to guarantee its reliability, the UE may select totally four transmission opportunities for its transmission as per gNB configuration, and after it actually transmits twice, it releases transmission opportunity four.
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Fig.1 Illustration of Option 1

· Option 2: The number of actual sidelink transmission opportunities for a MAC PDU (including both new transmission and retransmission) are configured still equal to the actually required retransmission time. But the UE behaves in such a way that if there are some transmission opportunities are dropped, the Tx UE will request or reselect resources to retransmit the former MAC PDU. With such a method, the actual retransmission time can also be guaranteed, thus ensuring the data's actual reliability requirements. 
Proposal 4: The actual retransmission time for a MAC PDU in sidelink broadcast should be guaranteed. RAN2 to further decide how to provide such retransmission time guarantee for sidelink broadcast by taking the above two options into account.
3 Conclusion
In this paper, we have discussed some enhancements to improve the reliability for broadcast communication in NR sidelink. The following observation and proposals have been given: 
Observation 1: In LTE V2X, the configured retransmission time may not always equal to the actual retransmission time in sidelink, causing the reliability requirements of some services hardly being fulfilled.
Proposal 1: Flexible HARQ retransmission where the time of retransmission are adaptive to various reliability levels should be considered.

Proposal 2: For NR sidelink mode-1, the gNB determines the number of retransmissions for the UE's broadcast services based on the QoS (reliability) requirements of the sidelink LCHs reflected by the SR/BSR. Details are up to gNB implementation. 

Proposal 3: For NR sidelink mode-2, HARQ retransmission time should be associated with the reliability requirements of V2X services, which may be reflected by PQI/QFI.
Proposal 4: The actual retransmission time for a MAC PDU in sidelink broadcast should be guaranteed. RAN2 to further decide how to provide such retransmission time guarantee for sidelink broadcast by taking the above two options into account.
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