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1. Introduction
At RAN Meeting #86, “New WID on NR sidelink enhancement” was approved to enhance sidelink communications with the following objective [1].

[image: image1.png]2. Resource allocation enhancement:
® Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]

B Basetine is to introduce the principle of Rel-14 LTE sidslia random resource selection and partial
sensing to Rel-16 NR idelink resource allocation mode 2.

B Note: Taking Rel-14 as the baseline does aot preclude introducing a new salution 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#89), and specify the
identified solution if deemed feasible and beneficial [RAN1, RAN2]

B Inter-UE coordination with the following until RANSSS.

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.

B Note: The study scope after RAN#SS i to be decided in RAN#SS.

B Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage 2ad to
‘address consecutive packet loss in all coverage scenarios.

B Note: RAN2 work will start after RANES.




In this contribution, we discuss enhancements to improve sidelink reliability and latency.
2. Discussion  
As outlined in the objective of WI on sidelink enhancement, improvement to reliability and latency is one of the focus points for sidelink enhancement in release 17. In the following combined blind and HARQ retransmissions and early resource selection are proposed as two enhancements for reliability improvement and latency reduction.
2.1 Blind and HARQ feedback-based retransmission
During RAN1 #100 bis-e, it was agreed that whether or not to combine blind and HARQ retransmissions is RAN2’s decision [2]. 

	Agreements: Send an LS to RAN2 regarding HARQ operations

· RAN1 informs RAN2 that RAN1 discussed whether to support mixing blind and feedback-based HARQ retransmissions of a TB and RAN1 agreed that this is an issue RAN2 needs to make decision.


The resulting LS sent to RAN2 noted [8]:

	RAN1 discussed whether to support mixing blind and feedback-based HARQ retransmissions of a TB in the sidelink HARQ operations. RAN1 agreed that this is an issue that RAN2 needs to make decision.


In this contribution, we discuss the performance gain with blind and HARQ retransmissions combined and propose a way forward to RAN1’s recommendation that RAN2 decide on support of this feature.

Blind retransmission is a retransmitting scheme with repetitions of the same packet. It improves the reliability due to the redundancy provided by repetitions. Blind retransmission also improves the latency compared with feedback-enabled retransmission, such as the HARQ feedback retransmission, since the Tx UE doesn’t have to wait for feedback before deciding to send a retransmission. However, blind retransmission is an open-loop operation without any dynamic adaptation, i.e. the repetition is configured or set at the beginning of transmitting a packet and it cannot be adjusted based on the channel condition or Rx UE decoding results. If a small number of repetitions is set, it may not be enough to ensure that the packet is decoded by the Rx UE successfully (e.g., due to blocking, half-duplex, or hidden node), and thus a transmission failure may result. If a large number of repetitions is set to ensure reliability performance, it may result in unnecessary repetitions if the packet is decoded by the Rx UE successfully after receiving the second repetition, and may therefore cause low resource utilization and potential channel congestion and interference to other UEs.     

Observation 1: Blind retransmission over sidelink improves reliability and latency with the cost of potentially unnecessary retransmissions.

HARQ feedback retransmissions is a closed-loop retransmission scheme based on the Rx UE’s decoding result. A retransmission is sent if the Rx UE fails to decode; otherwise, no retransmission is sent. This closed-loop adaptive retransmission scheme (e.g., dynamic link adaptation) not only improves reliability, but also improves resource utilization and reduces unnecessary retransmissions which may potentially congest the channel and increase the interference to other UEs, therefore improving the overall system performance and capacity. However, the delay incurred in waiting for the feedback may result in increased latency. 

Observation 2: HARQ feedback enabled retransmission improves the reliability and resource utilization with the cost of extra delay for feedback.

As more advanced V2X services are introduced, the requirements for reliability and latency are becoming more stringent. To support URLLC-like services on sidelink, both reliability and latency requirements must be met without degradation of overall system performance and capacity. 

Combining blind retransmission and HARQ feedback will help to meet stringent high reliability and low latency requirements without causing low resource utilization, channel congestion, more interference, etc. For example, a Tx UE may initially send a packet with 2 blind retransmissions (i.e. 2 repetitions) to avoid the waiting time for feedback and then decide if retransmission is needed based on the Rx UE’s decoding result with the initial blind retransmissions combined (i.e. the HARQ feedback). If the received packet is decoded successfully by the Rx UE, then no additional retransmission is needed; if the packet is not decoded successfully by the Rx UE, then retransmission with link adaptation is sent. 

Figure 1 shows a simulation result with Highway Option A (140Kmph) as defined for NR V2X performance evaluation, NR aperiodic medium traffic with 10% high priority packets, and fast fading channel SCM. Blind retransmission combined with HARQ retransmission performs 20% better than HARQ only retransmission at 0.99 packet reception rate.
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Figure 1. HARQ only and HARQ Combined with 2 Blind Retransmissions – Highway

Figure 2 shows another simulation result with 120 meters feedback distance and “25 ms + an exponential random variable with the mean of 25 ms” for inter-packet arrival time. Blind retransmission combined with HARQ retransmission performs nearly 100% better than HARQ only retransmission at 0.99 packet reception rate.
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Figure 2. HARQ only and HARQ Combined with 2 Blind Retransmissions – Close Distance

As illustrated in Figure 1 and Figure 2, substantial performance gain can be achieved with blind retransmissions and HARQ feedback retransmissions combined for high priority traffic.

Observation 3: Combining blind retransmissions with HARQ feedback retransmissions improves the overall performance for high priority traffic.

Based on the above observations, we propose to support combining initially a minimum number of retransmission(s) disregarding NACK feedback and resuming HARQ feedback retransmissions afterwards as exemplified in Figure 3.
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Figure 3. Combined blind and HARQ Retransmissions

Proposal 1: Support a minimum number of retransmission(s) after initial transmission disregarding any NACK feedback received, followed with HARQ feedback-based retransmissions of a TB.

2.2 Early Resource Selection for Initial Transmission 
Compared to randomly selecting a resource for the initial transmission of a TB from the identified candidate resources, selecting the earliest resource for the initial transmission and selecting random resources for retransmission(s) from the identified candidate resources may significantly reduce packet reception delay. 
The simulation results in Figure 4 show that the PRR performance is improved noticeably (as shown in left plot) and packet reception delay is greatly reduced (as shown in right plot). The latency reduction is important for cases where the system is not congested as it allows the UE to complete its transmission quickly and move on to other transmissions, thus reducing latency in the lightly loaded system and increasing transmission speed as well as increasing the opportunities for additional retransmissions if required. 
However, there are concerns that earliest resource selection for initial transmission might increase the possibility of collisions and thus might degrade system performance. This simulation result shows that overall performance gain is more than loss.
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Figure 4. Performance and Latency of Selecting the Earliest Resource for Initial Transmission 

Observation 4: Selecting the earliest available candidate within the selection window for the first transmission significantly reduces packet reception delay without impacting performance.

Proposal 2: For the initial transmission of a TB, the earliest available resource from the identified candidates within the selection window is selected.

Proposal 3: For retransmissions of a TB, a resource is randomly chosen from the identified candidates within that retransmission’s selection window.

2.3 Inter-UE Co-ordination
Many simulation analyses have shown that half-duplex and hidden node are the main factors degrading reliability and latency performance, especially to Mode 2 sensing-based resource selection. However, the analysis and discussion for inter-UE co-ordination on resource selection are mostly RAN1’s work. RAN2 may follow RAN1’s agreements or conclusions and then decide RAN2’s work.  
Proposal 4: For inter-UE co-ordination on resource selection, RAN2 may follow RAN1’s lead and then plan the work accordingly.
3. Conclusion
In this contribution, we share our views on enhancements to reliability and latency performance with the follows.

Blind and HARQ Feedback Retransmissions
Observation 1: Blind retransmission over sidelink improves reliability and latency with the cost of potentially unnecessary retransmissions

Observation 2: HARQ feedback enabled retransmission improves the reliability and resource utilization with the cost of extra delay for feedback.

Observation 3: Combining blind retransmissions with HARQ feedback retransmissions improves the overall performance for high priority traffic.

Proposal 1: Support a minimum number of retransmission(s) after initial transmission disregarding any NACK feedback received, followed with HARQ feedback-based retransmissions of a TB.

Early Resource Selection for Initial Transmission

Observation 4: Selecting the earliest available candidate within the selection window for the first transmission significantly reduces packet reception delay without impacting performance.

Proposal 2: For the initial transmission of a TB, the earliest available resource from the identified candidates within the selection window is selected.
Proposal 3: For retransmissions of a TB, a resource is randomly chosen from the identified candidates within that retransmission’s selection window.
Inter-UE Co-ordination
Proposal 4: For inter-UE co-ordination on resource selection, RAN2 may follow RAN1’s lead and then plan the work accordingly.
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