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1 Introduction
In the previous RAN1 meeting, the following agreements were made for the resource allocation mechanism for NR V2X [1]. 
Agreements:

· NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB

· FFS impact on subsequent sensing and resource selection procedures

· At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported

· No additional signaling is defined for the purpose of release of unused resources by the transmitting UE

· FFS the behavior of the receiver UE(s) of this TB and other UEs

Agreements:

· RAN1 to further select between the following options of sidelink resource reservation for blind retransmissions:

· Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission

· Option 2: A transmission can reserve resource for none or one blind retransmission

In this contribution, we provide our views on sidelink mode 2 resource allocation for NR V2X.
2 Sensing procedure
2.1
SCI for sensing procedure
RAN1 agreed that sensing procedure is defined as SCI decoding and/or sidelink measurement. SCI can provide information related to sidelink resources and HARQ procedure. In addition, the following information should be extracted by SCI decoding as well.
· Priority 

Like LTE V2X, the priority information can be used to handle the situation of overlap between uplink and sidelink transmissions (e.g. to drop either one by comparing the SL priority with a defined threshold) or used in the resource selection procedure for the purpose of resource exclusion.
· Resource reservation
In NR V2X, it was agreed to support resource reservation for the initial transmission and retransmission. In addition, like LTE, it is beneficial to reserve resource for future PSSCH transmission at least in the case of periodic traffic. It was agreed to support resource reservation for both blind retransmission and feedback-based retransmission. Therefore, the reservation information needs to be signaled.
Proposal 1: For the purpose of sensing, in addition to information on time resource and frequency location, the following information should be signaled in SCI: 
· Priority 

· Resource reservation

2.2
Sidelink measurement when SCI is not decoded
So far, RAN1 has agreed to measure L1 SL-RSRP based on sidelink DMRS when the corresponding SCI is decoded. On the other hand, when SCI decoding fails, it can be assumed that the failure is due to either an issue of low SINR or due to the half duplex issue. For the half duplex case, basically there is no way to do sidelink measurement. In this case, UE does not know which resources are scheduled for PSSCH transmission corresponding to the failed SCI. In the case where the SINR is low and SCI decoding fails, if the RSRP is measured then UE needs to perform blind decoding for DMRS symbols, thus increasing UE complexity. On the other hand, with RSSI measurement, UE only needs to evaluate the power of the whole band without demodulation. Therefore, when SCI is not decoded, SL-RSSI measurement is used for sensing.  
Proposal 2: SL-RSSI measurement is used for sensing when the corresponding SCI is not decoded.
3 Resource selection

3.1
Resource exclusion procedure
In LTE V2X, transmitter UEs select resource for sidelink transmission from a set of resource after excluding resources that are not resource candidates. The resource exclusion is performed by sensing results based on priority or reservation information extracted by SCI decoding, and results of energy measurement.
For NR V2X, it was agreed that HARQ feedback is introduced for unicast and groupcast, and it was also agreed to support resource reservation for potential retransmission based on HARQ feedback. Therefore, in order to avoid resource collision, the reservation information related to HARQ feedback should be considered. For example, when a UE selects transmission resource and detects that the resource is reserved for HARQ-based retransmission for another UE, then by using the priority information of the PSSCH of the first transmitter UE and the other UE performing HARQ-based retransmission, the first transmitter UE can decide whether to exclude the reserved resource.

On the other hand, if other transmitter UEs detect that reserved resource is released, that released resource can be selected as a candidate by those other transmitter UEs.
Proposal 3: By using the priority information, transmitter UE determines whether to exclude a resource reserved for potential retransmission based on HARQ.
Proposal 4: Support that other transmitter UEs can select the unused resources which are released as the candidate transmission resources.
4 Resource reservation

4.1
Resource reservation for blind retransmission
Regarding resource reservation for blind retransmission, RAN1 will discuss down-selection from two options: 
· Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission.

· Option 2: A transmission can reserve resource for none or one blind retransmission.

For option 1, since one transmission can reserve resources for more than one blind retransmission, other UEs can know the reservation information not only for the next retransmission, but also for retransmissions which come even later. 
For option 2, the signaling overhead is smaller compared to option 1. However, since one transmission can reserve resource for at most one blind retransmission, resource collision may take place. 
As shown in figure 1, UE1’s initial transmission takes place at time t1 and it reserves resource for blind retransmission at time t3 and t4. If UE2 triggers resource selection at time t2, it can avoid resource collision at time t3. However, it is possible that UE2 selects the resource at time t4 because UE2 doesn’t have the information on UE1’s second retransmission at t4: in this case  resource collision will happen. This issue may be solved by resource reselection after detecting potential collision, but the problem is that UE1 may have no other resources which meet the reliability or latency requirement at the moment of the collision detection. In this case, UE1 needs to perform a sensing procedure for retransmission.
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Figure 1: Potential resource collision in option 2
We further compared the performance of option1 and option2 with simulation, and the results are shown in Figure 2. The simulation assumptions are described in the appendix.
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Figure 2: Simulation results of PRR for option 1 and option 2
The red curve represents the result with option 1, while the blue curve is the result for option 2. It can be observed that option 1 has a better PRR performance over option 2. As explained, since the transmitter UEs that perform sensing can know all the reserved resource, the performance becomes better by avoiding resource collision.
The overhead of option 1 depends on the way reservation information is signalled. For example, the time resource for blind retransmission can be implicitly signaled in a bitmap manner. In case the time offset between retransmissions is invariable, it may be enough to only signal the number of blind retransmissions in the SCI, in which case overhead is not a severe issue.
Observation 1: For blind retransmission, option 1 has a better performance than option 2 especially when the distance between the transmitter UE and receiver UE becomes longer.
5 Summary
In this contribution, the following proposals and observation are made:
Proposal 1: For the purpose of sensing, in addition to information on time resource and frequency location, the following information should be signaled in SCI: 
· Priority 

· Resource reservation

Proposal 2: SL-RSSI measurement is used for sensing when the corresponding SCI is not decoded.

Proposal 3: By using the priority information, transmitter UE determines whether to exclude a resource reserved for potential retransmission based on HARQ.

Proposal 4: Support that other transmitter UEs can select the unused resources which are released as the candidate transmission resources.
Observation 1: For blind retransmission, option 1 has a better performance than option 2 especially when the distance between the transmitter UE and receiver UE becomes longer.
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Appendix
	Parameter
	Value

	Carrier frequency
	6 GHz

	Simulated bandwidth
	20 MHz

	Sub-carrier spacing
	15 kHz

	Scenario
	Urban Option A

	Number of antenna
	2 Tx * 4 Rx

	Traffic model
	Periodic: Medium intensity; 50ms inter-packet arrival, 50% vehicles generate packets

Aperiodic: Medium intensity, 100% vehicles generate packets.

Periodic and aperiodic traffic are simulated separately.

	Waveform 
	OFDM 

	Channel model
	TR37.885

	Max number of blind retransmission 
	3 blind retransmissions

	Modulation
	QPSK

	Coding rate
	For 800-byte packet, code rate = 0.57
For 1200-byte packet, code rate = 0.38



