3GPP TSG RAN WG1 #98bis		R1-1910146
Chongqing, China, October 14th – 20th, 2019

Agenda Item:	7.2.4.2.2
Source:	Lenovo, Motorola Mobility
Title:	Discussion on resource allocation for NR sidelink Mode 2
Document for:	Discussion

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During the RAN1#97, regarding resource allocation in Mode 2, the related agreements and working assumption were made as follows:
Agreements:
· At least for mode 2, The maximum number of SL resources NMAX reserved by one transmission including current transmission is [2 or 3 or 4]
· Aim to select the particular number in RAN1#98
· NMAX is the same regardless of whether HARQ feedback is enabled or disabled

Agreements:
· At least for mode 2,  (Pre-)configuration can limit the maximum number of HARQ (re-)transmissions of a TB
· Up to 32
· FFS the set of values
· FFS signaling details (UE-specific, resource pool specific, QoS specific, etc.)
· If no (pre)configuration, the maximum number is not specified
· Note: this (pre-)configuration information is NOT intended for the Rx UE
Agreements:
· In Mode-2, SCI payload indicates sub-channel(s) and slot(s) used by a UE and/or reserved by a UE for PSSCH (re-)transmission(s) 
· SL minimum resource allocation unit is a slot
· FFS whether when the resource allocation is multiple slots, the slots can be aggregated
· FFS whether in case of multiple slots, the indicated slots are contiguous or not

Working assumption:
· An indication of a priority of a sidelink transmission is carried by SCI payload
· This indication is used for sensing and resource (re)selection procedures
· This priority is not necessarily the higher layer priority

Agreements:
· The resource (re-)selection procedure includes the following steps
· Step 1: Identification of candidate resources within the resource selection window
· FFS details
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
· FFS details
Agreements:
· In Step 1 of the resource (re-)selection procedure, a resource is not considered as a candidate resource if:
· The resource is indicated in a received SCI and the associated L1 SL-RSRP measurement is above an SL-RSRP threshold
· The SL-RSRP threshold is at least a function of the priority of the SL transmission indicated in the received SCI and the priority of the transmission for which resources are being selected by the UE
· FFS details

In this contribution, we provide our views on sensing and resource selection/reservation mechanism in Mode 2 for NR sidelink.

Discussion
Sensing mechanism

In LTE V2X, long term sensing mechanism is adopted for periodic traffic with fixed packet size. TX UE can identify occupied/reserved sidelink resources by decoding SCI. This sensing mechanism can be reused in NR V2X for both periodic and aperiodic packet. The TX UE with periodic traffic or aperiodic packet can perform long term sensing to select resource in shared pool for both periodic and aperiodic V2X packet. However, whether long term sensing can avoid the collision between periodic/aperiodic and aperiodic transmission effectively depends on the number of reported candidate resources (i.e. in LTE long term sensing). For example, if the reported candidate resource is greater than or equal to 20% of total resources, which is used in LTE long term sensing, the random selection step may help to avoid these collisions. Otherwise, additional enhancements should be considered.
Proposal 1: Reuse LTE-V2X long term sensing mechanism in NR V2X

Since NR V2X needs to support low latency V2X packet transmission, the number of candidate resource availability could be less in the resource selection window due to shorter window size because the T2 value depends on the packet delay budget (PDB). If the random candidate resource selection step cannot avoid the collision, then additional sensing mechanism is needed. As an enhancement, Short term sensing can be performed within the resource selection window which is after the packet generation, as shown in Figure 1, TX UE performs resource selection based on long term sensing result, and then the short term sensing is used to confirm whether the selected resource has potential collision with higher priority transmission or other aperiodic V2X packets.
Proposal 2: If random selection step cannot avoid the collision effectively, considering short term sensing mechanism in NR V2X.
[image: ]
Figure 1, long term sensing and short term sensing window

Resource selection mechanism

In V2X, long term sensing operation should report enough candidate resources (e.g., 20% of) so that the random candidate resource selection procedure could avoid potential collision during packet transmission. As we discussed in the above section, the resource selection window size is shorter for low latency V2X packet and sometime the reported candidate resources may not be enough considering a certain PSSCH-RSRP threshold. One way to find more candidate resource is by increasing the PSSCH-RSRP threshold, but in this case the reported candidate resource may not be suitable due to lower SINR. From a system perspective, this process could reduce the sidelink transmission coverage due to increased collision probability from multiple TX UE(s). 

Considering the above the described problem to transmit low latency V2X packet transmission within  its packet delay budget, as an enhancement, the reporting ratio (e.g., 20% in LTE long term sensing) and the maximum number of increasing PSSCH-RSRP threshold (e.g., in LTE long term sensing) could be based on the priority of the V2X packet. Also, the RSRP threshold could be configured based on the priority of the V2X packet to find suitable good quality resource for reliable packet reception.
Proposal 3: For long term sensing, reconsidering reporting ratio and maximum number of increasing PSSCH-RSRP threshold for the traffic with lower latency requirement in NR V2X

A UE with shorter packet delay budget and/or with higher priority V2X packet could be allowed to reserve or pre-empt resources belonging to other occupied UE(s) in the resource pool. The UE could further send a reservation/pre-emption indication prior to its selected resource and this indicator can be detected by the other V2X UE(s) during the sensing operation to avoid collision, especially, for candidate resource limitation case. Further the pre-emption case could further consider following cases, where mode 1/ mode 2 sharing resource pool and mode 2 UE(s) occupying a separate resource pool. As an enhancement, priority of the pre-empted V2X packet can also be increased based on the remaining PDB budget – e.g. the shorter the remaining PDB, the higher (lower numerically) the priority assigned to the pre-empted packet. 
Proposal 4: Reservation/pre-emption indication needs to be designed if short term sensing is introduced.

Half-duplex detection 
The reliability issue arising due to a potential half duplex constraint in a groupcast transmission for NR mode-2 can be successfully mitigated with the help of RX-UE(s)/RSU periodically monitoring the SCI(s) transmission from group member UE(s) and providing feedback if there is any potential half duplex problem. Further RX-UE(s)/RSU could check the destination group identifier(s) and/or the resource selected for SL data transmission by group member UE(s) from their SCI(s) and if their destination group identifier(s) are identical and/or the resource selected by the group member TX UE(s) occupies the same time slot, then there is a potential half duplex problem and a potential feedback to the TX UE(s) could be helpful. As an enhancement, even if the PSSCH from TX UE(s) are successfully decoded by the group member UE(s), RX UE(s) could report SL-HARQ- NACK(s) on the feedback resource to implicitly indicate potential half duplex problem to respective TX UE(s) when the half duplex detection conditions are met and then the TX UE(s) could (re)transmit the corresponding transport block.
Proposal 5: RAN1 should further study about the reliability issue arising due to half duplex constraint 
Resource reservation for sidelink transmission
Reservation of resources for blind retransmission(s)
In previous meeting, Look-ahead reservation and Chain reservation methods were discussed. 
For Chain reservation, each transmission can explicitly indicate another transmission of the same TB. The indication information can include the location of time/frequency resource for another transmission. In order to optimize the payload size of indication information (e.g., SCI size), LTE V2X indication mechanism can be reused. That is only explicitly indicate the time gap between two transmissions and restricting the frequency resource location is same for two transmissions. Further, if every two adjacent transmissions for one TB have same/fixed time gap, Rx/sensing UE can infer the resources of all transmissions of this TB based on time gap and order of current transmission in all transmissions of this TB. Here, the order of current transmission is similar to the ‘Retransmission index’ in LTE, it is used to indicate the number of this transmission of a certain TB. 
For Look-ahead reservation, each transmission needs to explicitly indicate multiple transmissions of one TB. For example, indicating multiple time gap values between current transmission and the others transmissions or a Time resource pattern (similar to D2D). The potential payload size of SCI may be larger than Chain reservation indication method.
So, considering the potential payload size of SCI, Chain reservation is better than Look-ahead reservation. 
Proposal 6: Support Chain reservation and indication method in NR V2X.

Reservation of resources for feedback-based HARQ retransmission(s)
In previous meeting, RAN1 has agreed that NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmission by signaling associated with a prior transmission of the same TB.
Reservation of resource for feedback-based HARQ transmission(s) can provide retransmission resource for Tx UE timely when NACK is received from Rx UE in unicast/groupcast case. If there is no reserved resource for retransmission, Tx UE has to request a retransmission resource from network (in mode1) or autonomously select a resource (in mode 2) for retransmission. Both of them may increase the delay of retransmission. Reserving the retransmission resource can reduce this delay. 
In other side, the probability of successful decoding for each transmission is at least 90%, so the reserved resource for subsequent transmission(s) of same TB may be not used in most instances. So RAN1 needs to discuss the enhancement mechanisms to improve utilization efficiency of reserved resource. Some conditional resource reservation mechanism also can be considered, e.g. based on channel status, CBR etc. 
Based on above discussion, RAN1 needs to discuss enhancement mechanisms to improve utilization efficiency of reserved resource and conditional resource reservation mechanism from the following aspects:
Option 1: Tx UE uses the re-transmission resource for new TB transmission
Option 2: Rx UE uses the re-transmission resource
Option 3: The others UEs, except Tx UE and Rx UE, use the re-transmission resource
Option 4: Conditionally reserve re-transmission resource (e.g. based on channel status, CBR etc.)
Proposal 7: Discuss enhancement mechanisms to improve utilization efficiency of reserved resource and conditional resource reservation mechanism.

Conclusion
In this contribution, we focus on sensing and resource selection mechanism in NR V2X Mode 2 and present our views. We have the following proposals:
Proposal 1: Reuse LTE-V2X long term sensing mechanism in NR V2X
Proposal 2: If random selection step cannot avoid the collision effectively, considering short term sensing mechanism in NR V2X.
Proposal 3: For long term sensing, reconsidering reporting ratio and maximum number of increasing PSSCH-RSRP threshold for the traffic with lower latency requirement in NR V2X
Proposal 4: Reservation/pre-emption indication needs to be designed if short term sensing is introduced.
[bookmark: _GoBack]Proposal 5: RAN1 could further study about the reliability issue arising due to half duplex constraint 
Proposal 6: Support Chain reservation and indication method in NR V2X.
Proposal 7: Discuss enhancement mechanisms to improve utilization efficiency of reserved resource and conditional resource reservation mechanism.
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