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1. Agreements from the RAN1 #99
The resource allocation for NR sidelink mode 2 in RAN 1 #99 [1] agreements are shown as follows.

Agreement:
· Support W to be equal to 32 slots

Agreements:
· The first proposal under Wed. session in R1-1913450 is agreed, with one clarification that S is the number of sub-channels in the resource pool 
· For mode 1 and mode 2, for the time-frequency resource indication in the SCI: 

· NMAX = 2
· Frequency
·  code-points, indicating starting sub-channel of the second resource and number of sub-channels of both resources
·  bit
· Time
· 1 code-point indicates no reserved resource
· 31 code-points indicate different time position of the second resource within 32 slots
· 5 bit
· NMAX = 3
· Frequency
· Option 2-f-a: joint coding
·  code-points indicating starting sub-channel of the second resource, starting sub-channel of the third resource, and the number of sub-channels of all resources
·  bit
· Time
· Option 2-t-a: joint coding
· 1 code-point indicates no reserved resource
· 31 code-points indicate different time position of the second resource within 32 slots, when no third resource is reserved
· 30 + 29 +…+ 1 = 465 code-points indicate different time position of two resources within 32 slots
· 9 bit
Agreements:
· On a per resource pool basis, when reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled: 

· A period is additionally signalled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods




· A set of possible period values is the following: 0, [1:99], 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 ms
· <= 4 bits are used in SCI to indicate a period
· An actual set of values is (pre-)configured
· Regarding the number of periods
· The number of remaining periodic reservations is not explicitly indicated in SCI
·  (working assumption) Procedure of mapping of periodic semi-persistent resources into the resource selection window is reused from LTE
· By reusing TS 36.213, section 14.1.1.6, steps 5 and 6 of non-partial sensing, as applicable
· (working assumption) Procedure of triggering periodic semi-persistent resources reselection based on reselection counter and keep probability is reused from LTE
· By reusing definition and procedure of Cresel defined in TS 36.213, as applicable
· Send an LS to RAN2 asking them to implement accordingly for TS38.321 based on TS36.321, R1-1913458 – Sergey (Intel)
· Procedure of using sidelink RSSI for ranking of resources is not applied
Agreements:
· T2min is (pre-)configured per priority indicated in SCI from the following set of values:
· {1, 5, 10, 20}*2µ, where µ = 0,1,2,3 for SCS 15,30,60,120 respectively
Agreements:
· In Step 2, randomized resource selection from the identified candidate resources in the selection window is supported
· FFS if CSI can be used for resources selection
Agreement:
· T0 is (pre)-configured between: 1000+[100]ms and [100]ms 
Agreements:
Support (pre)-configuration per resource pool between:
· L1 SL-RSRP measured on DMRS of PSSCH after decoding of associated 1st stage SCI, or
· L1 SL-RSRP measured on DMRS of PSCCH for 1st SCI after decoding of associated 1st stage SCI
· Note: L1 SL-RSRP is measured only based on one of the above, but not both

In this contribution, we provide our views on resource allocation for NR sidelink mode 2, including the issues left open in the previous agreement.
2. NR Sidelink Mode 2 Resource Allocation 
LTE sidelink resource sensing may not be suitable to solve the aperiodic traffic. It may take 1000 (ms) for resource sensing and do not match the low latency for NR sidelink. Furthermore, if all of the UE does the resource sensing and selection without any information from the base station or other users (UEs), it will cause a severe collision problem. Therefore, we need to redefine and redesign sidelink resource sensing procedure for NR sidelink mode 2.  
2.1 Resource Sensing Procedure 
Regarding the duration of the resource sensing procedure, the SCI decoding applied during the sensing process reached consensus in previous meetings [2] [3] [4]. In order to improve resource utilization of NR sidelink and reduce resource collision, long-term sensing may not be the only resource sensing process. Generally, the sidelink measurement and sidelink decoding information is used to identify occupied or idle resources. The information used for sidelink measurement includes S-RSRP, S-RSSI, S-RSRQ, and geographic location information. The sidelink information obtained from SCI decoding should include time / frequency resource allocation, resource reservation, and packet priority. As shown in fig. 2, the UE can decode the SCI in each time period. The UE has the entire resource allocation information and resource reservation information for future time periods. However, it depends on the capabilities of the UE. Long-term sensing is mainly designed for periodic traffic, which can well solve the resource allocation conflict problem of LTE sidelink.
The main question is whether long-term perception can also perfectly handle periodic and aperiodic traffic resource allocation. The answer is no. There are many types of traffic in NR sidelink mode 2, and aperiodic traffic is very urgent. The resource allocation collision of NR sidelink mode 2 will face more severe challenges than LTE sidelink mode 4. Therefore, in order to effectively deal with resource collision in NR sidelink mode 2, we support a hybrid resource sensing procedure for periodic and aperiodic traffic. The hybrid resource sensing procedure includes long-term sensing and short-term sensing.
Proposal 1: In order to effectively deal with resource collision in NR sidelink mode 2, we support the hybrid resource sensing procedure for periodic and aperiodic traffic. The hybrid resource sensing procedure includes long-term sensing and short-term sensing procedure. 
There are several advantages to short-term sensing. One of the key advantages is that short-term sensing can enhance long-term sensing to resolve resource collision. In addition, it is expected that short-term sensing will be able to handle unpredictable aperiodic traffic. Therefore, we support that short-term sensing and long-term sensing can be combined for the sidelink resource sensing procedure. 
[image: ]
Figure 2: An example of hybrid resource sensing type 1 scheme

The hybrid resource sensing type 1 scheme is shown in Figure 2 and uses long-term sensing similar to LTE sidelink. After the trigger time, the periodic traffic UE will start to select resources in the selection window. When selecting resources, short-term sensing can also be performed simultaneously. UE can decode the SCI or measure the energy to find out the idle resources in the resource sensing procedure. In addition, short-term sensing may be based on the results of long-term sensing. However, hybrid resource sensing type 1 scheme may not be suitable for applications with frequent aperiodic traffic, and it has less standard impact. Therefore, we propose hybrid resource sensing type 2 scheme. As shown in figure 3, short term sensing can be done during the long term sensing. The aperiodic data comes when SCI decoding is completed or in progress, UE will perform the SCI decoding at the next short-term sensing. In short, resource sensing type 2 scheme can more flexibly address the coexistence of periodic and aperiodic traffic. Furthermore, resource sensing type 2 scheme can also achieve the purpose of reducing resource collision. However, the resource sensing type 2 scheme may increase the complexity of the resource sensing procedure than the resource sensing type 1 scheme, but it is a more efficient and low latency procedure. From our perspective, we support both hybrid resource sensing type 1 and type 2 scheme. 
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Figure 3: An example of hybrid resource sensing type 2 scheme

Proposal 2: From our perspective, we support both hybrid resource sensing type 1 and type 2 scheme.
2.2 Resource Selection Procedure 

Agreements: (RAN 1 # 98)
· The resource (re-)selection procedure includes the following steps
· Step 1: Identification of candidate resources within the resource selection window
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources

Agreements: (RAN 1 # 99)
· In Step 2, randomized resource selection from the identified candidate resources in the selection window is supported
· FFS if CSI can be used for resources selection
Channel state information (CSI) is essential for an effective resource selection procedure. This information describes how the signal travels from the transmitter UE to the receiver UE and allows the transmitter UE and receiver UE to know the current channel conditions. Usually, CSI needs to be estimated at the receiver UE, and needs to be quantized and feedback to the transmitter UE. Therefore, UEs may avoid selecting channels with poor channel conditions in the selection window for resource transmission.
Proposal 3: From our point of view, CSI needs to be considered when selecting resources.
2.3.	Reservation of Resources for Blind Retransmission
Agreements: (RAN 1 # 97)
· 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

[bookmark: _Hlk20754343]There are two resource reservation methods for blind retransmission, look-ahead reservation and chain reservation. Look-ahead transmission supports that an initial transmission can reserve multiple blind retransmissions; whereas chain reservation suggests that each transmission may reserve resource for one blind retransmission. Herein, we identify that look-ahead reservation is more reliable than chain reservation since more accurate sensing result is achieved for look-ahead reservation. However, the signaling overhead for look-ahead reservation could be large. Therefore, we suggest that a hybrid reservation mechanism is adopted. The detail of mechanism is FFS.
[bookmark: _Hlk20754419]Observation 1: The look-ahead reservation and the chain reservation make a trade-off between reliability and signaling overhead.
Proposal 4: A hybrid reservation mechanism is adopted, in which the chain reservation follows immediately after the last blind retransmission reserved by look-ahead retransmission. The detail of mechanism is FFS.
3 Geo-Based Resource Management for NR Sidelink
The mechanism of geo-based resource management techniques is similar to the radio resource sharing and reusing, i.e., reuse of radio resources at different geographical locations. For the NR sidelink use cases, the geo-based resource management techniques may improve packet reception performance by reducing the impact from in-band emission and co-channel interference and reducing the latency and increasing the reliability. The in-band emission effect is one of the main limiting factors in vehicular deployments and thus it is desirable to utilize system-level approaches to reduce its negative impact. In addition, the geo-based resource management techniques can be utilized to substantially reduce the co-channel collision problem so that vehicles transmit on orthogonal resources improving interference conditions in certain range. The major idea of geo-based resource management scheme is that managing target vehicles to different geo-zones. Each geo-zone uses difference subset resource to reduce the interference impact between vehicles of different geo-zone. As a result, the interference of geo-zones apart from the others can be low. And it makes the benefit from the resource-reuse scheme possible. 
From our observation, resource-reuse can improve the packet receive rate but it also increases the interference. Therefore, apropos dividing vehicles into the different groups to form a geo-zone can efficiently improve the location-based resource allocation. The major impacts of location-based resource allocation can be discussed in two parts, the intra-geo-zone interference and inter-geo-zone interference. The intra-geo-zone interference means that vehicles in the same geo-zone which use the same resource to transmit. The inter-geo-zone interference is that vehicles in different zone impact each other.
Observation 2: The geo-based resource management techniques can be utilized to substantially reduce the co-channel collision problem so that vehicles transmit on orthogonal resources improving interference conditions in certain range. 
For out-of-coverage sidelink service, the density of vehicle in a geo-zone will directly effect the intra-geo-zone interference. Higher density indicates that vehicles could have a higher probability in competing for the same resource at the same time, so that the intra-geo-zone interference will be increased. For in-coverage/part coverage sidelink service, it can be seen that the intra-geo-zone interference does not exist because gNB can properly assign the resource. However, in the high-density scenarios, the resource may not be sufficient to support all the urgent transmission with a low latency requirement.   
Observation 3: Geo-based resource management techniques require cross-layer interaction, hence that proper radio resources for vehicle transmissions are selected based on vehicle geo-position. 
Proposal 5: The mechanism to report geographical information to gNB should be FFS.
4.	Conclusion
In this contribution, we discussed resource allocation for NR sidelink mode 2. The discussion and analysis lead to the following observations and proposals:
Proposal 1: In order to effectively deal with resource collision in NR sidelink mode 2, we support the hybrid resource sensing procedure for periodic and aperiodic traffic. The hybrid resource sensing procedure includes long-term sensing and short-term sensing procedure. 
Proposal 2: From our perspective, we support both hybrid resource sensing type 1 and type 2 scheme.
Proposal 3: From our point of view, CSI needs to be considered when selecting resources.
Observation 1: The look-ahead reservation and the chain reservation make a trade-off between reliability and signaling overhead.
Proposal 4: A hybrid reservation mechanism is adopted, in which the chain reservation follows immediately after the last blind retransmission reserved by look-ahead retransmission. The detail of mechanism is FFS.
Observation 2: The geo-based resource management techniques can be utilized to substantially reduce the co-channel collision problem so that vehicles transmit on orthogonal resources improving interference conditions in certain range. 
Observation 3: Geo-based resource management techniques require cross-layer interaction, hence that proper radio resources for vehicle transmissions are selected based on vehicle geo-position. 
Proposal 5: The mechanism to report geographical information to gNB should be FFS.
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