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1. Introduction
At RAN 1 #96 [1], the resource allocation mechanism related agreements are shown as follows,
Agreements:
· Blind retransmissions of a TB are supported for SL by NR-V2X
· Details are for the WI phase

Agreements:
· NR V2X Mode-2 supports reservation of sidelink resources at least for blind retransmission of a TB
· Whether reservation is supported for initial transmission of a TB is to be discussed in the WI phase
· Whether reservation is supported for potential retransmissions based on HARQ feedback is for the WI phase

Agreements:
· Mode-2 sensing procedure utilizes the following sidelink measurement
· L1 SL-RSRP based on sidelink DMRS when the corresponding SCI is decoded
· FFS whether/which measurement is used if the corresponding SCI is not decoded e.g. SL-RSRP after blind DMRS detection, SL-RSSI

Agreements:
In the context of Mode-2(d), NR V2X supports the following functionality:
· A UE informs gNB about group members and gNB provides individual resource pool configuration and/or individual resource configuration through the same UE to each group member UE within the same group. It does not require connection between member UE and gNB
· The UE cannot modify the configuration provided by gNB
· Higher layer signaling is to be used to provide the configuration. No physical layer signaling is used
· FFS if one or both options are supported (i.e. resource pool configuration(s) or resource configuration)
· FFS which functionality defined as a part of Mode-2 is applicable for this feature
· This functionality is up to UE capability(ies)

As shown in the agreements, it has been agreed to resource allocation mechanism. In this contribution, we provide our 
views on this topic.
2. NR Sidelink Resource Management for Mode-2 operations 
As mentioned in the RAN 1 #94 agreement [2], there are four types of NR sidelink resource management for mode-2 operation, it shows as follows:
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs

For mode-2, UE determines the sidelink transmission resources within sidelink without BS or (pre-) configured sidelink resources by base station/network. Moreover, traffic patterns (periodic/aperiodic), BS (gNB and eNB) intensity, UE intensity, coverage, mobility, latency, reliability and QoS requirements need to be considered, the legacy sidelink resource allocation schemes may not be suitable to be reused for NR V2X mode 2 operations. 
In NR V2X, sidelink will support traffic with different requirements and different characteristics. 
· Packets may vary in size
· Packet arrivals processes include periodic arrivals and aperiodic arrivals
During the LTE V2X, it was observed that random resource allocation is not suitable for serving periodic V2X traffic. Moreover, it was concluded that for predictable transmissions, the use of sensing was very beneficial. Similarly, aperiodic traffic is seldom served using resource allocation and unpredictable. 
Observation 1: In NR V2X, sidelink will support traffic with different requirements and different characteristics. For example, packet may vary in size and packet arrivals processes include periodic arrivals and aperiodic arrivals.

2.1. Discussion for NR V2X Mode-2 Periodic and Aperiodic Traffic Resource Pool 
For Mode 2 (a) resource allocation, it is similar to LTE mode 4. UE autonomously selects sidelink resource after sensing the resource pool. However, not enough sensing information might cause the collision problem. In order to solve this problem, resource sensing and some assistance information from BS or UE are necessary for mode 2 (a) resource allocation. On the other hand, resource selection corresponds with different resource pools also need to be redesigned. Legacy resource pool is not suitable with periodic and aperiodic traffic. Therefore, dedicated resource pool (as shown in figure 1) or resource pool sharing (as shown in figure 2) may be considered.
For dedicated resource pool, UE only needs to select the radio resources from the dedicated resource pool or reservation resources before aperiodic traffic comes. Furthermore, some information (e.g. DCI/SCI, etc.) can be used by the UE for the resource selection procedure. Dedicated resource pool may solve the resource collision. However, when there is no any aperiodic traffic comes, the resource pool usage will not efficient.  
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Figure 1: Example of dedicated resource pool 

Resource pool sharing has been discussed in LTE V2X, it has the well mechanism to solve the periodic traffic. However, for NR V2X, aperiodic traffic and periodic traffic will consider together. The resource allocation mechanism for the resource pool sharing will be more complex than the dedicated resource pool and need to be enhanced. As show in figure 2 (a) and (b), the aperiodic and periodic traffic resource pool can be considered with partial or full sharing. However, the collision probability will be high if there is no any resource allocation mechanism. On the contrary, if the resource allocation mechanism has well designed, it may increase the resource pool usage than the dedicated resource pool. The resource allocation mechanism should be FFS. 
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(a)                                     (b)
Figure 2: Example of resource pool sharing (a) Partial resource pool sharing (b) Full resource pool sharing

Observation 2: For dedicated resource pool, UE only needs to select the resources from the dedicated resource pool or reservation resources when aperiodic traffic comes. Furthermore, some information (e.g. DCI/SCI, etc.) can be used by the UE for the resource selection procedure.
Observation 3: The resource allocation mechanism for the resource pool sharing will be more complex than the dedicated resource pool and need to be enhanced. 
Observation 4: The collision probability will be high if there is no any resource allocation mechanism for resource pool sharing. On the contrary, if the resource allocation mechanism has well designed, it may increase the resource pool usage than the dedicated resource pool. The resource allocation mechanism should be FFS. 
Proposed 1: Dedicated resource pool and resource pool sharing may be considered for periodic and aperiodic traffic. The resource allocation mechanism should be FFS.

2.2. Sidelink Measurement for NR V2X Mode 2 
According to the above discussion, legacy resource sensing may not suitable to solve the aperiodic traffic and periodic traffic. It may take 1000 (ms) for resource sensing and do not match the low latency for NR V2X. Moreover, if all of the UE doing the resource sensing and selection without any information from base station or other UEs. It is serious for the collision problem. Therefore, sidelink resource granularity and sidelink measurement for NR V2X mode 2 for resource sensing and selection procedure need to be considered.  
2.2.1 Sidelink Resource Granularity for NR V2X Mode 2
For NR V2X, packet sizes vary dramatically even for the same application. The sidelink resource granularity for resource sensing and selection should be considered with different packet sizes. 
· Physical resource block (PRB) may be related to different subcarrier spacing and dynamic resource allocate the PRBs with different packet sizes. 
· Slot based resource sensing and selection can also be considered. Slot can be allocated for all downlink, all uplink or mix downlink and uplink. Data transmission can be scheduled to span one or multiple slots. Moreover, slot aggregation may also be considered to support packet arrivals processes include periodic and aperiodic arrivals.
· Time-frequency resource pattern (TFRP) can be used for NR V2X resource sensing and selection. TFRP resource selection procedure will be based on the traffic types (periodic and aperiodic). In addition, TFRP ensures to mitigate the half-duplex impact, and fulfil the stringent requirements if TFRP resources can be properly selected by UEs. For NR V2X mode 1 scenario, pattern selection can be fully controlled by gNB. For NR V2X mode 2, UE need to get some assist information from BS/Network or other UEs to enhance the pattern selection. That assist information may be S-RSRP, S-RSSI, S-RSRQ, geo-location information, and so on. 

In order to increase the flexibility to correspond to the variability of NR V2X, sub-channel based can be used for NR V2X resource allocation and agreed in the last meeting. However, sub-channel based resource allocation may suffer from in-band emission impact. For example, it may be an obvious impact because of the potentially large difference between the received powers of the different signals that occupy different sub-channel in frequency over the same subframe. The important PSCCH information may lose when allocating in the side of sub-channel. For our point of view, we suppose to allocate the important PSCCH information in the middle of sub-channel.
Proposed 2: For our point of view, the sidelink resource granularity for resource sensing and selection should be considered with different packet sizes. 
Proposed 3: For sub-channel based resource allocation, we suppose to allocate the important PSCCH information in the middle of sub-channel.

2.2.2 Discussion on Sidelink Measurement for NR V2X
Regarding the resource sensing criteria, we assume that sidelink measurement would be the one of baselines. The resource sensing could depend on sidelink measurements and link quality assessments such as S-RSRP, S-RSSI, S-RSRQ, and geographical location information. 
· SL-RSRP: The average power is measurement of the power received from a single reference signal.  The sidelink resources of SL-RSRP would be DM-RS in either physical sidelink discovery channel or DMRS in physical broadcast channel. 
· SL-RSRQ: RSRP is the average power of resource elements that carry cell specific reference signals over the entire bandwidth, so RSRP is the linear average of the downlink reference signals across the channel bandwidth. Similar to the legacy approach for RSRQ calculation using RSSI and RSRQ, the S-RSRQ can also be calculated
· Geo-location information: Geo-location can be used to calculate the distance between Tx UE and Rx UE. The distance can also be used in measurement report.
In the figure 3, each UE (periodic and aperiodic UE) will transmit the UE information to the gNB, the information includes the geo-location, traffic specific configuration (i.e. periodic and aperiodic traffic) or else. Furthermore, the measurement report contains the location indicator of the occupied resource, the overall resources bit mapping table or the overall resources measurement result. After the gNB gather the information from UEs. The gNB will broadcast the combination table to all of the UEs. Finally, the UE will select the idle resource based on the combination table.
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Figure 3: Illustration of Sidelink measurement report 
 
Proposed 4: Sidelink measurement for NR V2X mode 2 resource sensing and selection procedure may be important. The measurement report may receive from the base station (i.e. gNB) or the other UEs. 
Proposed 5: The measurement report may include the UE location, traffic specific configuration (i.e. periodic and aperiodic traffic) or else.

2.2.3 Long-term Sensing
In general, sidelink measurements and sidelink decoded information are used for identifying occupied or idle resources. The information for sidelink measurements can include S-RSRP, S-RSSI, S-RSRQ, and geographical location information. The information is discussed in detail at previous section. Sidelink Information obtains from SCI decoding should include time/frequency resource allocation, resource reservation, and priority of the packet. As shown in figure 4,  SCIs can be decoded by UE in each period time, UE would have whole resource allocation information and resource reservation information of future period time. However, it depends on UE capability. Long-term sensing is mainly designed for periodic traffic and nearly perfect design to solve resource allocation collision problem for LTE V2X. The main problem is whether long term sensing can also nearly perfect to handle the periodic and aperiodic traffic resource allocation or not. The answer is no. There are many kind of traffic types for NR V2X. The aperiodic traffic comes instant and urgent. The resource allocation collision for NR V2X mode 2 will be more serious than the LTE V2X mode 4. In order to handle the collision problem for NR V2X, we suggest long-term sensing can be reused for NR V2X resource allocation, but it needs to combine the mechanism with short-term sensing. 
[image: ]
Figure 4: Long term sensing for SPS 

Propose 6: For our point of view, LTE V2X long-term sensing can be reused for NR V2X resource allocation, but it needs to combine the mechanism with short-term sensing. 

2.2.4 Short-term Sensing
There are several advantages for short-term sensing. One of the important advantage is short term sensing may reinforce the long term sensing to solve resource allocation collision problem. Moreover, long-term sensing is expected to provide degraded performance to handle the aperiodic traffic. Therefore, we suppose short-term sensing may be combined with the long term sensing for sidelink resource allocation. The mechanism is FFS.
Propose 7: The short-term sensing can be combined with the long term sensing for sidelink resource allocation. The mechanism is FFS.
2.3 Mode 2 (c) and Mode 2 (d)
For NR V2X mode 2 (c), the resource assignment is pre-configured by gNB. Both NR Uu link and PC5 link can be considered. The example is shown in figure 4. For NR V2X mode 2 (d), UEs may be classified into different group according to different service types (e.g. emergency service) or geo-zone information, as shown in figure 5. In this case, UEs only need to sensing and select resources in specific resource pools. Scheduling will manage by the group header. 
· For in-coverage case, scheduling UE is configured by gNB. It does not require connection between member UE and gNB. Individual resource pool configuration and/or individual resource configuration through the group header to each group member UE will provide by gNB. Both of configurations depend on the group header capability. For individual resource pool configuration, gNB only need to classify the resource pool for each group header, and the group header will schedule and allocate the resource to the member by themselves. This might reduce the overhead for the gNB, but the group header need to know the number of users in their group. Moreover, which user can really handle the scheduling and allocation is the serious problem. For individual resource configuration, the group header will send the information to the gNB to request the resource for the member users in their group, the gNB will schedule and allocate the resource based on the request information. This might reduce the loading for the group header. However, it will increase the latency by the request information   
· For out-of-coverage case, scheduling UE is decided by multiple UEs including the one that is finally selected or pre-configuration selects scheduling UE. 
When the scheduling UE signal becomes weak or disappear, it needs to decide whether to choose the new group header or not. Based on the geo-zone grouping, inter-UE collision can be solved. However, intra UE collision still needs to be solved, especially in high intensity traffic. Intra UE collision handling mechanism need to be FFS. 
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Figure 4: Example for mode 2 assistance information 
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                              Figure 5: Example for the UE grouping 

Proposed 8: When UEs transmit information with PC5 link, it may also get some assistance information from Uu link.
Proposed 9: Individual resource pool configuration and/or individual resource configuration through the group header to each group member UE will provide by gNB. The configurations depend on the group header capability. 
Proposed 10: UEs can be divided into different groups based on geo-information. Each group will decide the group header by some information. The group header selection mechanism will be FFS.

In summary, some information is needed for UE to enhance the resource management for mode 2, especially the geo-information or other assistance information. 
3. Geo-Based Resource Management for NR V2X
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 V2X 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 5: 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 V2X 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 V2X 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 6: 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 11:  The mechanism to report geographical information to gNB should be FFS.
4.	Conclusion
In this contribution, we discussed NR V2X mode 2(a) (c) (d) resource management. The discussion and analysis lead to the following observations and proposals:
Observation 1: In NR V2X, sidelink will support traffic with different requirements and different characteristics. For example, packet may vary in size and packet arrivals processes include periodic arrivals and aperiodic arrivals.
Observation 2: For dedicated resource pool, UE only needs to select the resources from the dedicated resource pool or reservation resources when aperiodic traffic comes. Furthermore, some information (e.g. DCI/SCI, etc.) can be used by the UE for the resource selection procedure.
Observation 3: The resource allocation mechanism for the resource pool sharing will be more complex than the dedicated resource pool and need to be enhanced. 
Observation 4: The collision probability will be high if there is no any resource allocation mechanism for resource pool sharing. On the contrary, if the resource allocation mechanism has well designed, it may increase the resource pool usage than the dedicated resource pool. The resource allocation mechanism should be FFS. 
Proposed 1: Dedicated resource pool and resource pool sharing may be considered for periodic and aperiodic traffic. The resource allocation mechanism should be FFS.
Proposed 2: For our point of view, the sidelink resource granularity for resource sensing and selection should be considered with different packet sizes. 
Proposed 3: For sub-channel based resource allocation, we suppose to allocate the important PSCCH information in the middle of sub-channel.
Proposed 4: Sidelink measurement for NR V2X mode 2 resource sensing and selection procedure may be important. The measurement report may receive from the base station (i.e. gNB) or the other UEs. 
Proposed 5: The measurement report may include the UE location, traffic specific configuration (i.e. periodic and aperiodic traffic) or else.
Propose 6: For our point of view, LTE V2X long-term sensing can be reused for NR V2X resource allocation, but it needs to combine the mechanism with short-term sensing. 
Propose 7: The short-term sensing can be combined with the long term sensing for sidelink resource allocation. The mechanism is FFS.
Proposed 8: When UEs transmit information with PC5 link, it may also get some assistance information from Uu link.
Proposed 9: Individual resource pool configuration and/or individual resource configuration through the group header to each group member UE will provide by gNB. The configurations depend on the group header capability. 
Proposed 10: UEs can be divided into different groups based on geo-information. Each group will decide the group header by some information. The group header selection mechanism will be FFS.

Observation 5: 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 6: 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 11:  The mechanism to report geographical information to gNB should be FFS.
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