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1. [bookmark: _GoBack]Agreements from the RAN1 #98bis
At RAN 1 #98bis [1], the resource allocation for NR sidelink mode 2 related agreements are shown as follows,

Agreements:
· Maximum number of HARQ (re-)transmissions is (pre-)configured per priority per CBR range per transmission resource pool	
· The priority is the one signaled in SCI
· This includes both blind and feedback-based HARQ (re)-transmission
· The value range is any value from 1 to 32
· If the HARQ (re)transmissions for a TB can have a mixed blind and feedback-based approached (FFS whether or not to support this case), the counter applies to the combined total

Agreements:
· Resource (re-)selection procedure supports re-evaluation of Step 1 and Step 2 before transmission of SCI with reservation
· The re-evaluation of the (re-)selection procedure for a resource reservation signalled in a moment ‘m’ is not required to be triggered at moment > ‘m – T3’ (i.e. resource reselection processing time needs to be ensured)
· FFS condition to change resource(s) from previous iteration to resource(s) from current iteration
· FFS relationship of T1 and T3, if any
· FFS whether to handle it differently for blind and feedback-based retransmission resources

Agreement:
· In Step 1, initial L1 SL-RSRP threshold for each combination of pi and pj is (pre-)configured, where pi - priority indication associated with the resource indicated in SCI and pj - priority of the transmission in the UE selecting resources

Agreements:
· In Step 1, when the ratio of identified candidate resources to the total number of resources in a resource selection window, is less than X%, all configured thresholds are increased by Y dB and the resource identification procedure is repeated
· FFS value(s)/configurability of X 
· At least one value of X=20
· Y=3
· FFS other conditions to stop RSRP threshold increment, if any

Agreements:
· Support a resource pre-emption mechanism for Mode-2
· A UE triggers reselection of already signaled resource(s) as a resource reservation in case of overlap with resource(s) of a higher priority reservation from a different UE and, SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold
· Only the overlapped resource(s) is/are reselected
· FFS
· the timeline for reselection
· other details
· FFS whether or not to support other potential UE behaviour (e.g, power boosting/reduction)



· This mechanism can be enabled or disabled, per resource pool
· FFS details

In this contribution, we provide our views on resource allocation mechanism for NR sidelink mode 2, including the issues left open in the previous agreement.
2. NR Sidelink Resource Allocation for Mode-2 
As mentioned in the RAN 1 #94 agreement [2], there are four types of NR sidelink resource allocation for mode-2. 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) density, UE density, coverage, mobility, latency, reliability, and Quality of Service (QoS) requirements need to be considered. The legacy sidelink resource allocation schemes may not be suitable to be reused for NR V2X mode 2. 
In NR V2X, sidelink will support different requirements and different characteristics of the traffic. 
· Packets may vary in size.
· Packet arrivals processes include periodic arrivals and aperiodic arrivals.
Observation 1: In NR V2X, sidelink will support different requirements and different characteristics of traffic. For example, the packet may vary in size and packet arrivals processes include periodic and aperiodic traffic arrivals.
LTE V2X 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 V2X. Besides, if all of the UE does the resource sensing and selection without any information from the base station or other UEs, it will cause a severe collision problem. Therefore, we need to redefine and redesign sidelink resource granularity and sidelink measurement for NR V2X mode 2.  
2.1  Sidelink Measurement Contents for NR V2X

Agreements: (RAN 1 #96)
· 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

In RAN 1 #96 meeting [4], it was agreed to support the use of L1 SL-RSRP measurement of sidelink DMRS when the corresponding SCI is decoded. However, if the corresponding SCI is not decoded, whether or which measurement is not discussed yet. In our view, there are two alternatives when SCI is not decoded:
· Option 1: SL-RSRP after blind DMRS detection 
· Option 2: SL-RSSI for sidelink measurement. 
For option 1, it can be reused SL-RSRP after blind DMRS detection the same as the SCI is decoded. For option 2, it can easy to use SL-RSSI for sidelink measurement, especially in the interference-limit or noise-limit scenario. Therefore, both SL-RSRP and SL-RSSI can be used for sidelink measurement.     
Proposal 1: In our view, there are two alternatives when the SCI is not decoded. Option 1 is SL-RSRP after blind DMRS detection and option 2 is SL-RSSI for sidelink measurement. From our point of view, we support to use both SL-RSRP and SL-RSSI for sidelink measurement.
Regarding the resource sensing criteria, we assume that sidelink measurement would be one of baselines. 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 used.
· 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 figure 1, 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 or roadside unit (RSU) will broadcast the combination table to all of the UEs. Finally, the UE will select the idle resource based on the combination table.
         [image: ]
Figure 1: Illustration of Sidelink measurement report 

Proposal 2: Sidelink measurement for NR V2X mode 2 resource sensing and selection procedure may be necessary. The measurement report may receive from the base station (i.e., gNB) or the other UEs. 
Proposal 3: The measurement report may include the UE location, traffic specific configuration (i.e., periodic and aperiodic traffic) or else.

2.2 Resource Sensing Procedure
Regarding the duration of resource sensing procedure, SCI decoding applied during sensing procedure is agreed in the previous meeting [3] [5] [6]. To increase resource utilization and reduce resource collision for NR V2X, long-term sensing may not be the only procedure for resource sensing. 

Agreements: (RAN 1 # 95)
· Sensing procedure is defined as SCI decoding from other UEs and/or sidelink measurements




Agreement: (RAN 1 # Ad hoc 1901)
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 


2.2.1 Hybrid Resource Sensing Procedure for Periodic and Aperiodic Traffic
In general, sidelink measurements and sidelink decoded information are used for identifying occupied or idle resources. The information for sidelink measurements includes S-RSRP, S-RSSI, S-RSRQ, and geographical location information. Sidelink Information obtains from SCI decoding should include time/frequency resource allocation, resource reservation, and priority of the packet. As shown in figure 2, SCIs can be decoded by UE in each period of time. UE has whole resource allocation information and resource reservation information for future period time. However, it depends on UE capability. Long-term sensing is mainly designed for periodic traffic, and it can solve the problem of resource allocation conflict of LTE V2X almost perfectly. 
The main problem is whether long term sensing can also be nearly perfect to handle the periodic and aperiodic traffic resource allocation or not. The answer is no. There are many kinds of traffic types for NR V2X mode 2 and the aperiodic traffic comes instant and urgent. The resource allocation collision for NR V2X mode 2 will be more severe challenge than the LTE V2X mode 4. Therefore, in order to effectively handle the resource collision problem of NR V2X 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.
Proposal 4: From our point of view, we support the hybrid resource sensing procedure for periodic and aperiodic traffic, which include the long-term sensing and short-term sensing procedure. 
There are several advantages of short-term sensing. One of the critical advantages is short term sensing may reinforce the long term sensing to solve resource allocation collision problem. Moreover, short-term sensing is expected to provide degraded performance to handle aperiodic traffic. Therefore, we suppose short-term sensing can be merged with the long term sensing for sidelink resource sensing procedure. 
[image: ]
Figure 2: Hybrid resource sensing type 1 scheme
The hybrid resource sensing type 1 scheme is shown in figure 2, long-term sensing is adopted similar to LTE V2X. The sensing period is 1000 (ms). After the trigger time, the periodic traffic UE will start to do the resource selection in the selection window. While the resource selection is in progress, the short term sensing can be held on at the same time. UE can decode the SCI or measure the energy to find out the idle resources. Besides, short term sensing can be based on the results of long term sensing. However, type 1 scheme may not be suitable to apply the frequent occurring aperiodic traffic and it has less standard impact. Therefore, we propose a 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 do the SCI decoding at the next short term sensing. In conclusion, type 2 scheme can be more flexible in solving the periodic and aperiodic traffic coexistence. Furthermore, type 2 scheme can also achieve the goal of reducing resource collisions. However, the type 2 scheme will increase the complexity of the resource sensing procedure than the type 1 scheme, but it is a more efficient and low latency method. From our point of view, we support both hybrid resource sensing type 1 and type 2 scheme. 
[image: ]
Figure 3: Hybrid resource sensing type 2 scheme

Proposal 5: From our point of view, we support both hybrid resource sensing type 1 and type 2 scheme. 
2.3 Discussion on Resource Selection Procedure
Agreements: (RAN 1 # 97)
· Resource selection window is defined as a time interval where a UE selects sidelink resources for transmission
· The resource selection window starts T1 ≥ 0 after a resource (re-)selection trigger and is bounded by at least a remaining packet delay budget
· FFS T1 value, whether it is measured in slots, symbols, ms, etc.
· FFS other conditions

The use cases of latency requirements are summarized in the following table in 3GPP TR 22.886 [7], the latency requirements are varied from 3ms to 100ms. It is not feasible to realize the low latency requirement with Rel-14 V2X numerology and current UE’s capability.
Table I. The use cases of V2X in TR 22.886 
	
	Latency
	Reliability
	Data rate
	Communication range

	Platooning
	10 ~ 25 ms
	90 ~ 99.99%
	12 kbps ~ [65] Mbps
	[5] ~ [10} sec * relative speed

	Advanced driving
	[3] ~ [100] ms
	[99.99] ~ [99.999]%
	65 kbps ~ [50] Mbps
( DL [0.5] UL [50] Mbps)
	[5] ~ [10} sec * relative speed

	Extended sensors
	3 ~ 100 ms
	90 ~ 99.999%
	25 ~ 1000 Mbps
	50 ~ 1000 meters

	Remote driving
	5 ~ [20] ms
	[99.999]%
	UL 25, DL 1 Mbps
	



In the specification of Rel-14 V2X, UEs select resources in the selection window [n+T1, n+T2], where n is the packet arrival time variable at Layer 1 and T2 is between 20 ms and 100 ms and show in figure 4. For the minimum value of T2, the value lower than 20 ms is already included and can be used for shorter latency requirements in Rel-15. T1 value is set smaller or equal than 4 (ms) in Rel-14 and Rel-15 V2X. However, the latency requirement for NR V2X is stricter than the LTE-V2X and enhanced V2X. Therefore, we need to figure out some solutions to adjust the T1 and T2 values.
[image: ]
Figure 4: LTE Rel-14 resource sensing and (re)-selection in sidelink transmission mode 4

In NR V2X, subcarrier spacing (SCS) can be one of the solutions. Compared to LTE-V2X, NR V2X can use multiple types of SCS. As shown in Table II, different SCS correspond to different slot duration. For example, when SCS is 15 kHz, the slot duration is 1ms; when SCS is 30 kHz, the slot duration is 0.5 ms. Therefore, T1 value can be reduced when adopting different SCS. It can be measured in slots with various slot duration.

Table II. Subcarrier spacing in TS 38.211 [8]
	SCS
	PRB
bandwidth
	Frame
duration
	Subframe
duration
	Slots per
frame
	Slots per
subframe
	Slot
duration
	Symbols per
slot

	15 kHz
	180 kHz
	10 ms
	1 ms
	10
	1
	1 ms
	14

	30 kHz
	360 kHz
	10 ms
	1 ms
	20
	2
	500 μs
	14

	60 kHz
	720 kHz
	10 ms
	1 ms
	40
	4
	250μs
	14

	120 kHz
	1.44 MHz
	10 ms
	1 ms
	80
	8
	125μs
	14

	240 kHz
	2.88 MHz
	10 ms
	1 ms
	160
	16
	62.5μs
	14



There are many discussions in the past meeting for latency reduction with T2 value. Reduced T2 may lead to resource collision issues with smaller resource (re-)selection window size. Therefore, it may lead to resource collision issues more significant. For example, if T2 is set as 10ms, the candidate resource is halved compared to the case of T2 is set as 20ms. To mitigate the collision issue, UE with small T2 value also needs to have more candidate resources and/or candidate carriers. Therefore, under the cases of high ProSe Per-Packet Priority (PPPP) and/or small T2 value, more candidate resources and/or candidate carriers should be provided to mitigate collision issues in the Rel-15 meeting [9]-[12]. From our point of view, T2 value reduction can also consider adopting different SCS.
Proposal 6: T1 value can be reduced when adopting multiple types of SCS. It can be measured in slots with different slot duration. Furthermore, T2 value reduction can also consider adopting different SCS.
Agreements: (RAN 1 # 98)
· 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

Agreements: (RAN 1 # 98 bis)
· In Step 1, when the ratio of identified candidate resources to the total number of resources in a resource selection window, is less than X%, all configured thresholds are increased by Y dB and the resource identification procedure is repeated
· FFS value(s)/configurability of X 
· At least one value of X=20
· Y=3
· FFS other conditions to stop RSRP threshold increment, if any

In RAN 1 #98 meeting [6], it was agreed the resource is indicated in a received SCI and the associated L1 SL-RSRP measurement is above an SL-RSRP threshold. Furthermore, the SL-RSRP threshold corresponds to the priority. In general, SL transmission with high priority will be given to the special emergency case and SL transmission with low priority will be given to the general case. Hence, SL transmission with high priority should have more candidate resources to make sure that the selected resources will not collide with that selected by other UE. Therefore, we suggest that the high priority of the SL transmission will correspond to a high SL-RSRP threshold. Conversely, the low priority of the SL transmission will correspond to a lower SL-RSRP threshold.
An increase in the RSRP threshold means that the RSRP value measured by the UE is more likely to be less than the RSRP threshold. In other words, resources are easily considered as candidate resources by all measured UEs, and the possibility of resource collisions is greatly increased. Therefore, the RSRP threshold increment must be limited. From our point of view, the RSRP threshold should be set to an upper limit, which should stop RSRP threshold increment when the threshold reaches the upper limit.
Observation 2: In general, SL transmission with high priority will be given to the special emergency case and SL transmission with low priority will be given to the general case. Hence, SL transmission with high priority should have more candidate resources to make sure that the selected resources will not be collided with that selected by other UE.
Proposal 7: The high priority of the SL transmission will correspond to a high SL-RSRP threshold. Conversely, the low priority of the SL transmission will correspond to a lower SL-RSRP threshold.
Proposal 8: From our point of view, the RSRP threshold should be set to an upper limit, which should stop RSRP threshold increment when the threshold reaches the upper limit.
2.4.	Reservation of Resources for Blind Retransmission
[bookmark: _Hlk20754343]There are two resource reservation methods, 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.
Observation 3: Look-ahead reservation and chain reservation pose a trade-off between reliability and signaling overhead. 
[bookmark: _Hlk20754419]Proposal 9: A hybrid reservation mechanism is adopted, in which the chain reservation follows right after the last blind retransmission reserved by look-ahead retransmission. The detail of mechanism is FFS.
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 4: 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 5: 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 10: The mechanism to report geographical information to gNB should be FFS.
4.	Conclusion
In this contribution, we discussed resource allocation for NR V2X mode 2. The discussion and analysis lead to the following observations and proposals:
Observation 1: In NR V2X, sidelink will support different requirements and different characteristics of traffic. For example, the packet may vary in size and packet arrivals processes include periodic and aperiodic traffic arrivals.
Proposal 1: In our view, there are two alternatives when the SCI is not decoded. Option 1 is SL-RSRP after blind DMRS detection and option 2 is SL-RSSI for sidelink measurement. From our point of view, we support to use both SL-RSRP and SL-RSSI for sidelink measurement.
Proposal 2: Sidelink measurement for NR V2X mode 2 resource sensing and selection procedure may be necessary. The measurement report may receive from the base station (i.e., gNB) or the other UEs. 
Proposal 3: The measurement report may include the UE location, traffic specific configuration (i.e., periodic and aperiodic traffic) or else.
Proposal 4: From our point of view, we support the hybrid resource sensing procedure for periodic and aperiodic traffic, which include the long-term sensing and short-term sensing procedure. 
Proposal 5: From our point of view, we support both hybrid resource sensing type 1 and type 2 scheme.
Proposal 6: T1 value can be reduced when adopting multiple types of SCS. It can be measured in slots with different slot duration. Furthermore, T2 value reduction can also consider adopting different SCS.
Observation 2: In general, SL transmission with high priority will be given to the special emergency case and SL transmission with low priority will be given to the general case. Hence, SL transmission with high priority should have more candidate resources to make sure that the selected resources will not be collided with that selected by other UE.
Proposal 7: The high priority of the SL transmission will correspond to a high SL-RSRP threshold. Conversely, the low priority of the SL transmission will correspond to a lower SL-RSRP threshold.
Proposal 8: From our point of view, the RSRP threshold should be set to an upper limit, which should stop RSRP threshold increment when the threshold reaches the upper limit.
Observation 3: Look-ahead reservation and chain reservation pose a tradeoff between reliability and signaling overhead. 
Proposal 9: A hybrid reservation mechanism is adopted, in which the chain reservation follows right after the last blind retransmission reserved by look-ahead retransmission. The detail of mechanism is FFS.
Observation 4: 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 5: 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 10: The mechanism to report geographical information to gNB should be FFS.
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