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Introduction
In RAN 1 #98bis meeting, the following agreements on mode 2 resource allocation for NR V2X have been made.
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
Agreements:
· 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
Based on the above conclusions, more details of resource allocation in mode 2 should be discussed and determined. In this contribution, we will mainly discuss and make proposals for the remaining issues of resource allocation in mode 2. 

Mode 2 resource scheme procedure
On sidelink, UE performs sensing and resource selection to choose V2X resources in mode 2 resource pool. The detailed procedure of sensing and resource selection is discussed below.
Step 1: Identification of candidate resources 
In RAN1 #98 meeting, it is concluded that 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. Based on that, UE can blindly detect SCI in sidelink resource pool and obtain the information of the occupied resources and then exclude them from its candidate resources set.
As for L1 SL-RSRP measurement in the above procedure, we prefer that the sensing UE measure SL-RSRP based on the DMRS of PSSCH. Although SL-RSRP can be defined based on the DMRS associated with PSCCH, the time and frequency range of the DMRS REs for PSCCH is less than it for PSSCH. In general, the SL-RSRP measurement based on DMRS of PSSCH is more accurate than using DMRS of PSCCH.
[bookmark: _Toc24040191][bookmark: _Toc8607]In sensing procedure, SL-RSRP should be measured according to DMRS of PSSCH.
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. Under the condition that ratio of identified candidate resources is less than X%, if the threshold using for resources exclusion is growing all the time without additional condition to stop its increment, this may result in a extremely high RSRP threshold. This means that the mutual interference between the sensing UE and other TX UE(s) will be very strong on the identified candidate resources. If the sensing UE performs V2X transmission on the strong interference resources, it is possible that transmissions of both the sending UE and other TX UE(s) cannot be received correctly. Therefore, additional conditions should be introduced to stop RSRP threshold increment. When the RSRP threshold using for resources exclusion exceeds a pre-defined threshold, the RSRP threshold increment should be stopped.
[bookmark: _Toc4652][bookmark: _Toc24040192]In Step 1, when the RSRP threshold exceeds a pre-defined threshold, the RSRP threshold increment should be stopped.
Step 2: Resource selection
After determining the identified candidate resources, a UE should report the resources set to its high layer by which the actual resource for sidelink signal transmission can be finally selected. The selection principle and potential relevant factors should be discussed and determined by high layer. 
[bookmark: _Toc24040193][bookmark: _Toc27706]The identified candidate resources should be reported to high layer to select the actual resource for sidelink transmission. 

[bookmark: _Toc6764][bookmark: _Toc939][bookmark: _Toc24792]Resource reservation
Initial transmission resource reservation
In the 98b-NR-14 email discussion, it is concluded that one of the following should be down-selected. 
· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI
· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI
· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s)
· Alt 1 is not supported in this case
In this section, we will evaluate and compare the performance of Alt 1 and Alt 2. Considering the similar performance between Alt.1-1 and Alt.1-2, we use Alt.1-2 to represent the performance of Alt 1. In our simulation, sensing based resource selection is performed based on the results of SCI decoding and SL-RSRP measurements. For the evaluation of the Alt 1, SL-RSRP of an initial transmission of a TB is obtained based on SL-RSRP measurement of PSSCH DMRS included in a single sub-channel PSCCH+PSSCH. More details of simulation assumption are listed in appendix. 
[image: ][image: ]
[bookmark: _Ref7241]Figure 1 Freeway scenario
[bookmark: _Ref7382][image: ][image: ]
Figure 2 Urban scenario
The performance difference of dynamic initial transmission resource selection with/without the single sub-channel PSCCH+PSSCH is simulated and shown in Figure 1 and Figure 2. It shows that with resource reservation indication in the single sub-channel PSCCH+PSSCH for initial transmission, better PRR can be achieved.
Based on the above simulation results, it is suggested that Alt.1 should be supported. For two sub- options in Alt.1, their advantages and disadvantages are shown as follows.
· In Alt.1-1, the BLER of the first transmission of a TB is higher than that of the retransmission(s) of this TB.
· In Alt.1-1, the resource of the first transmission of a TB is usually much smaller than that of retransmission(s) of this TB. In this case, how to do TBS determinations need to be considered, which will affect the implementation and protocol complexity of the MAC layer.
· In Alt.1-2, the 2nd stage SCI included in a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission is carried by a SCI only PSSCH. UCI only PUSCH has been supported in NR Rel-15. Therefore, the implementation of the single sub-channel PSCCH+PSSCH in this scheme has no additional complexity.
· In Alt.1-2, the 2nd stage SCI can be a new SCI format, and thus Alt.1-2 can be further improved so that the bandwidth of the PSCCH+PSSCH reserving resource(s) for the initial transmission can be less than one sub-channel. This means that the transmission of PSCCH+PSSCH reserving resource(s) for the initial transmission has less interference to other UEs.
Based on the above analysis, compared withAlt.1-1, the Alt.1-2 has less complexity , and can be further improved so that the transmission of PSCCH+PSSCH reserving resource(s) for the initial transmission has less interference to other UEs. Therefore, we prefer Alt.1-2.
[bookmark: _Toc25057][bookmark: _Toc24040194]Resource reservation for the initial transmission is supported by a single sub-channel PSCCH+PSSCH, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI.
Resource reservation of retransmission(s) and another TB
In the 98b-NR-15 email discussion, it is concluded that the following conclusion is agreed for resource reservation of retransmission(s) and another TB.
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, NMAX is 3
· SCI signaling is designed to allow to indicate 1 or 2 or 3 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool
· FFS: if full flexibility is limited in some cases
· Value 2 or 3 is (pre-)configured per resource pool
· FFS size of window W
· 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, select in RAN1#99 from the following:
· Option 1-a. A period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods
· FFS number of subsequent reservation periods
· FFS NMAX is always same regardless if a period > W is additionally signaled or not for SCI size perspective.
· Option 1-b. A time gap > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX  within window W at resources indicated by the time gap
· FFS NMAX is always same regardless if a time gap > W is additionally signaled or not for SCI size perspective.
· Option 2. There is no additional field (NDI and HARQ ID are used at the moment of SCI reception) to distinguish reservation for another TB, and at least one of NMAX resources can be signaled beyond window W
Considering the better sensing in the period service, it is suggested that reservation of a sidelink resource for subsequent reservation periods should be supported. In the above options, resource reservation up to multiple reservation periods can be supported by Option 1-a or Option 2. However, if the resource reservation of multiple periods is supported by using Option 2, it means that the NMAX in Option 2 needs to be increased, which will lead to excessive SCI overhead. Therefore, it is suggested that Option 1-a should be supported in order to indicate resource reservation of multiple periods.
[bookmark: _Toc20586873]In addition, resource reservation for another TB should also be supported in the burst traffic. For example, when a large package is split into multiple TBs, one SCI can indicate resource reservation of another TB. In the above options, Option 1-b and Option 2 can support resource reservation of another TB of burst traffic. Comparing the two options, we don’t find that Option 2 has advantages in terms of SCI payload, etc. It is better that the resource reservation mechanism of period services is as similar as that of burst traffic, and thus it is suggested that Option 1-b is used for supporting resource reservation of another TB in the burst traffic. 
[bookmark: _Toc24040195][bookmark: _Toc8359]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, option 1-a and option 1-b should be supported in order to indicate the resource reservation of another TB in the period and burst traffic.

Re-evaluation in the resource (re-)selection procedure 
In the RAN1 #98bis meeting, it is concluded that resource (re-)selection procedure supports re-evaluation of Step 1 and Step 2 before transmission of SCI with reservation. In this section, we focus on the following two remaining issues of re-evaluation of Step 1 and Step 2 in the RAN1 #98bis meeting.
· FFS condition to change resource(s) from previous iteration to resource(s) from current iteration
· FFS whether to handle it differently for blind and feedback-based retransmission resources
For the condition to change resource(s) from previous iteration to resource(s) from current iteration, we think that reevaluation of step 1 and step 2 should be triggered be MAC layer. This is because the physical layer does not know the actual location of the resources selected by the MAC layer before the MAC layer notifies the physical layer to send the SCI indicating reserved resources. Therefore, the physical layer cannot know whether the actual selected resources are pre-empted by another UE, and does not know whether to perform reevaluation of Step 1 and Step 2. Therefore, it is suggested that MAC layer decide and trigger whether to execute reevaluation of step 1 and step 2. After the MAC layer trigger reevaluation of Step 1 and Step 2, physical layer needs to reevaluate Step 1 and report new identified candidate resources to MAC layer. In this procedure, we think that the sensing procedure performed by the physical layer should not be affected, that is to say, the sensing procedure performed by the physical layer is the same between the initial evaluation and reevaluation of Step 1.
[bookmark: _Toc24040196][bookmark: _Toc17295]For the re-evaluation of Step 1 and Step 2, the sensing process performed by the physical layer should not be affected.
As for the resource selection of feedback based retransmission, some companies suggest that HARQ RTT between two transmissions of a TB should be considered in the resource (re)selection procedure. That is to say, it should be guaranteed that the GAP between two transmissions of a TB is not less than the minimum HARQ RTT requirement in the resource (re)selection procedure. Assuming that this requirement need be met, this requirement should be implemented through step2 of MAC layer rather than physical layer, because it is more complex for physical layer to implement this mechanism. Whether or how to ensure that the GAP between two transmissions of a TB is not less than the minimum HARQ RTT should be determined by RAN2.

[bookmark: _Toc23524][bookmark: _Toc12012]Whether to use released resource(s) of feedback-based retransmissions of the transmitting UE
In this section, we will discuss on whether or not released resource(s) of feedback-based PSSCH retransmissions of the transmitting UE should be used by the receiver UE(s) and other UEs. In RAN1 #97 meeting, it is agreed that no additional signaling is defined for the purpose of release of unused resources release. If the receiver UE(s) and other UE(s) want to use released resources of feedback-based PSSCH retransmissions, one solution is that these UEs judge whether or not the resource(s) of feedback-based PSSCH retransmissions is released by HARQ feedback from receiver UE(s). However, it makes the sensing process more complete if the sensing user determine the occupancy of resources in the resource window by HARQ feedback from receiver UE(s). In addition, the intention for the receiver UE(s) and other UE(s) to reuse released resources of feedback-based PSSCH retransmissions is to avoid waste of resources. Moreover, due to errors for HARQ feedback information, both the receiver UE(s) and other UE(s) may incorrectly occupy feedback-based PSSCH retransmissions resource(s) not being released by the transmitting UE. This will lead to mutual interference between the transmitting UE and the receiver/other UE(s), and V2X communication on resources for feedback-based PSSCH retransmissions becomes unreliable. 
For the groupcast communication in Figures 3 and 4, the transmitting UE1 sends PSCCH/PSSCH, and UE2 and UE3 in the same group perform HARQ feedback . In Figure 3, UE4 can correctly receive ACK information from UE3, but fails to receive NACK information from UE2. As a result, the sensing UE4 mistakenly use the resource(s) of feedback-based PSSCH retransmissions not released by the transmitting UE1, and the transmitted signal from UE4 is seriously interfered by the transmitting UE1. In Figure 4, the sensing UE4 can only sense the ACK information from UE2, and cannot find that DTX phenomenon had happened for the UE3. Therefore, the UE4 performed V2X transmission in the unreleased resource of feedback-based PSSCH retransmissions. So, the signal from UE1 to UE3 is seriously interfered by the UE4. 
For the unicast communication, when the receiver UE and other UEs decide to use resource(s) of feedback-based PSSCH retransmissions of the transmitting UE based on the ACK information from the receiver UE, in fact the resource(s) of feedback-based PSSCH retransmissions may be used to transmit another TB of the transmitting UE. Therefore, resource conflict between the transmitting UE and the receiver/other UE(s) is about to occur.  
[image: ]
Figure 3 Signal from the sensing UE4 is seriously interfered by the transmitting UE1
[image: ]
Figure 4 Signal from the transmitting UE1 is seriously interfered by the sensing UE4
Based on the above discussion, we suggest that the sensing and resource selection procedures for other UEs are not impacted by the HARQ Feedback information from both the receiver UE(s) and other UE(s).
[bookmark: _Toc31164][bookmark: _Toc17929][bookmark: _Toc25591][bookmark: _Toc24040197][bookmark: _Toc16859]For both the receiver UE(s) and other UE(s), the HARQ Feedback information cannot be used for resource selection from the resource(s) of feedback-based PSSCH retransmissions of the transmitting UE.

Zone based resource pool selection
In this section, we will evaluate the performance of the zone base resource allocation, and provide our views on zone base resource allocation. In our simulations, the pattern grids are wrapped around across the simulation area, and two setups of zone size are used. More detail simulation assumption can be found in the appendix and our companion contribution [2] .
· Zone size is 50m-by-50m, and pattern grid size is 3-by-3;
· Zone size is 20m-by-20m, and pattern grid size is 4-by-4.
[image: ]
[bookmark: _Ref210]Figure 5 PRR comparison 
As shown in Figure 5, the performance of zone based scheme is worse than the performance of non zone-based scheme. In the zone based scheme, the resources available within one zone are limited, and thus the UEs sharing the same small resource pool would experience more resource selection collisions and more severe half duplex issues. 
[bookmark: _Toc16882407][bookmark: _Toc7965][bookmark: _Toc5845]The zone-based resource pool scheme offers no performance benefit comparing to non-zone-based resource pool scheme.
[bookmark: _Toc24040198][bookmark: _Toc17373][bookmark: _Toc5755]The zone-based resource pool scheme is not supported in NR V2X.
Pre-emption mechanism
In RAN1 #98bis meeting, it is concluded that 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. In our opinion, it is natural that a UE should triggers reselection of already signaled resource(s) no later than the m-T3. Where m represents the moment of SCI indicating resource reservation, and T3 is introduced to cover resource reselection processing time.
In addition, it is FFS that whether or not to support other potential UE behaviour (e.g, power boosting/reduction). We don't find it necessary to introduce other UE behaviors. For the power boosting/reduction mechanism, the interference from a UE to the higher priority UE cannot be avoided and it is difficult to ensure the communication reliability of higher priority UE.
For the power reduction mechanism, it should be guaranteed that the power of the lower UE is no more than a power threshold if resource conflicts occur between a UE and a higher priority UE. If the power threshold is determined by the implementation of each UE that triggers the reselection of resources, some self-centered UEs will adopt large power thresholds , and this will cause strong interference to high priority UEs. Therefore, the power threshold needs to be determined by standardization discussion, and it should be noted that it is difficult to select the power threshold. If a high power threshold is adopted, it means that the low priority UE will cause strong interference to a higher priority UE, so the communication reliability of the higher priority UE cannot be guaranteed. On the contrary, when the power threshold is very low, the communication for a lower priority UE may not be guaranteed basically, and the introduction of power reduction mechanism becomes meaningless.
In the power boosting mechanism, it is expected that the power of a higher priority UE is boosted in order to improve the communication reliability. However, when the transmitting power reaches the maximum capacity of a UE, it is difficult for the high priority to perform power boosting. In addition, if a target UE conflicting with a lower priority UE perform power boosting, it may cause strong interference to another UE whose priority is greater than or equal to this target UE when resources of another UE overlap with the target UE within a certain distance. Therefore, the communication reliability of another higher priority UE is seriously affected.
Based on the above analysis, we suggest that no other UE behavior (e.g., power boosting / reduction) is introduced when resources of a UE overlap with another higher priority UE and the measured RSRP on the overlapped resource(s) is larger than an associated SL-RSRP threshold.
[bookmark: _Toc22157][bookmark: _Toc24040199][bookmark: _Toc29016]For pre-emption, no other UE behavior (e.g., power boosting / reduction) is introduced.

[bookmark: _Toc32693][bookmark: _Toc11964][bookmark: _Toc5119][bookmark: _Toc23750]Conclusion
This paper discusses remaining issues of resource allocation in mode 2, including sensing, resource selection procedure and resource reservation, etc. Based on these discussions, we have the following observation and proposals.
Observation 1: The zone-based resource pool scheme offers no performance benefit comparing to non-zone-based resource pool scheme. 
Proposal 1: In sensing procedure, SL-RSRP should be measured according to DMRS of PSSCH.
Proposal 2: In Step 1, when the RSRP threshold exceeds a pre-defined threshold, the RSRP threshold increment should be stopped.
Proposal 3: The identified candidate resources should be reported to high layer to select the actual resource for sidelink transmission.
Proposal 4: Resource reservation for the initial transmission is supported by a single sub-channel PSCCH+PSSCH, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI.
Proposal 5: 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, option 1-a and option 1-b should be supported in order to indicate the resource reservation of another TB in the period and burst traffic.
Proposal 6: For the re-evaluation of Step 1 and Step 2, the sensing process performed by the physical layer should not be affected.
Proposal 7: For both the receiver UE(s) and other UE(s), the HARQ Feedback information cannot be used for resource selection from the resource(s) of feedback-based PSSCH retransmissions of the transmitting UE.
Proposal 8: Zone-based resource pool scheme is not supported in NR V2X.
Proposal 9: For pre-emption, no other UE behavior (e.g., power boosting / reduction) is introduced.
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Appendix
Appendix A: Assumptions of resource reservation simulation
	Parameter
	value

	Deployment
	Freeway/urban

	UE drop
	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Clustered dropping is not used.
-	Vehicle speed is 140 km/h in all the lanes for the highway scenario	
-	Vehicle speed is 60 km/h in all the lanes for the urban scenario.

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz

	Subcarrier spacing
	15KHz/30KHz

	Aperiodic Traffic model
	Model 1 (medium traffic intensity)
-	Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
-	Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
-	Latency requirement: 50 ms
-	100% vehicles generate packets.

	Transmission number
	2

	Channel model
	As defined in 37.885

	Receiver algorithm
	MMSE-IRC

	Number of Tx/Rx antenna elements for vehicle UE
	2Tx/4Rx for 6 GHz

	Antenna model for vehicle UE
	Option 1


Appendix B: Assumptions of zone based resource pool simulation
	Parameter
	value

	Deployment
	Freeway

	UE drop
	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Clustered dropping is not used.
-	Vehicle speed is 140 km/h in all the lanes for the highway scenario	

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz

	Subcarrier spacing
	15KHz

	Aperiodic Traffic model
	Model 1 (medium traffic intensity)
-	Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
-	Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
-	Latency requirement: 50 ms
-	100% vehicles generate packets.

	Transmission number
	2

	Channel model
	As defined in 37.885

	Receiver algorithm
	MMSE-IRC

	Number of Tx/Rx antenna elements for vehicle UE
	2Tx/4Rx for 6 GHz

	Antenna model for vehicle UE
	Option 1
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