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Introduction
In this contribution, we will mainly discuss and make proposals for the remaining issues of mode 2 resource allocation schemes on sidelink. This includes aspects for re-evaluation and pre-emption, processing time, SCI indication, and step 2 procedure, etc.
In the email thread [100e-NR-5G_V2X_NRSL-RA_Mode2-01], some conclusions on re-evaluation/pre-emption were agreed and presented as follows.
	Proposal 1
· For re-evaluation of a pre-selected resource contained in a slot ‘k’ to be first time signaled in a slot ‘m’, where k ≥ m,
· Step 1 of the resource (re-)selection procedure is performed at least at the moment ‘m-T3’, and if the pre-selected resource is not in the identified candidate resource set, Step 2 is triggered for reselection of the resource
· Re-evaluations before the moment ‘m-T3’ or after ‘m-T3’ but before ‘m’ are not precluded and are up to UE implementation
· FFS whether to mandate a UE to perform Step 1 checking every slot before ‘m-T3’
· FFS whether evaluation of Step 2 has to ensure any introduced timing restrictions between pre-selected and re-selected resources when re-evaluation is triggered, and whether it is allowed to change the pre-selected but not reserved resources which are still in the candidate resource set in order to ensure the timing restrictions
· FFS whether for the case of enabled periodic reservation, already reserved resources in upcoming periods can be re-evaluated
Proposal 3
· For pre-emption, both full and partial frequency domain overlap in the same slot are considered as the overlapping condition to trigger resource reselection, wherein the whole resource is reselected even if the partial overlap happened
· (Re-)selection procedure for an already reserved but pre-empted resource to be used for transmission in a slot ‘m’ is not required to be triggered at moment > ‘m – T3’ 
· T3 here is identical to T3 introduced for the re-evaluation
· FFS whether re-selection of the already-reserved, but pre-empted resource applies only to the resource transmitted in slot ‘m’ or to other already-reserved and pre-empted resource(s) signaled in the SCI in slot ’m’ as well


In the email thread [100e-NR-5G_V2X_NRSL-RA_Mode2-02], some conclusions on step 2 details were agreed and presented as follows.
	Proposal 2
· In Step 2, a UE ensures a minimum time gap Z = a + b between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected 
· ‘a’ is a time gap between the end of the last symbol of the PSSCH transmission of the first resource and the start of the first symbol of the corresponding PSFCH reception determined by resource pool configuration and higher layer parameters of MinTimeGapPSFCH and periodPSFCHresource
· ‘b’ is a time required for PSFCH reception and processing plus sidelink retransmission preparation including multiplexing of necessary physical channels and any TX-RX/RX-TX switching time and is determined by UE implementation


In the email thread [100e-NR-5G_V2X_NRSL-RA_Mode2-03], some conclusions on SCI indication were agreed and presented as follows.
	Proposal 1
· Time resource assignment in SCI uses an extended time domain RIV mechanism as follows:
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where
· N denotes the actual number of resources indicated
· Ti denotes i-th resource time offset 
· for N=2,  
· for N=3, , 
Proposal 2
· For frequency resource indication, the following resource index calculation is used
· For Nmax = 2, 
· 
· For Nmax = 3, 
· 
· where 
· f2 denotes lowest sub-channel index for the second resource, if any
· f3 denotes lowest sub-channel index for the third resource, if any
· m denotes number of sub-channels in a frequency resource allocation
· If time domain allocation indicates N < Nmax, the decoded lowest sub-channel indexes corresponding to Nmax minus N last resources are not used
Proposal 3
· Down-select in the next meeting one of the following options 
· Option 1: There is no separate field in the first stage SCI indicating a resource index for the purpose of backward indication, i.e., backward indication is not supported
· Option 2: When periodic reservations are enabled in a resource pool, a separate field of 1 bit in the first stage SCI indicates a resource index for the purpose of backward indication
· Option 3: When periodic reservations are enabled in a resource pool, a separate field of ceil(log2(Nmax)) bit in the first stage SCI indicates a resource index for the purpose of backward indication
Proposal 4
· 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 set of possible period values additionally includes all integer values from 1 to 99 ms
Conclusion 5
· Evaluate till the next meeting whether given the agreed set of configurable reservation periodicities, the change to the exclusion procedure is necessary, wherein currently all configured period values are used for exclusion as inherited from LTE


RSRP measurement
In the section 8.4.2.1 of 38.214, it is found that wrong DM-RS resource elements are used for RSRP measurement. Therefore, it is suggested that description of RSRP measurement in sidelink resource allocation mode 2 should be further modified.
[bookmark: _Toc4230][bookmark: _Toc28694][bookmark: _Toc10042][bookmark: _Toc37366000]To adopt following TP for correction in TS 38.214 section 8.4.2.1.
	8.4.2.1 RSRP for resource selection in sidelink resource allocation mode 2
In sidelink resource allocation mode 2, the UE measures RSRP for resource selection as follows: 
-	PSSCH-RSRP over the DM-RS resource elements for the PSCCH carrying the received SCI format 0-1  the PSSCH according to the received SCI format 0-1 if higher layer parameter RSforSensing is set to “PSSCH DM RS”, and 
-	PSCCH-RSRP over the DM-RS resource elements for the PSSCH according to the received SCI format 0-1 the PSCCH carrying the received SCI format 0-1 if higher layer parameter RSforSensing is set to “PSCCH DM RS”.



Re-evaluation and pre-emption  
Step 1 checking
In the email thread [100e-NR-5G_V2X_NRSL-RA_Mode2-01], it is FFS whether to mandate a UE to perform Step 1 checking every slot before‘m-T3’. If a UE perform step 1 checking in every slot before‘m-T3’, it is required that the UE has high processing capability and higher implementation complexity. Therefore, it is suggested which slots before‘m-T3’ need be reevaluated is up to UE implementation. 
[bookmark: _Toc9445][bookmark: _Toc37366001]It is up to UE implementation whether to perform step-1 checking in every slot before m-T3. 
Resource (re-)selection for re-evaluation
In RAN1 #100e meeting, it is concluded that Step 2 is triggered for the resource re-selection in the re-evaluation procedure if the pre-selected resource is not in the identified candidate resource set. However, there is no conclusion about whether to trigger resource selection for the pre-selected resource contained in the identified candidate resource set, and if yes, how. For simplicity, it should be allowed that the same mechanism is used for both resource re-selection in the re-evaluation and the initial resource selection. In the initial resource selection procedure, a UE randomly selects a resource from the candidate resource set for the n-th transmission of a TB. For the resource re-selection in the re-evaluation, it should be allowed that a UE perform resource re-selection for the pre-selected resource, even though the pre-selected resource is still in the step-1 identified candidate resource set.
[bookmark: _Toc26624][bookmark: _Toc37366002]It is allowed that the same mechanism is used for both resource re-selection in the re-evaluation and the initial resource selection. 
Re-selection of the already-reserved but pre-empted resource
In this section, it is discussed whether re-selection can be also applied to the pre-empted resource(s) that is already reserved by the SCI in slot 'm'. For simplicity, it should be allowed that the initial resource selection process can be reused for resource re-selection triggered by pre-emption. After resource re-selection is triggered due to pre-emption, a UE is allowed to select resources from the identified candidate resource set for each remaining transmission of a TB. 
[bookmark: _Toc23548][bookmark: _Toc37366003]In resource re-selection triggered by pre-emption, the resources already-reserved by SCI, regardless whether pre-empted or not, can be re-selected.
Processing time
The [98bis-NR-16] e-mail discussion reached the following conclusions about Tproc,0, Tproc,1 and T3.
· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· A sensing window is defined by time interval [n – T0, n – Tproc,0) 
· FFS, if Tproc,0 and Tproc,1 are defined separately or as a sum 
· Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1
· FFS relation of T3, Tproc,0, Tproc,1
· Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1
Sensing window
In the section 8.1.4 of 38.214, it is described that “The sensing window is defined by the range of slots [) where  is defined above and  is TBD.” For this cited statement from 38.214, we think  is a typo, and should be changed to . In addition, it is suggested that  is up to UE implementation.
[bookmark: _Toc20051][bookmark: _Toc1834][bookmark: _Toc12244][bookmark: _Toc37366004]To adopt following TP for correction in TS 38.214 section 8.1.4.
	8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
...
The following steps are used:
...
2）The sensing window is defined by the range of slots [) where  is defined above and  is TBD is up to UE implementation. The UE shall monitor slots which can belong to a sidelink resource pool within the sensing window except for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured in these slots.
...


Resource (re)selection window
It is suggested that  includes the following processing delays.
· PSSCH preparation 
· Resource selection
· Sot boundary alignment
With the above processing delay, the processing time  is shown in Figure 4-1.


Figure 4-1 Processing delay for 
On NR Uu, PUSCH preparation time N2[symbols] is defined as the interval between the last symbol of DCI and the first symbol of PUSCH, as shown in Table 4-1. For simplicity, it is suggested that N2 in Table 4-1 can be reused for the processing time of PSSCH preparation although both decoding of DCI and data preparation are considered for PUSCH preparation time N2.
Table 4-1: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36


As for slot boundary alignment, 1 slot is needed as seen in figure 4-1. In addition, it is suggested an additional slot is introduced for resource selection. 
Based on the above discussion, it is suggested that values of  are defined as Table 4-2.
Table 4-2: Recommended values for  
	SCS, kHz
	PSSCH preparation(slots)

	Resource selection(slots)

	Sot boundary alignment(slots)

	Tproc,1, slots

	15
	1
	1
	1
	3(1+1+1)

	30
	1
	1
	1
	3(1+1+1)

	60
	2
	1
	1
	4(2+1+1)

	120
	3
	1
	1
	5(3+1+1)


[bookmark: _Toc37366005]In TS 38.214 section 8.1.4, the following text should be added:
[bookmark: _Toc20652][bookmark: _Toc21901][bookmark: _Toc26457][bookmark: _Toc37366006]Tproc,1 is 3, 3, 4, 5 slots respectively for µ = 0,1,2,3 ,where µ = 0,1,2,3 for SCS 15,30,60,120 respectively.
Processing time T3
It is suggested that T3 includes the following processing time:
· Decoding of 1st stage SCIs
· PSSCH cancellation(or PSSCH preparation)
· Resource selection
· Sot boundary alignment
Considering that the PUSCH preparation time is greater than the PUSCH cancellation time, we obtain T3 according to the processing time of PUSCH preparation and three others. More specifically, N2 in Table 4-1 can be reused for the time sum of decoding of 1st stage SCIs and PSSCH preparation, and the processing delay of resource selection and slot boundary alignment can be obtained from Table 4-2. Therefore, it is suggested that T3 and  have the same value.
[bookmark: _Toc37366007]In TS 38.214 section 8.1.4, the following text should be added:
[bookmark: _Toc4603][bookmark: _Toc7882][bookmark: _Toc486][bookmark: _Toc37366008]T3 is 3, 3, 4, 5 slots respectively for µ = 0,1,2,3, where µ = 0,1,2,3 for SCS 15, 30, 60, 120 respectively.
SCI indication
In RAN1 #100e meeting, it is concluded to down-select one option from the following three candidates.
· Option 1: There is no separate field in the first stage SCI indicating a resource index for the purpose of backward indication, i.e., backward indication is not supported
· Option 2: When periodic reservations are enabled in a resource pool, a separate field of 1 bit in the first stage SCI indicates a resource index for the purpose of backward indication
· Option 3: When periodic reservations are enabled in a resource pool, a separate field of ceil(log2(Nmax)) bit in the first stage SCI indicates a resource index for the purpose of backward indication
In option 2/3, the additional 1~2 bits in the first stage SCI are used to indicate a resource index for the purpose of backward indication.
In option 2/3, if the past time resources are indicated by the backward indication, the number of reservation used to indicate the future PSCCH/PSSCH will be reduced, which is bad to sensing and more prone to resource conflicts. To avoid this problem, it was argued that the backward indication is mainly used in the SCI corresponding to the last transmission of a TB. In NR V2X, the number of transmission of a TB can be up to 32, and thus the expected benefit of backward indication, if any, is very small. In addition, the Tx UE does not know whether a re-transmission is the last one or not at the time of SCI construction unless the re-transmission reaches the maximum number of transmissions. The Rx UE faces the same issue when interpreting the received SCI. So the backward indication field either stays in SCI for non-last re-transmissions but represents nothing, or only presents in SCI for the last re-transmission but needs extra mechanism to help both Tx UE and Rx UE to identify the “last transmission”. That is to say, the performance gain due to backward indication is limited and hard to justify the associated signaling overhead and complexity. .
For backward indication, it seems that a Rx UE can perform HARQ combining for a PSSCH associated with a missed PSCCH. However, it should be noted that RAN1 did not agree yet this feature itself regarding to HARQ combining with a PSSCH whose associated PSCCH is not received correctly. In addition, if HARQ combining for a PSSCH associated with a missed PSCCH is supported, the Rx UE needs to store the reception of each slot, which significantly increases the implementation complexity.
[bookmark: _Toc610][bookmark: _Toc37366009]Backward indication is not supported.
Step 2 procedure
In the RAN1 #100e meeting, there was a view that an unreserved resource cannot be used for the re-transmission of a TB, which means the HARQ re-transmission has to be terminated before success if the chain reservation is broken due to either inter-UE prioritization (e.g., pre-emption), intra-UE prioritization (UL-SL competition) or any other reasons. In this section, we compare the performance of the following two schemes through simulation evaluation.
· Scheme 1: A UE stops transmitting the remaining re-transmission(s) of a TB after chain of resource reservation is broken.
· Scheme 2: A UE can still transmit the next re-transmission of a TB even if chain of resource reservation is broken and the next re-transmission occurs on a unreserved resource.
In our simulation, it is assumed that distance in logical slots between any two selected consecutive resources for SL transmission is less than 32, which can be achieved by UE implementation. To evaluate the impact of the reservation chain interruption, a set of probability of {2%, 5%, 10%} is assumed to be the chance for the re-selected resource (re-selection due to e.g. pre-emption) not to be able to be indicated by chain-based reservation. The other simulation assumptions can be found in the appendix.
[image: ]
[image: ][image: ]
Figure 6-1 Performance comparison between scheme 1 and scheme 2
The PRR performances in Figure 6-1 show that, 
· For the simulated chain breaking probabilities, scheme 2 always has performance gain over scheme 1. 
· The larger the chain breaking probability, the larger the performance gap between two schemes. 
· The chain breaking probability has bigger impact to scheme 1 than to scheme 2. The scheme 2 performance is rather relatively stable against different chain breaking probabilities. In fact, the scheme 2 performance under 10% chain breaking probability is quite close to the scheme 1 performance under 2% chain breaking probability. 
Besides the performance advantage, scheme 2 is also more flexible, given the UE allowing scheme 2 can also choose scheme 1 behavior on a per (re)transmission basis. However, if the specification goes with scheme 1, the scheme 2 is meant to be ruled out.  
[bookmark: _Toc28981][bookmark: _Toc37366010]  The breaking of chain reservation by itself does not terminate the HARQ re-transmissions. A HARQ re-transmission using unreserved resource is allowed. 
Conclusion
This paper discusses remaining issues of resource allocation in mode 2, including re-evaluation and pre-emption, processing time, SCI indication, and step 2 procedure, etc. Based on these discussions, we have the following proposals.
Proposal 1:	To adopt following TP for correction in TS 38.214 section 8.4.2.1.
	8.4.2.1 RSRP for resource selection in sidelink resource allocation mode 2
In sidelink resource allocation mode 2, the UE measures RSRP for resource selection as follows: 
-	PSSCH-RSRP over the DM-RS resource elements for the PSCCH carrying the received SCI format 0-1  the PSSCH according to the received SCI format 0-1 if higher layer parameter RSforSensing is set to “PSSCH DM RS”, and 
-	PSCCH-RSRP over the DM-RS resource elements for the PSSCH according to the received SCI format 0-1 the PSCCH carrying the received SCI format 0-1 if higher layer parameter RSforSensing is set to “PSCCH DM RS”.



Proposal 2:	It is up to UE implementation whether to perform step-1 checking in every slot before m-T3.
Proposal 3:	It is allowed that the same mechanism is used for both resource re-selection in the re-evaluation and the initial resource selection.
Proposal 4:	In resource re-selection triggered by pre-emption, the resources already-reserved by SCI, regardless whether pre-empted or not, can be re-selected. 
Proposal 5:	To adopt following TP for correction in TS 38.214 section 8.1.4.
	8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
...
The following steps are used:
...
2）The sensing window is defined by the range of slots [) where  is defined above and  is TBD is up to UE implementation. The UE shall monitor slots which can belong to a sidelink resource pool within the sensing window except for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured in these slots.
[bookmark: _GoBack]...



Proposal 6:	In TS 38.214 section 8.1.4, the following text should be added:
•	Tproc,1 is 3, 3, 4, 5 slots respectively for µ = 0,1,2,3 ,where µ = 0,1,2,3 for SCS 15,30,60,120 respectively.
Proposal 7:	In TS 38.214 section 8.1.4, the following text should be added:
•	T3 is 3, 3, 4, 5 slots respectively for µ = 0,1,2,3, where µ = 0,1,2,3 for SCS 15, 30, 60, 120 respectively.
Proposal 8:	Backward indication is not supported.
Proposal 9:	The breaking of chain reservation by itself does not terminate the HARQ re-transmissions. A HARQ re-transmission using unreserved resource is allowed.
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Appendix
Appendix A: Simulation assumptions 
	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
	4

	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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