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1	Introduction
In this paper we discuss the remaining details on Mode-2 resource allocation.
[bookmark: _Ref21336118]2	Overview of Mode 2 procedure
During RAN1#98, the following was agreed:
	Agreements:
· The resource (re-)selection procedure includes the following steps
· Step 1: Identification of candidate resources within the resource selection window
· FFS details
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
· FFS details


During RAN1#98bis, the following was agreed:
	Agreements:
· [bookmark: _Hlk24041247]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




In our view, the basic operation of the procedure for resource allocation in Mode 2 follows the following steps:
· At the time t = na when data arrives to the transmit buffer:
1. The UE determines the selection window for the initial reservation.
2. The UE performs Step 1 to identify the available sub-channels within the selection window. 
3. The UE performs Step 2 to select resources for transmission 0 (i.e., the initial reservation), which occurs at t = n0.
· At time t = n0 – T3:
1. The UE determines the selection window for transmissions 1 and 2.
2. The UE performs Step 1 to identify the available resources within the selection window.
3. The UE performs Step 2 to select resources for transmission 1 and 2 to take place at t = n1 and t = n2, respectively.
· At time t = n0:
1. The UE performs transmission 0 (i.e., the initial reservation) using the selected resources. 
· This transmission books the selected resources for transmissions k+1 and k+2.
· At time t = nk – T3 (where k = 1, 2, 3, … are transmissions of the TB): 
1. The UE determines the selection window for transmissions k+2.
2. The UE performs Step 1 to identify the available resources within the selection window.
3. The UE performs Step 2 to select resources for transmission k+2 to take place at t = nk+2.
· At the time t = nk of transmission k (where k = 1, 2, 3, … are transmissions of the TB):
1. The UE performs transmission k using the corresponding resources. 
· This transmission books the selected resources for transmission k+1 and k+2.
The process is illustrated in Figure 1.
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[bookmark: _Ref16600580]Figure 1. Illustration of the resource allocation procedure.
Having explained the basic procedure, we proceed to discuss the aspects left FFS in the above agreement.
Regarding the possibility to change the resources with respect to those obtained in previous iterations (i.e., previous executions of Steps 1 and 2), we believe that this should be possible as long as the UE has not reserved the corresponding resources with an SCI transmission. In our view, if the UE has booked the resources then it must use them unless one of the following conditions occurs: 
i) SL HARQ-ACK is received for the TB; 
ii) The TX UE is pre-empted (as per existing agreements);
iii) Some prioritization (as per existing agreements) allows or forces the UE to drop the transmission.
[bookmark: _Toc24152081]In re-evaluation of Step 1 and Step 2, the UE is allowed to change resource(s) from previous iteration as long as it has not sent a corresponding reservation in SCI.
Regarding the relationship between T1 and T3, our view is that the values are unrelated. T1 is the processing time for encoding a packet, whereas T3 is the processing time for decoding SL transmissions.
Finally, on whether to handle it differently for blind and feedback-based retransmissions, we believe that the (pre-)configuration can distinguish between the different HARQ feedback modes.
[bookmark: _Toc24152082]The restriction on the maximum number of reservations is (pre-)configured independently for each HARQ feedback mode (blind, unicast, groupcast option1, groupcast option 2) 


2.1 	Initial transmission
In the e-mail discussions after RAN1#98bis, the following was agreed:
	Agreements: 
· Support at least an initial transmission and reservation of the resource(s) for retransmission(s) to have the same number of sub-channels
· To down-select in the early week of RAN1#99 one of the following: 
· 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
· Companies are encouraged to provide more analysis and evaluations for the above 3 alternatives



In Figure 2, Figure 3, and Figure 4 we show the PRR performance of the following channel access procedures for broadcast, groupcast, and unicast communications, respectively: 
· No reservation (blue curves). 
· First and subsequent transmissions of a TB span enough sub-channels to be self-decodable. Transmission k of a TB reserves resources for transmission k+1 of the same TB. Reserved resources are only used in case of negative HARQ acknowledgement.
· Reservation using standalone PSCCH (red curves):
· Prior to the first transmission of a TB, a standalone PSCCH message with compact format is transmitted. This standalone PSCCH reserves resources for the first transmission of the TB but carries no TB data.
· First and subsequent transmissions of a TB span enough sub-channels to be self-decodable. Transmission k of a TB reserves resources for transmission k+1 of the same TB. Reserved resources are only used in case of negative HARQ acknowledgement.
· Reservation using PSCCH+PSSCH (black curves):
· First transmission of a TB always spans one sub-channel and reserves resources for the second transmission of a TB. This transmission may not be self-decodable. 
· Subsequent transmissions of a TB span enough sub-channels to be self-decodable. Transmission k of a TB reserves resources for transmission k+1 of the same TB. Reserved resources are only used in case of negative HARQ acknowledgement.
For broadcast we use a fixed number of blind retransmissions, where each transmission reserves resources for the following one, except the last one. In contrast, for groupcast and unicast, the number of retransmissions depends on the HARQ feedback received by the transmitter, up to a maximum number of retransmissions. Moreover, each transmission reserves resources for the following one. If HARQ NACK is received, the UE uses the reservation. Otherwise, the UE makes no use of the reservation. We have not included any procedure for releasing booked resources. Details about reservations are presented in Section 5. More details about the simulation assumptions are summarized in the appendix. 
[image: ]
[bookmark: _Ref23953798]Figure 2. PRR performance of the different channel access methods in the highway scenario with broadcast traffic: without reservation for initial transmission (blue), with reservation using standalone PSCCH, and with single-subchannel PSCCH+PSSCH transmission (black).
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[bookmark: _Ref23953800]Figure 3. PRR performance of the different channel access methods in the highway scenario with groupcast traffic: without reservation for initial transmission (blue), with reservation using standalone PSCCH (red), and with single-subchannel PSCCH+PSSCH transmission (black).
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[bookmark: _Ref21368972]Figure 4. PRR performance of the different channel access methods in the highway scenario with unicast traffic: without reservation for initial transmission (blue), with reservation using standalone PSCCH, and with single-subchannel PSCCH+PSSCH transmission (black).
In all cases, the results show the gains in using some sort of reservation for the initial transmission. The question is whether to use standalone PSCCH or single-subchannel PSCCH+PSSCH for performing the initial reservation. Both possibilities where discussed during RAN1#98. For simplicity, we propose to take the latter approach.
[bookmark: _Hlk21094260][bookmark: _Toc24152083]NR Mode-2 supports that the first transmission of a TB uses a single sub-channel, regardless of TB size.
· [bookmark: _Toc24152084]PSCCH reserves a resource for a retransmission of the same TB.
· [bookmark: _Toc24152085]PSSCH may not be self-decodable, depending on TBS and other parameters (e.g., MCS).
· [bookmark: _Toc24152086]Subsequent retransmissions of the same TB may use a different number of sub-channels.
In our companion paper [4], we described the physical layer structure for supporting Alt. 1-1.
3	Discussion on sensing
The purpose of sensing is to extract information from current transmissions that is relevant for predicting future resource utilization. Information may be extracted from current transmissions in two different ways:
· Reading fields in control messages (e.g., SA in PSCCH, PSFCH, etc.).
· Performing energy/power measurements (e.g., RSRP, RSSI, etc.).
In our view, all the necessary agreements for the fields read from control messages are in place. We elaborate on SL measurements, followed by a discussion on the sensing window.
[bookmark: _Ref16686348]3.1	Sidelink measurements
	Agreements: (from RAN1#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 RAN1#96, it was agreed to support the use of L1-RSRP measurements of sidelink DMRS but the specific channel on which the measurement would be performed was not decided. In our view, there are two alternatives:
· RSRP is measured on the DMRS in the PSCCH carrying the SCI.
· RSRP is measured on the DMRS in the PSSCH that accompanies the PSCCH carrying the SCI. This is behavior in LTE.
It is reasonable to expect that in all transmissions, the number of REs carrying PSSCH-DMRS will be larger than the number of REs carrying PSCCH-DMRS. Consequently, RSRP performed on PSSCH-DRMS will be more accurate than RSRP performed on PSCCH-DMRS. On the other hand, the use of PSSCH-DMRS for RSRP measurements places a constraint on the design of the PHY channels in future releases. The consequences derived from such an assumption were discussed for a long time in Rel-15 (LTE). In our view, it is crucial to avoid such problems in the future.
[bookmark: _Toc7807850][bookmark: _Toc16871846][bookmark: _Toc21373707][bookmark: _Toc24152078]It is expected that the accuracy of RSRP measured on PSSCH-DMRS be higher than that of RSRP measured on PSCCH-DMRS.
[bookmark: _Toc7807851][bookmark: _Toc16871847][bookmark: _Toc21373708][bookmark: _Toc24152079]Performing RSRP measurements on PSSCH-DMRS may create a backward compatibility problem for future releases.
[bookmark: _Toc16870403][bookmark: _Toc16870701][bookmark: _Toc16870379][bookmark: _Toc16870404][bookmark: _Toc16870702][bookmark: _Toc16870380][bookmark: _Toc16870405][bookmark: _Toc16870703][bookmark: _Toc16870406][bookmark: _Toc16870704][bookmark: _Toc16871851][bookmark: _Toc21373715][bookmark: _Toc24152087]For sensing purposes, RSRP measurements on PSCCH-DMRS are used.
In addition to measurements associated with a decoded SCI, in LTE RSSI measurements are performed when no SCI is detected. The measurements are averaged and projected into the future using a 100 ms periodicity. Thus, they allow for detecting periodic transmissions such as CAM or BSM. In contrast to LTE, NR targets a wider array of traffic patterns (periodic, aperiodic, in bursts, etc.). In our view, it is not desirable to make assumptions on the traffic of other UEs. Consequently, we propose not to use energy/power measurements of resources (e.g., based on blind DMRS detection, etc.) for the case in which the corresponding SCI is not decoded. 
[bookmark: _Toc7807866][bookmark: _Toc16871852][bookmark: _Toc21373716][bookmark: _Toc24152088]The use of measurements without the corresponding decoded information (e.g., carried in SCI) is not supported.
During RAN1#98, the following was agreed:
	Agreements:
· 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


During RAN1#98bis, the following was agreed:
	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


In the agreement from RAN1#98 and the first agreement from RAN1#98bis, it is necessary to clarify that the priority pj also refers to SCI priority.
[bookmark: _Toc24152089]For the SL-RSRP threshold for each combination of pi and pj, pj is the SCI priority of the transmission.
Regarding X, there was a long discussion during Rel-14 and 20% was found to be a good compromise. Smaller values result in a small number of resources, insufficient to randomize the resource selection. Larger values result in large RSRP differences between candidate resources (i.e., the resource identification procedure is repeated multiple times).
[bookmark: _Toc24152090]In Step 1, X=20 is specified.
In a congested traffic scenario for which very little resources might be available, identification of the resources in Step 1 might consider those resources reserved for HARQ retransmissions. For instance, given that resources reserved for HARQ feedback-based retransmissions may not be utilized (e.g., due to a HARQ ACK). Moreover, HARQ feedback-based retransmissions can deal with collisions. For these reasons, we believe that it is reasonable to prioritize selecting resources reserved for HARQ feedback-based retransmission over other resources. 
[bookmark: _Toc24152091]In Step 1, different SL-RSRP thresholds are defined for resources reserved for HARQ-based retransmissions compared to other resources.
3.2	Sensing window
In the e-mail discussions following RAN1#98bis, the following was agreed:
	Agreements: 
· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· The resource selection window starts at time instance (n + T1), T1 ≥ 0 and ends at time instance (n + T2) 
· The start of selection window T1 is up to UE implementation subject to T1 ≤ Tproc,1
· T2 is up to UE implementation with the following details as a working assumption:
· T2 ≥ T2min
· If T2min > Remaining PDB, then T2min is modified to be equal to Remaining PDB
· FFS other details of T2min including whether the minimum window duration T2min - T1 is a function of priority
· UE selection of T2 shall fulfil the latency requirement, i.e. T2 ≤ Remaining PDB
· A sensing window is defined by time interval [n – T0, n – Tproc,0) 
· T0 is (pre-)configured, T0 > Tproc,0 FFS further details
· FFS, if Tproc,0 and Tproc,1 are defined separately or as a sum 
· 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


LTE uses a 1000-subframe sensing window, meaning that results from the preceding 1000 subframes (i.e., 1-second) are used as an input for resource selection. In LTE, the size of the sensing window was decided to be the same as the longest reservation that can be signaled in SCI. For NR, T0 is (pre-)configurable. At least the value corresponding to the longest reservation that can be signaled in SCI is supported.
[bookmark: _Toc21373717][bookmark: _Toc24152092]The set of (pre-)configurable values for T0 includes the maximum number of slots that can be signaled by a reservation in SCI. 
In LTE, sensing during the sensing window is mandatory; subframes without sensing result in exclusion of resources for selection. Given that NR builds on the same cornerstones (i.e., sensing and resource reservation), it is reasonable to follow the same approach here. However, unlike LTE, NR is not particularly tailored to periodic allocations. Thus, exceptions to sensing will have to be handled in a different way. 
[bookmark: _Toc21373718][bookmark: _Toc24152093]Sensing during all TTIs in the sensing window is a pre-requisite for resource selection. FFS TTIs that are excluded from this rule (e.g., when the UE is transmitting, etc.).
Regarding Tproc,0, our view is that it is the time required for decoding all transmissions in a slot. Table 1, obtained from TS 38.214, summarizes the processing times for PDSCH processing for the case that is most related to the physical layer structure of sidelink (i.e., with DMRS delay and simplest capabilities).
[bookmark: _Ref23961685]Table 1. PDSCH processing times 
	SCS
	Processing time

	15 kHz
	13 symbols (0.92 ms)

	30 kHz
	13 symbols (0.46 ms)

	60 kHz
	20 symbols (0.36 ms)

	120 kHz
	24 symbols (0.21 ms)



Given that the Rel-16 SL design is essentially slot-centric, we propose to specify Tproc,0 in terms of slots. Changes to the specification may be introduced without problems in a later release. Based on this, we propose to have Tproc,0 equal to 1 slot for 15 and 30 kHz and 2 slots for 60 and 120 kHz. It is worth noting that T3 is related to Tproc,0. However, in the way the agreement on re-evaluation states that “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)”, meaning that re-evaluation at t =m – T3 is possible. Thus, it is necessary to add an additional slot, i.e., T3 = Tproc,0 + 1.
[bookmark: _Toc24152094]Tproc,0 is defined as 1 slot for 15 kHz and 30 kHz and 2 slots for 60 kHz and 120 kHz. Moreover, T3 = Tproc,0 + 1.
4	Discussion on resource selection
4.1	Selection window
During RAN1#97, the following was agreed.
	Agreements:
· 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


In the e-mail discussions after RAN1#98bis, the following was agreed:
	Agreements: 
· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· The resource selection window starts at time instance (n + T1), T1 ≥ 0 and ends at time instance (n + T2) 
· The start of selection window T1 is up to UE implementation subject to T1 ≤ Tproc,1
· T2 is up to UE implementation with the following details as a working assumption:
· T2 ≥ T2min
· If T2min > Remaining PDB, then T2min is modified to be equal to Remaining PDB
· FFS other details of T2min including whether the minimum window duration T2min - T1 is a function of priority
· UE selection of T2 shall fulfil the latency requirement, i.e. T2 ≤ Remaining PDB
· [bookmark: _Hlk24012436]A sensing window is defined by time interval [n – T0, n – Tproc,0) 
· T0 is (pre-)configured, T0 > Tproc,0 FFS further details
· FFS, if Tproc,0 and Tproc,1 are defined separately or as a sum 
· 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


During the e-mail discussions, multiple concerns were raised about the impossibility to define a value of T2min. If the value is too large, low latency cannot be guaranteed, which is crucial for some packets. On the other hand, if the value is too small, the gains of sensing-based resource selection are negated. This discussion took place in Rel-15 for LTE and it was decided to support (pre-)configurable values of T2min per PPPP. We propose to do the same here.
In addition, if initial reservation messages are supported, it is desirable to transmit them as early as possible
[bookmark: _Toc24152095]T2min is independently (pre-)configurable for each SCI priority value and for initial reservations.
Regarding Tproc,1, our view is that it is the time required for preparing a PSCCH/PSSCH transmission. Table 2, obtained from TS 38.214, summarizes the preparation times for PUSCH (i.e., with simplest capabilities).
[bookmark: _Ref24012265]Table 2. PUSCH preparation times 
	SCS
	Preparation time

	15 kHz
	10 symbols (0.71 ms)

	30 kHz
	12 symbols (0.43 ms)

	60 kHz
	23 symbols (0.41 ms)

	120 kHz
	36 symbols (0.32 ms)



Given that the Rel-16 SL design is essentially slot-centric, we propose to specify Tproc,1 in terms of slots. Changes to the specification may be introduced without problems in a later release. Noting that the selection window is defined as [n+T1,n+T2] (rather than (n+T1,n+T2)), we propose to take the values in Table 2 plus one slot, resulting in Tproc,1 equal to 2 slots for 15 and 30 kHz and 2 slots for 60 and 120 kHz.
[bookmark: _Toc24152096]Tproc,1 is 2 slots for 15 kHz and 30 kHz, 3 slots for 60 kHz, and 4 slots for 120 kHz.
The definition of the selection window in the above agreement combined with the agreed choice of Nmax=3, produces the following undesirable situation (see Figure 5):
· At time t = n0:
· The TX UE sends an SCI that reserves one resource at t = n1 and a second resource at t = n2, where n1 < n2.
· At time t = n1 – T3: 
· The TX UE triggers selection of a new resource.
· According to the agreements the selection window is [n1 – T3 + T1, n1 – T3 + T2].
· It is possible that the TX UE selects a resource at t = n3 where n1 < n3 < n2.
· At time t = n1:
· The TX sends an SCI that reserves one resource at t = n2 and a second resource at t = n3.
With the existing agreements, a later selection may pick a resource that appears before another resource which was picked by an earlier selection. The consequence of this is that, although Nmax = 3 allows for two reservations, some resources are only reserved once. 

[image: ]
[bookmark: _Ref24053222]Figure 5. Example in which, for a TB, a later selection (performed at t = n1 – T3) picks a resource (blue box) that appears before the resource (second orange box) selected in an earlier selection (performed at t = n0 – T3). Dashed red arrows indicate reservations signaled in SCI.
We think it is reasonable to avoid this situation:
[bookmark: _Toc24152097]When (re-)evaluating Step 1 and Step 2, the selection window is [m+T1, m+2], where m corresponds to the time of the last booked transmission for the same TB, if any.
4.2	Resource selection procedure
During RAN1#98, the following was agreed.
	Agreements:
· The resource (re-)selection procedure includes the following steps
· Step 1: Identification of candidate resources within the resource selection window
· FFS details
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
· FFS details


Step 2 in the resource (re-)selection procedure serves the purpose of randomizing decisions among nearby UEs with correlated sensing results (i.e., UEs that have identified largely overlapping resources in Step 1). From this point of view, it is desirable to minimize the probability that such UEs select the same resource. This is achieved by selecting resources uniformly at random.
[bookmark: _Toc21373720][bookmark: _Toc24152098]In Step 2, the resource(s) are selected uniformly at random from the identified candidate resources. 
4.3	Pre-emption
In RAN1#98bis, the following was agreed:
	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


Although it is implicit in the agreement, we think it would be good to clarify that the priorities refer to SCI priorities.
[bookmark: _Toc24152099]In the evaluation of the condition for determining reselection due to pre-emption, SCI priorities are used.
The process of pre-emption is typically as follows:
1. UE2, which has a low-priority message, selects resource X for future transmission and sends an SCI with a reservation. 
2. UE1, which has a high-priority message, after performing sensing, selects resource X for future transmission as well and sends an SCI with a reservation
3. Reception of the SCI transmitted by UE1 triggers pre-emption for UE2.
4. UE2 selects a new resource for its transmission based on its sensing information.

An example of resource reselection mechanism is depicted in Figure 6. At time T1, UE1 reserves its next transmission of low priority packet at time T4 and broadcasts such reservation in the SCI. At time T2, UE2 wants to transmit a high priority packet at time T4 and has already sensed from UE1’s SCI about the reserved low priority transmission at the same time T4. Hence, the reserved resource by UE1 is overlapping with the resource needed by the higher priority UE2. In this case, UE2 transmits an SCI that pre-empts UE1’s reservation. That is,, UE1 receives from the UE2 unbooking message and understands that it should reserve another resource for its transmission at time T5. At time T4, UE2 takes the resource for its high priority transmission. At time T5, the UE1 performs finally its transmissions using the reselected resource.
[image: ]
[bookmark: _Ref24010983]Figure 6: Example of resource reselection mechanism in NR Mode-2.
Two aspects about the process must be discussed: timeline and the details of how the pre-empted UE selects new resources.
Regarding timeline, it is necessary that the pre-emption message is signaled sufficiently in advance so that the pre-emption signaling could be received and processed by the pre-empted UE, to avoid collisions. In our view, this is the processing time Tproc,0 discussed above (see Table 1).
[bookmark: _Toc24152100]A UE with a reservation for transmission in slot n does not expect a pre-emptying SCI to arrive outside the sensing window [n – T0, n – Tproc,0).
Regarding the possibility of selecting new resources, we propose to leave the decision up to UE implementation. In some cases, the UE may have an additional reservation (i.e., due to Nmax = 3). In other cases, the UE may have already received a positive HARQ-ACK. Note also that in some cases, the PDB is exhausted, the resource selection window is empty, and hence the UE cannot select a new resource. In any case, if the UE decides to select new resources, then it follows the already agreed procedures (i.e., Step 1 and Step 2). Note that in some cases
[bookmark: _Toc24152101]It is up to UE implementation to select new resources after being pre-empted:
· [bookmark: _Toc24152102]The pre-empted UE does not transmit in the resources affected by pre-emption.
· [bookmark: _Toc24152103]To select new resources, the existing Mode 2 procedures are used (i.e., Step 1 and Step 2).
It is important to emphasize the pre-emption creates a disruption to the system and, as such, its impact should be minimized. This can be done by prioritizing pre-emption of those resources which are likely to be unused. For example, resources reserved for HARQ-based retransmissions should be prioritized for pre-emption by the high priority UE as they are not used in the case of ACK.
[bookmark: _Toc24152104]Resources reserved for HARQ-based retransmissions are prioritized for pre-emption.
5	Discussion retransmissions and reservations
5.1	Signalling of retransmissions and reservations 
The following was agreed during RAN1#96bis:
	Agreements:
· NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure
· NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure
· This functionality can be enabled/disabled by (pre-)configuration
· FFS Standalone PSCCH transmissions for resource reservations are supported in NR V2X


In addition, in the e-mail discussions after RAN1#98bis, the following was agreed:
	Agreements:
· 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
Agreements:
· 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


Agreeing to Nmax>2 implies that the signaling allows for reserving more resources than can be consumed. For example, in the initial transmission a UE may reserve resources 1 and 2; during the transmission in resource 1, it may reserve resources 3 and 4; during the transmission in resource 2, it may reserve resources 5 and 6; and so on. For HARQ-feedback based retransmissions, where booked resources may remain unused after receiving ACK some restrictions are necessary. In our view, the number of reservations in the future should be limited to two. For blind retransmissions, the restriction is also reasonable although in this case other mechanisms are possible. 
[bookmark: _Toc7807872][bookmark: _Toc24152105]The UE can only have two reservations at the same time for a given SL process (i.e., sequence of connected reservations)
That is, RAN1 must introduce signaling mechanisms for reserving resources for retransmission of a TB and for transmission of a different TB. Our proposal is that every SCI associated with a PSSCH:
· Schedules the PSCCH transmission in the current slot.
· Optionally, reserves resource(s) for up to two future transmissions.
For the reservation of one resource for retransmission of the same TB, we propose to reuse the LTE mechanism and signaling to a large extent. That is, the BW is the same for all transmissions of a TB, the starting sub-channel is variable (signaled in SCI) and the number of slots between transmissions is signaled in SCI. However, unlike LTE, the reservation signaling would not be used backwards in time. Regarding the window size, W=16 slots (i.e., 4 bits) seems sufficient.
For the reservation of one resource for future transmission (of a different TB), we propose to support Option 2. That is, the SCI indicates the gap in number of slots (instead of the periodicity) while maintaining the BW but with fill flexibility regarding the starting RB. Signaling the gap, without assuming a periodicity, would greatly simplify the specification at a very modest cost in terms of bits. For example, it is not necessary to discuss (re-)selection triggers (the UE could change the allocation for every new TB), persistent collisions, etc. Solution to all this could be left up to UE implementation.
We illustrate examples of the operation in Figure 6 and in Figure 8. In Figure 6:
· The first transmission of a TB books resources for two further retransmissions (solid black arrows). 
· The second transmission of the TB books one resource for a further transmission of the TB (solid black arrow).
· The third transmission of the TB books resources for a future transmission of a different TB (dashed red arrow).
[image: ]
Figure 7. Illustration of the use of reservations. 
In Figure 8:
· Each transmission of a TB reserves one resource for the next transmission of the same TB (for blind or HARQ feedback-based retransmission). Solid black arrows indicate these reservations.
· Each transmission of a TB reserves one resource for the transmission of a different TB. Dashed red arrows indicate these reservations. 
[image: ]
[bookmark: _Ref21086377]Figure 8. Illustration of the use of reservations. Each transmission of a TB resources for another transmission of the same TB and for one transmission of a different TB. 
Regarding UE behavior for reservation between different TBs, there are multiple possibilities. For example, all transmissions of a TB reserves the first resource for a different TB (Figure 8); or each transmissions of a TB reserves a different resource for the other TB (Figure 9). We propose to leave this up to UE implementation.
[image: ]
[bookmark: _Ref21086840]Figure 9. Illustration of the use of reservations. Each transmission of a TB resources for another transmission of the same TB and for one transmission of a different TB. In this case, a different resource for each transmission.
Based on the discussion in this section, we make the proposals:
[bookmark: _Ref21335951][bookmark: _Toc24152106]Every SCI associated with a PSSCH:
· [bookmark: _Toc24152107]Schedules the PSCCH transmission in the current slot. 
· [bookmark: _Toc24152108]Reserves up to two further transmissions with the same number of RBs
· [bookmark: _Toc24152109]For the first transmission W = 16 slots.
· [bookmark: _Toc24152110]For the second transmission W = 1024 slots.
[bookmark: _Toc24152111]The use of the reservations within the (pre-)configured restrictions is up to UE implementation. 
Table 3 summarizes the SCI fields related to this proposal. A detailed discussion of SCI is presented in [4]. 
[bookmark: _Ref21087999]Table 3. Scheduling and reservation fields in SCI
	Field
	Contents / size

	Frequency resource location of first reserved resource and number of allocated RBs
	 bits (as in LTE)

	Time gap between current transmission and first reserved resource 
	4 bits (as in LTE) – 0 signals no reservation

	Time gap between current transmission and second reserved resource
	10 bits – 0 signals no reservation

	Starting RB for second reserved resource 
	 bits


When it comes to selecting resources for an initial transmission of a different TB, we propose to reuse the existing procedures too. However, in this case the selection window needs to be placed in the future. For example, if the UE wants to select resources for a transmission in 100 ms, then the selection window should be [m+T1, m+T2] where m is the number of slots in 100 ms. In practice the value of m depends on the periodicity of the transmissions. As such, the value can be left up to UE implementation.
[bookmark: _Toc24152112]Selection of resources for transmission of a different TB follows the existing procedures with selection window [m+T1, m+T2], where m is up to UE implementation.
5.2		Combination of HARQ-based and blind retransmissions
During RAN1#98bis, the following has been agreed:
	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



There are some discussions that for some reliability and latency critical scenarios it might be beneficial to allow a combination of HARQ-based and blind retransmissions. For example, for a HARQ-based transmission, N blind retransmissions of the same TB could be sent by a UE. In this case an ACK/NACK is expected in the PSFCH following the second retransmission as depicted in Figure 10(a). In addition, it is argued that the interference caused by the feedback channel is reduced as compared to the case depicted in Figure 10(b) where PSFCH’s are sent after each retransmission. However, in the latter case there is a higher probability that the interference caused by the PSCCH+PSSCH channels will be reduced as compared to the case (a) because of an eventual ACK because PSCCH+PSSCH #2 will not be transmitted. 

Besides the above observations, it has been agreed that for HARQ transmissions every (re-)transmission is followed by a PSFCH and hence the resource pool for the corresponding feedback channels is available. It is hence more reasonable to use the configuration (b) already possible with the current agreements.

[image: ]                          [image: ]

(a)                                                                                                      (b)

[bookmark: _Ref20924221]Figure 10: Examples of a combination of HARQ-based with blind retransmissions in (a) and HARQ-based retransmissions in (b).

[bookmark: _Toc24152080]Combination of HARQ-based and blind retransmissions will require additional specification efforts.
Based on the above discussions we propose the following:
[bookmark: _Toc24152113]Combination of HARQ-based and blind retransmissions for the transmissions of the same TB is not supported.
6	Conclusion
In the previous sections we made the following observations: 
Observation 1	It is expected that the accuracy of RSRP measured on PSSCH-DMRS be higher than that of RSRP measured on PSCCH-DMRS.
Observation 2	Performing RSRP measurements on PSSCH-DMRS may create a backward compatibility problem for future releases.
Observation 3	Combination of HARQ-based and blind retransmissions will require additional specification efforts.
Based on the discussion in the previous sections we propose the following:
[bookmark: _GoBack]Proposal 1	In re-evaluation of Step 1 and Step 2, the UE is allowed to change resource(s) from previous iteration as long as it has not sent a corresponding reservation in SCI.
Proposal 2	The restriction on the maximum number of reservations is (pre-)configured independently for each HARQ feedback mode (blind, unicast, groupcast option1, groupcast option 2)
Proposal 3	NR Mode-2 supports that the first transmission of a TB uses a single sub-channel, regardless of TB size.
	PSCCH reserves a resource for a retransmission of the same TB.
	PSSCH may not be self-decodable, depending on TBS and other parameters (e.g., MCS).
	Subsequent retransmissions of the same TB may use a different number of sub-channels.
Proposal 4	For sensing purposes, RSRP measurements on PSCCH-DMRS are used.
Proposal 5	The use of measurements without the corresponding decoded information (e.g., carried in SCI) is not supported.
Proposal 6	For the SL-RSRP threshold for each combination of pi and pj, pj is the SCI priority of the transmission.
Proposal 7	In Step 1, X=20 is specified.
Proposal 8	In Step 1, different SL-RSRP thresholds are defined for resources reserved for HARQ-based retransmissions compared to other resources.
Proposal 9	The set of (pre-)configurable values for T0 includes the maximum number of slots that can be signaled by a reservation in SCI.
Proposal 10	Sensing during all TTIs in the sensing window is a pre-requisite for resource selection. FFS TTIs that are excluded from this rule (e.g., when the UE is transmitting, etc.).
Proposal 11	Tproc,0 is defined as 1 slot for 15 kHz and 30 kHz and 2 slots for 60 kHz and 120 kHz. Moreover, T3 = Tproc,0 + 1.
Proposal 12	T2min is independently (pre-)configurable for each SCI priority value and for initial reservations.
Proposal 13	Tproc,1 is 2 slots for 15 kHz and 30 kHz, 3 slots for 60 kHz, and 4 slots for 120 kHz.
Proposal 14	When (re-)evaluating Step 1 and Step 2, the selection window is [m+T1, m+2], where m corresponds to the time of the last booked transmission for the same TB, if any.
Proposal 15	In Step 2, the resource(s) are selected uniformly at random from the identified candidate resources.
Proposal 16	In the evaluation of the condition for determining reselection due to pre-emption, SCI priorities are used.
Proposal 17	A UE with a reservation for transmission in slot n does not expect a pre-emptying SCI to arrive outside the sensing window [n – T0, n – Tproc,0).
Proposal 18	It is up to UE implementation to select new resources after being pre-empted:
	The pre-empted UE does not transmit in the resources affected by pre-emption.
	To select new resources, the existing Mode 2 procedures are used (i.e., Step 1 and Step 2).
Proposal 19	Resources reserved for HARQ-based retransmissions are prioritized for pre-emption.
Proposal 20	The UE can only have two reservations at the same time for a given SL process (i.e., sequence of connected reservations)
Proposal 21	Every SCI associated with a PSSCH:
	Schedules the PSCCH transmission in the current slot.
	Reserves up to two further transmissions with the same number of RBs
o	For the first transmission W = 16 slots.
o	For the second transmission W = 1024 slots.
Proposal 22	The use of the reservations within the (pre-)configured restrictions is up to UE implementation.
Proposal 23	Selection of resources for transmission of a different TB follows the existing procedures with selection window [m+T1, m+T2], where m is up to UE implementation.
Proposal 24	Combination of HARQ-based and blind retransmissions for the transmissions of the same TB is not supported.
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Appendix: evaluation assumptions
Unless otherwise stated, the simulation assumptions follow [1][2]. Simulator parameters are summarized in Table 4.
[bookmark: _Ref1031453]Table 4. Simulation parameters.
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	20 MHz

	Sub-channel size
	12 RBs

	Sub-carrier spacing
	30 kHz

	Scenario
	Highway Option A

	Traffic model
	Medium intensity, according to the corresponding simulation profile (see [2]).

	PSCCH
	Allocation (including overhead)
	3 OFDM symbols

	
	Modulation
	QPSK

	PSSCH
	Allocation (including overhead)
	9 OFDM symbols (if PSCCH is transmitted in the same slot)
14 OFDM symbols (if PSCCH is not transmitted in the same slot)

	
	Modulation
	16-QAM

	
	Coding rate (CRtarget)
	0.85

	Overhead (for both PSSCH and PSCCH)
	4/14 (GP, DMRS, AGC)

	Reservation-based channel access parameters
	Reservation allocation
	1 slot and 5 RBs

	
	T1
	1 slots

	
	Twinitial
	2 slots

	
	Tw
	15 slots (unicast) / 25 slots (broadcast)

	Sensing distance (dsensing)
	750 m (highway)

	Unicast /groupcast session distance
	500 m

	Fixed or maximum number of retransmissions (without/with HARQ feedback, respectively), excluding initial reservation
	2


[bookmark: _In-sequence_SDU_delivery]
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