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1	Introduction

During RAN1#96, the following was agreed.
	[bookmark: _Hlk3796301]Agreements:
· Blind retransmissions of a TB are supported for SL by NR-V2X
· Details are for the WI phase

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

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



During RAN1#96bis, the following was agreed.
	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 this contribution we discuss aspects related to resource allocation, including the issues left open in the preceding agreements. This contribution also provides new simulation results, adapted to the agreements above.
[bookmark: _Ref178064866]2	Sensing procedure
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 the following, we discuss each of them separately.
2.1	Information contained in control signaling
RAN1 has already agreed to use information about the sidelink resources indicated by the UE transmitting the SCI. Such indication is in fact a reservation of resources. We distinguish two types of reservations:
· Reservations associated with a TB. This is the case in which the UE is reserving resources for a transmission of a TB that is already in the buffer of the UE. For example, as part of resource allocation, the UE may transmit an initial reservation message with a reservation of the resource. Another example is cross-scheduling across retransmissions of a TB (e.g., in LTE the first transmission of a TB reserves the resources for the retransmission of the same TB).
· Reservations not associated with any TB. This is the case in which the UE is reserving resources for a transmission of a TB that is, in general, not present in the buffer of the UE. For example, in LTE the UE has the possibility of reserving a resource for future transmission of a TB (in 20 ms, 50 ms, 100 ms, 200 ms, etc.) even if this TB is not present in the transmit buffer of the UE.
In our view, both types of reservations are necessary in NR.
[bookmark: _Toc1140154][bookmark: _Toc7807861]The sensing procedure extracts from the decoded SCI indications of reservations of resources with and without an associated TB.
Although the corresponding features are not agreed at this point, we believe that the SCI will also carry other information that is directly related to resource utilization such as requests for HARQ feedback and pre-emption messages. This latter allows the pre-empted UE to stop transmission. In our view, such fields should be contained in SCI and extracted by the sensing procedure. 
[bookmark: _Toc1140155][bookmark: _Toc7807862]The sensing procedure extracts requests for HARQ feedback transmissions and pre-emption messages from the decoded SCI.
Depending on future RAN1 agreements, the SCI may contain other relevant information that may be extracted by the sensing procedure. For example, in LTE the PPPP value carried in SCI is extracted during sensing and used for resource selection. 
[bookmark: _Toc1140156][bookmark: _Toc7807863]The sensing procedure extracts QoS parameters from the decoded SCI.
2.2	Sidelink measurements
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]It is expected that the accuracy of RSRP measured on PSSCH-DMRS be higher than that of RSRP measured on PSCCH-DMRS.
[bookmark: _Toc7807851]Performing RSRP measurements on PSSCH-DMRS may create a backward compatibility problem for future releases. 
[bookmark: _Toc7807864]For sensing purposes, RSRP measurements on PSCCH-DMRS are used if the impact on system level performance is small. Otherwise, RSRP is measured on PSSCH-DMRS.
· [bookmark: _Toc7807865]Decision to be made after the structure of PSCCH and PSSCH is decided.
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]The use of measurements without the corresponding decoded information (e.g., carried in SCI) is not supported.
Regarding the duration of sensing, our view is that, like in LTE, it should be equal to the longest reservation that can be signaled in SCI (i.e., reservation, scheduling, pattern, etc.). This allows UEs to make the most out of the sensing procedure. For UEs mounted on vehicles, energy is not a concern and, consequently, sensing may be assumed to be always on.
[bookmark: _Toc1140159][bookmark: _Toc7807867]Prior to selection of resources, the UE shall sense the channel during a window of length equal to the longest reservation that can be signaled in the SCI.
3	Resource selection procedure
In LTE, the resources are selected with a procedure consisting of the following steps:
1. Exclusion of resources based on sensing
2. Ranking of remaining resources based on received energy.
3. Selection of the 20% resources with lowest received energy.
4. Among the low-energy 20%, selection at random of one resource per transmission.
As we have discussed before, in NR the use of energy measurements is not desirable. Consequently steps 2 and 3 in the above procedure are not directly applicable.
[bookmark: _Toc7807868]Resources for transmission of PSSCH are selected at random from the list of candidate resources.
· [bookmark: _Toc7807869]FFS whether ranking based on measured RSRP is used.
[bookmark: _Ref189046994]4	Retransmissions and reservations
In this section, we first discuss the use of reservations for the first transmission, which we refer to as initial reservations. Then, we discuss the use of retransmissions and reservations and the relationship between them for broadcast, groupcast, and unicast communication.
4.1	Reservations for initial transmission
In RAN#96 it has been agreed to support reservation-based resource allocation for mode-2 at least for blind retransmissions. Moreover, it has been agreed to investigate during the WI phase whether reservation is supported for initial transmission of a TB and whether reservation is supported for potential retransmissions based on HARQ feedback.
Consider the following with reservations for the initial transmission:
	Assume a TB arrives at the transmit buffer of a UE at time T = Tarr.
· At T = Tarr:
· The UE selects a resource for transmission of an initial reservation message. The resource is selected at random from the idle resources in the window (Tarr + T1, Tarr + T2). Let T = Tres denote the time of the selected resource.
· In evaluating the state (idle/busy) of the resources in the window, sensing results obtained up to T = Tarr are used. If all resources are busy, then any of them may be selected at random. 
· At T = Tres:
· The UE selects resources for transmission(s) of the TB. The resources are selected at random from the idle resources in the window (Tres + T2, Tres + T3). Let T = Ttx,i denote the time of the resource selected for the ith transmission of the TB.
· In evaluating the state (idle/busy) of the resources in the window, sensing results obtained up to T = Tres are used. If all resources are busy, then any of them may be selected at random.
· The UE transmits the initial reservation message indicating the resource(s) selected for the transmission(s) of the TB.
· At T = Ttx,i:
· The UE transmits the TB using the resources indicated in the initial reservation.


T1, T2, and T3 are configurable parameters. An example of channel access using this procedure is illustrated in Figure 1. Two users receive TBs in their TX buffer at time T = n. They both select resources in the window [n+T1, n+T2] for transmission of their reservation messages. The first UE (red) transmits its reservation message at time n+T1. This reservation message is decoded by the second UE (blue) before the transmission of its own reservation message at time n+T1+2. In this way, the second UE (blue) can select resources for transmission of the TB as to avoid a collision with the transmission by the first UE (red). 
[image: ]
Figure 1. Illustration of channel access with initial reservations.
Initial reservation messages are transmitted using specific control signaling and only carry information about reserved time-frequency resources. Note that the reservation message is not a replacement for PSCCH, meaning that the initial reservation message does not contain enough information to decode PSSCH. Moreover, it is not necessary to decode the reservation message to be able to process PSSCH.  For very small payloads or very latency-critical messages, initial reservation messages may be skipped altogether.
[bookmark: _Toc7807852]The reservation message in not a replacement for PSCCH. Decoding initial reservation messages is not a requirement for decoding PSSCH.
For the sake of comparison, we describe a method for resource selection without initial reservation and illustrate it in Figure 2.
	Assume a TB arrives at the transmit buffer of a UE at time T = Tarr.
· At T = Tarr, the UE selects a resource for the transmission in the window (Tarr + T1, Tarr + T2) with 
T = Ttx,i the time of the selected resource for the  transmission.
· At T = Ttx,i, the UE transmits the TB using the selected resources.


[image: ]
[bookmark: _Ref5030939]Figure 2. Illustration of channel access without initial reservations.
In Figure 3, Figure 4, and Figure 5, we show the PRR performance with and without initial reservation messages for broadcast, groupcast, and unicast communications, respectively. We observe that the use of reservation for the first transmission greatly improves the performance.
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. A detailed analysis of this approach for reserving resources is presented in Section 4.3. 
Simulation assumptions are summarized in the appendix.

[image: ]
[bookmark: _Ref858358][bookmark: _Ref791865]Figure 3: PRR performance of the reservation-based channel access with and without pre-reservation in highway scenario with aperiodic and periodic broadcast traffic.
[image: ]
[bookmark: _Ref858359][bookmark: _Ref791868]Figure 4: PRR performance of the reservation-based channel access with and without pre-reservation in highway scenario with aperiodic and periodic groupcast traffic.
[image: ]
[bookmark: _Ref858360][bookmark: _Ref791871]Figure 5: PRR performance of the reservation-based channel access with and without pre-reservation in highway scenario with aperiodic and periodic unicast traffic.
Considering these results, we propose to support reservation for initial messages too.
[bookmark: _Toc7807870]NR sidelink supports the use of reservation messages for initial transmission.
4.2	Reservations for blind retransmissions in broadcast
In RAN1#96, it was agreed to support the use of blind retransmissions for broadcast transmissions. In our view, NR sidelink should allow by design for an arbitrary number of retransmissions (this is especially relevant for unicast and groupcast, but we believe that most of the signaling and PHY structures will be common with broadcast). This is different from LTE, where the maximum number of retransmissions was fixed to 2. For this purpose, it is necessary to include multiple fields in SCI that allow for HARQ combination of the retransmissions (e.g., source/destination IDs, HARQ process IDs, redundancy version, etc.). We discuss these aspects in [3] and [4]. In addition, it is necessary to define the behavior in terms of reservations of retransmissions. Consider the following two alternatives:
· Alternative 1: each transmission may reserve resources for a single (future) transmission.
· Alternative 2: each transmission may reserve resources for multiple (future) transmissions.
Alternative 1 requires the smallest number of bits for signaling reservations in SCI. On the other hand, to combine multiple transmissions, the corresponding SCI or a reservation must be decoded. On the other hand, alternative 2 requires a larger number of bits for signaling reservations but is more robust against failed PSCCH decoding. We illustrate both alternatives in Figure 5.
[image: ]		    [image: ]
[bookmark: _Ref5016510]Figure 5. Illustration of blind retransmission schemes for broadcast with Nretr=4 for one reserved resource at the time (alternative 1, left) and with two reserved resources at the time (alternative 2, right).
In Table 1, we illustrate the HARQ combining possibilities of each of the two alternatives for four different situations, each of them consisting of four transmissions. For example, in situation 2, PSCCH is decoded correctly for the first two transmission. Consequently, alternative 1 allows for HARQ combining 3 transmissions of PSSCH, whereas alternative 2 allows for HARQ combining all 4 transmissions of PSSCH.
[bookmark: _Ref5016024]Table 1. Different decoding situations for four transmissions of a TB. X denotes a PSSCH transmission that can be used for decoding.
	
	Situation 1
	Situation 2
	Situation 3
	Situation 4

	
	Alt 1
	Alt 2
	Alt 1
	Alt 2
	Alt 1
	Alt 2
	Alt 1
	Alt 2

	1st transmission
	PSCCH
	Decoded
	Decoded
	Decoded
	Decoded

	
	PSSCH
	X
	X
	X
	X
	X
	X
	X
	X

	2nd transmission
	PSCCH
	Not decoded
	Decoded
	Not decoded
	Not decoded

	
	PSSCH
	X
	X
	X
	X
	X
	X
	X
	X

	3rd transmission
	PSCCH
	Not decoded
	Not decoded
	Decoded
	Not decoded

	
	PSSCH
	
	X
	X
	X
	X
	X
	
	X

	4th transmission
	PSCCH
	Not decoded
	Not decoded
	Not decoded
	Decoded

	
	PSSCH
	
	
	
	X
	X
	X
	X
	X

	Number of combined PSSCH transmissions
	2
	3
	3
	4
	4
	4
	3
	4


Regardless of the supported alternative, we believe that UEs should select resources to reserve for a PSSCH transmission as late as possible. Considering alternative 1 in Figure 5, this means that the resources for the second transmission are selected right before starting the first transmission; the resources for the third transmission are selected right before starting the second transmission; and the resources for the fourth transmission are selected right before starting the third transmission.
[bookmark: _Toc7807871]Selection of reserved resources takes places immediately before sending the reservation.
In Figure 6, we show the PRR performance for broadcast communication with 3 blind transmissions per TB and different number of reservations signaled in SCI. We observe that the gain obtained by having an additional reservation conveyed in SCI is limited.
[image: ]
[bookmark: _Ref5032781]Figure 6. PRR performance for broadcast traffic for 3 blind transmissions with different number of reservations signaled in SCI.
[bookmark: _Toc7807872]Each SCI carries at most one reservation for retransmission of the associated TB.
4.3	Reservations for HARQ-based retransmissions in unicast and groupcast
For unicast and groupcast, NR sidelink supports the use of retransmission based on HARQ feedback. One aspect to discuss is the relationship between retransmissions and reservations. We consider two alternative behaviors:
· Behavior 1 (‘Reserved retransmission’). Each transmission of a TB reserves resources for one further retransmission of the same TB:
· In case of a negative acknowledgement (i.e., reception of NACK) or no acknowledgement at all (for unicast or for groupcast with ACK+NACK), the reserved resources are used for retransmission of the TB.
· In case of a positive acknowledgement (for unicast or for groupcast with ACK+NACK) or no acknowledgement (for groupcast with NACK-only), the resources are not used for retransmission of the TB. 
· Behavior 2 (‘Non-reserved retransmission’). Each transmission of a TB is independently scheduled, without reservation between retransmissions:
· In case of a negative acknowledgement (i.e., reception of NACK) or no acknowledgement at all (for unicast or for groupcast with ACK+NACK), a new resource is selected and used for retransmission of the TB.
· In case of a positive acknowledgement (for unicast or for groupcast with ACK+NACK) or no acknowledgement (for groupcast with NACK-only), no further resources are used for retransmission of the TB.
We illustrate both behaviors in Figure 7. 
[image: ]	[image: ]
Figure 7. Illustration of transmissions for unicast/groupcast with reservation of the retransmission (left) and without reservation (based on received NACK) in (right).
‘Reserved retransmission’ has the advantage that every retransmission used reserved resources and, consequently, experiences lower probability of collision. On the other hand, we observe two drawbacks. First, the reserved resources may remain unused if a positive acknowledgement is received. Second, link adaptation is constrained to use the reserved resource (e.g., big changes in MCS may not be possible). The situation is reversed for ‘Non-reserved retransmission’: retransmissions are subject to higher probability of collision but, on the other hand, reserved resources do not remain unused and link adaptation is not constrained to use a specific bandwidth.
In our view, ‘Non-reserved retransmission’ will be supported because from a receiver point of view it is not reasonable to assume that all reservations are received. In other words, the receiver must be able to process multiple transmission of a TB independently of whether they are transmitted on reserved resources or not. Moreover, from a receiver point of view it seems unreasonable to mandate reservation of resources. Thus, the question is whether ‘Reserved retransmission’ is supported or not.
In Figure 8 and Figure 9, we show the performance of both alternative behaviors in the highway scenario for unicast and groupcast communication, respectively. HARQ feedback for groupcast makes use of ACK+NACK from every receiver in range. Other simulation assumptions are summarized in the appendix. We observe that ‘Reserved retransmission’ yields significantly better PRR performance than ‘Non-reserved retransmission’. For comparison, we have also included the performance when the retransmissions are blind (‘Blind retransmission’). We observe that for the case of groupcast, the difference between ‘Reserved retransmission’ and ‘Blind retransmission’ is negligible, the reason being that the maximum number of retransmissions are always used due to the large size of the groups.
[image: ]
[bookmark: _Ref5017749][bookmark: _Hlk5045505]Figure 8. PRR performance for ‘Reserved retransmission’, ‘Non-reserved retransmission’, and ‘Blind retransmission’ with aperiodic unicast traffic.
[image: ]
[bookmark: _Ref4960935]Figure 9. PRR performance for ‘Reserved retransmission’, ‘Non-reserved retransmission’, and ‘Blind retransmission’ with aperiodic groupcast traffic.
Given these, results we propose to support ‘Reserved retransmission’.
[bookmark: _Toc7807873]For unicast and groupcast, it is supported that each transmission of a TB reserves resources for a future retransmission of the TB:
· [bookmark: _Toc7807874]The TB may only be retransmitted if a negative acknowledgement is received or if a positive acknowledgement is expected but not received.
· [bookmark: _Toc7807875]FFS whether the resources can be used for transmission of a different TB after receiving a negative acknowledgement.
5	Resource pre-emption 
In NR, different V2X applications may have different QoS requirements. In NR Uu interface, allocation retention priority (ARP) is used for QoS flow admission control, while Priority Level (PL) is indicated by 5QI and is used for making scheduling decisions, e.g. the scheduler may schedule packets with higher priority first. Similarly, after a NR SL flow/bearer is established, PL indicated by 5QI can help to schedule SL packets according to priority differences. Furthermore, pre-emption is also one means to efficiently fulfil QoS requirements and is being considered for NR Uu. Some companies have been proposing to enable resource pre-emption, e.g., [5]. In our view, NR SL should also support pre-emption mechanism so that different V2X services can coexist efficiently.
[bookmark: _Toc7725446][bookmark: _Toc7807853]Pre-emption allows achieving QoS requirements of different V2X services coexisting in a resource pool or carrier. 
In network-scheduled mode, i.e. mode-1, pre-emption in terms of resource allocation can be implicitly performed by gNB, meaning that when channel is congested, e.g. based on CBR measurement report, gNB stops allocating resources for packets of lower priority. 
[bookmark: _Toc7725447][bookmark: _Toc7807854]In mode-1, pre-emption in terms of resource allocation can be implicitly performed by gNB, e.g. do not allocate resources for packets of lower priority. 
In autonomous mode, i.e. mode-2, scheduling and pre-emption are done in a distributed way without network control. Following the same principle as described above, higher priority transmissions shall be scheduled first, and low priority transmissions can be pre-empted when resources are not enough. In LTE Mode-4, there is no pre-emption as such, but high-priority transmissions can always take the same resources as on-going low priority transmission B, creating a collision for both transmissions. Although re-selection by lower priority UE would solve the problem, there is no such trigger in the specification.
We observe some drawbacks of the legacy solution. For instance, the first transmission of high priority packet will always collide with low priority packet. Besides, UE may not reselect the resource immediately after the collision. Besides the absence of a trigger in the specification, a TX UE cannot detect the collision by itself due to half duplex. Therefore, the collision between the high/low priority packets may last for quite some occasions.  
[bookmark: _Toc7725448][bookmark: _Toc7807855]In LTE Mode-4, high priority transmissions can take the resource used by lower priority transmissions, creating a collision. Such collisions may last until the time UE is configured to reselect the resource. 
In NR Mode-2, we believe some extra signaling, i.e. pre-emption signaling, can be designed to avoid collision during the pre-emption phase. More specifically, taking Figure 1 as an example, at time t1, UE1 reserves its next transmission of low priority packet at time t3 and broadcast such reservation in the SCI. At time t2, UE2 wants to transmit a high priority packet at time t3 and understand from UE1’s SCI about the reserved low priority transmission at time t3. In this case, UE2 transmits a pre-emption signaling to unbook UE1’s reservation. As a result, UE2 will take the resource at time t3 for its high priority transmission and UE1 will reselect the resource for its low priority transmission. 
It is worth mentioning that only reserved transmission can be pre-empted, and unnecessary collisions are avoided. It is also necessary that the pre-emption is signaled sufficiently in advance so that the pre-emption signaling unbooking could be received by the pre-empted UE, to avoid collisions.
[image: ]
[bookmark: _Ref7691037]Figure 1: Example of pre-emption in NR Mode-2

[bookmark: _Toc7725449][bookmark: _Toc7807856]Pre-emption signaling unbooking should be sent sufficiently in advance so that the pre-empted UE could receive it to avoid collisions.
[bookmark: _Toc7725570][bookmark: _Toc7807876]RAN1 introduces pre-emption signaling to unbook reserved transmissions. 
[bookmark: _Toc7699262]Details on which transmissions to pre-empt (e.g., based on priority, etc.) can be left for discussion in later meetings.
In terms of signaling of pre-emption, we identify three possible ways:
· [bookmark: _Toc7699263]Standalone PSCCH spanning only a few symbols in a slot;
· [bookmark: _Toc7699264]PSCCH spanning the entire slot;
· [bookmark: _Toc7699265]PSCCH+PSSCH carrying the urgent data.
[bookmark: _Toc7699266]Standalone PSCCH spanning only few symbols in a slot is not desirable as it will introduce issues in AGC due to ON/OFF transitions in the middle of a slot.
[bookmark: _Toc7699267]The alternative proposal with PSCCH spanning the entire slot is a better solution to avoid the AGC problem. However, it is not an efficient solution in terms of resource utilization, as the useful control information will not span the entire slot. The last alternative is more efficient in terms of the use of resources. However, due to that the data may not fit in one PSSCH, a more complex signaling may be needed.
[bookmark: _Toc7699268]Considering the above discussions, we propose the following:
[bookmark: _Toc7725571][bookmark: _Toc7807877]Consider the following alternatives for signaling pre-emption signaling: 
· [bookmark: _Toc7725572][bookmark: _Toc7807878]Alt.1: Standalone PSCCH spanning the entire slot
· [bookmark: _Toc7725573][bookmark: _Toc7807879]Alt. 2: PSCCH+PSSCH carrying the urgent data.
6	Resource unbooking
To introduce further flexibility to RA mechanism in sidelink mode 2, in previous RAN1 meetings it has been proposed by some companies (e.g., in [6], implicit unbooking) to enable resource unbooking. A reserved resource can be unbooked by the UE that has made the reservation. In this subsection, we present first the general resource unbooking mechanism. In the next subsection, signaling of unbooking is discussed.
At a time where there is no packet available in the TX buffer the UE on its reserved resource merely transmits an unbooking indication using SCI. Other UEs monitoring the PSCCH can then use the vacated resource using a one-shot transmission without reservation. The unbooking indication may be transmitted together with a booking of later resources as shown in Figure 2. Unbooking of resources is particularly beneficial if the booking was for a slot aggregation, especially if number of slots in the aggregation is large. The one-shot transmission may then use a subset of the slot, i.e. a smaller slot aggregation.  

[image: ]
[bookmark: _Ref7706302][bookmark: _Ref7690970]Figure 2: Unbooking of resources.
Given the typical UE processing times, etc., unbooking resources in the same slot does not seem feasible. Unbooking of resources in later slots, whether in an aggregation of slots like in Figure 2 or in a subsequent transmission, is on the other hand more interesting. 
[bookmark: _Toc528939683][bookmark: _Toc528940181][bookmark: _Toc528942945][bookmark: _Toc528943181][bookmark: _Toc528943487][bookmark: _Toc528943629][bookmark: _Toc7699275]In RAN1#94bis, it has been agreed to support HARQ feedback for unicast and groupcast in the physical layer. HARQ mechanism, namely the retransmissions of packets based on ACK and/or NACK feedbacks, is useful in enforcing the reliability of both unicast and groupcast communication. 
[bookmark: _Toc7699276]There are three modes for HARQ feedback for data transmission:
· [bookmark: _Toc7699277]No HARQ feedback is sent in the case of single transmission;
· [bookmark: _Toc7699278]Blind HARQ in the case of multiple retransmissions without expected feedback from the receiver(s);
· [bookmark: _Toc7699279]Dynamic HARQ in the case of multiple retransmissions decided by the transmitting UE based on the feedback from the receiver(s).
[bookmark: _Toc7699280]Unbooking for ‘No HARQ’ or ‘Blind HARQ’ does not make sense. On the other hand, for dynamic HARQ, the use of unbooking could be useful, depending on the resource allocation procedures. For example, in Section 4 we propose to book resources for HARQ retransmissions and make use of them only if necessary (e.g., if NACK is received). In such case, unbooking may be useful.
In addition, in RAN1#96bis it was agreed to support the reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB. Like in LTE, the arrival of such TB may be subject to uncertainties. In this regard, unbooking may be useful too.
[bookmark: _Toc7725450][bookmark: _Toc7807857]Unbooking may be useful for unicast and groupcast:
· [bookmark: _Toc7725451][bookmark: _Toc7807858]For reservations associated with a HARQ process.
· [bookmark: _Toc7725452][bookmark: _Toc7807859]For reservations of a different TB
In terms of signalling, there are two alternatives to signal resource unbooking: explicit unbooking and implicit unbooking.
· Explicit unbooking consists of transmitting a message (for example, a standalone PSCCH), containing information about the time/frequency of the resource to be unbooked. Using resources to release other resources will only be beneficial if the latter amount is much larger than the former one.
· Implicit unbooking is not an unbooking message sent by the transmitting UE (whose resources to be unbooked) but rather a mechanism involving other transmitting UEs. For example, when option HARQ ACK/NACK is used, when ACK is received, the reserved resource for retransmission is not used. If the ACK message can be read by other UEs, they might consider that the reserved resource is available and could reserve it for their transmissions. In this case there is no overhead as no explicit unbooking message is sent. However, it is not clear how to track the received ACK, e.g, the messages and UEs to which they correspond to and it might introduce additional overhead as well.
Like for pre-emption, the timing of unbooking should be discussed as well. 
[bookmark: _Toc7725453][bookmark: _Toc7807860]Unbooking message should be sent as early as possible after receiving an ACK in HARQ-based unbooking procedure.
From the above discussion, it is clear that further progress in the specification of the resource allocation procedure is necessary before the usefulness and feasibility of unbooking can be assessed.
[bookmark: _Toc7725574][bookmark: _Toc7807880]RAN1 to discuss unbooking after further progress in the specification of resource allocation.
[bookmark: _Toc521672667][bookmark: _Toc521672732][bookmark: _Toc521672768]7	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	The reservation message in not a replacement for PSCCH. Decoding initial reservation messages is not a requirement for decoding PSSCH.
Observation 4	Pre-emption allows achieving QoS requirements of different V2X services coexisting in a resource pool or carrier.
Observation 5	In mode-1, pre-emption in terms of resource allocation can be implicitly performed by gNB, e.g. do not allocate resources for packets of lower priority.
Observation 6	In LTE Mode-4, high priority transmissions can take the resource used by lower priority transmissions, creating a collision. Such collisions may last until the time UE is configured to reselect the resource.
Observation 7	Pre-emption signaling unbooking should be sent sufficiently in advance so that the pre-empted UE could receive it to avoid collisions.
Observation 8	Unbooking may be useful for unicast and groupcast:
	For reservations associated with a HARQ process.
	For reservations of a different TB
Observation 9	Unbooking message should be sent as early as possible after receiving an ACK in HARQ-based unbooking procedure.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The sensing procedure extracts from the decoded SCI indications of reservations of resources with and without an associated TB.
Proposal 2	The sensing procedure extracts requests for HARQ feedback transmissions and pre-emption messages from the decoded SCI.
Proposal 3	The sensing procedure extracts QoS parameters from the decoded SCI.
Proposal 4	For sensing purposes, RSRP measurements on PSCCH-DMRS are used if the impact on system level performance is small. Otherwise, RSRP is measured on PSSCH-DMRS.
	Decision to be made after the structure of PSCCH and PSSCH is decided.
Proposal 5	The use of measurements without the corresponding decoded information (e.g., carried in SCI) is not supported.
Proposal 6	Prior to selection of resources, the UE shall sense the channel during a window of length equal to the longest reservation that can be signaled in the SCI.
Proposal 7	Resources for transmission of PSSCH are selected at random from the list of candidate resources.
	FFS whether ranking based on measured RSRP is used.
Proposal 8	NR sidelink supports the use of reservation messages for initial transmission.
Proposal 9	Selection of reserved resources takes places immediately before sending the reservation.
Proposal 10	Each SCI carries at most one reservation for retransmission of the associated TB.
Proposal 11	For unicast and groupcast, it is supported that each transmission of a TB reserves resources for a future retransmission of the TB:
	The TB may only be retransmitted if a negative acknowledgement is received or if a positive acknowledgement is expected but not received.
	FFS whether the resources can be used for transmission of a different TB after receiving a negative acknowledgement.
Proposal 12	RAN1 introduces pre-emption signaling to unbook reserved transmissions.
Proposal 13	Consider the following alternatives for signaling pre-emption signaling:
	Alt.1: Standalone PSCCH spanning the entire slot
	Alt. 2: PSCCH+PSSCH carrying the urgent data.
Proposal 14	RAN1 to discuss unbooking after further progress in the specification of resource allocation.
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Appendix: evaluation assumptions
Unless otherwise stated, the simulation assumptions follow [1] and [2]. Simulator parameters are summarized in Table 1.
[bookmark: _Ref1031453]Table 2. 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

	
	T2
	2 slots

	
	T3
	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)
	2
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