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1 Introduction
In our previous contribution [2], we discussed radio resource management (RRM) principles, scenarios and potential resource allocation modes for NR sidelink (SL) Communication. Furthermore, we also described the resource allocation (RA) functionalities to be studied for different RA modes. A few agreements on similar high-level principles on RA modes were made in RAN1#94, which are given below:
	Agreements:
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) [bookmark: _Hlk525550341]UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication


In this paper, we elaborate further on mode 2 RA for NR sidelink, where a UE determines sidelink transmission resource(s) within the sidelink resources configured by base station/network or pre-configured sidelink resources. The details on the configuration provided by the network and NR sidelink mode 1 are discussed in our companion contribution [3].
2	Bandwidth part vs resource pool 
Before describing the details on RA, it is important to clarify the definitions and usage of resource pools and bandwidth parts (BWPs) for sidelink. 

In general, BWP covers only frequency domain while resource pool covers both frequency and time domains. Hence, in our view resource pool is needed for NR SL since we should exclude some special subframes/slots, e.g., used for transmitting SLSS on SL. Furthermore, in [4], we describe the use of resource pool configurations provided by gNB via SIB and/or RRC signalling which can be specific to a service and/or geographical area. 
[bookmark: _Toc525927116]The concept of resource pool is needed for SL transmissions. 
Given the existence of resource pool together with the concept of SL carrier, the extra need of BWP should be considered carefully. We discuss the details on reusing the BWP concept for sidelink in our contribution describing PHY layer structure [5]. 
When it comes to the relationship between SL BWP (if introduced) and resource pool, since a UE needs to monitor the (pre-)configured Tx/Rx resource pools to decode SCI, it is natural that resource pool is ‘narrower’ in frequency compared to BWP. Note that in NR Rel-15, a UE is not required to monitor/receive/transmit anything outside an active BWP. Therefore, we believe that the configuration of a resource pool should be confined within a SL BWP, if SL BWP is introduced.
[bookmark: _Toc525927027]If SL BWP is introduced, the (pre-)configuration of a resource pool should be confined within one SL BWP. 
3	Mode 2 RA principles
In RAN1#94, several options were discussed as a part of mode 2 resource allocation to accommodate different use cases and scenarios for advanced V2X applications. Below, we present our views on each of the mode 2 option (aka. sub-modes):
a) UE autonomously selects sidelink resource for transmission
This is a baseline RA option for mode 2 where each UE selects resources autonomously within the (pre-)configured resource pools without the help of network. The details on the specific features with respect to these enhancements are described in Sections 4-6 below.
[bookmark: _Toc525927117]Sub-mode 2a is the baseline mode for mode 2 RA procedure.
[bookmark: _Toc525927028]Sub-mode 2a procedures strive for reduced probability of collisions, enhanced resource utilization, reduced bandwidth fragmentation, reduced UE complexity and power consumption as well as different QoS requirements etc.
b) UE assists sidelink resource selection for other UE(s)
In NR, unicast and/or multicast transmissions over SL are supported for some of the advanced V2X use cases. As discussed in our contribution [6], unicast and/or multicast communication at PHY layer make sense only if their advantages in terms of spectral efficiency and QoS can be efficiently exploited. Therefore, in our view, feedback signalling from the receiving UE to facilitate HARQ and CSIT acquisition is beneficial. Furthermore, in [5] we presented the frame-structure design which can support the transmission of feedback signal. In order to have a simple SL design, we believe that some kind of assistance from transmitting UE to do the resource allocation for feedback transmissions by the receiving UE can be helpful. Therefore, we propose to support this sub-mode for NR sidelink. 
[bookmark: _Toc525927118]Assistance from transmitting UE to perform resource allocation for feedback transmissions can be helpful for NR SL. 
[bookmark: _Toc525927029]Sub-mode 2b is supported for NR sidelink resource allocation.
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
As discussed in [2], certain V2X use cases requiring unicast or multicast transmissions, may benefit from the use of dedicated resource pools configured by the network for a certain time. For example, a UE-pair using unicast transmissions may get dedicated resource configurations by the network and may use it without sensing procedure. Similarly, a dedicated resource pool can be configured by the network for a group of UEs (such as platoon members) which can perform autonomous resource allocation within the configured resource pool. However, we believe that the configuration/activation via RRC of a UE-specific resource allocation can be conveyed as a part of pool configuration. Since, it is a configuration provided by the network, we discuss the details in [3].
[bookmark: _Toc525927119]Dedicated resource pools configured by the network for a certain time can be useful for some advanced V2X applications. 
[bookmark: _Toc525138823][bookmark: _Ref524710681][bookmark: _Toc524958050][bookmark: _Toc524958342][bookmark: _Toc525927030]The configuration/activation via RRC of a UE-specific resource allocation is conveyed as part of the pool configuration. 
d) UE schedules sidelink transmissions of other UEs
In RAN1#94, some companies proposed to study the resource allocation mechanisms to allow one UE to be able to schedule the transmissions of the other UEs. Specifically, it is claimed that such provision will benefit certain V2X scenarios such as FR1 Uu carrier controlling FR2 SL carrier. However, in our view, introduction of such functionality will result in hierarchy among UEs, which is essentially equivalent to the introduction of a new node in the network. Also, as we discuss in [2], similar benefits can be achieved by properly designing the configuration signalling and resource allocation mechanisms. 
[bookmark: _Toc525927120]The benefits of introducing hierarchies among UEs are not clear and lead to huge specification effort across multiple groups which may lead to delay in SI completion.
[bookmark: _Toc525927031]Adopt a design principle according to which a UE cannot control/schedule another UE. That means, sub-mode 2d is not supported. 
4	Overview of the channel access procedure
In NR, sidelink must support traffic with different characteristics and with very different requirements. More specifically:
· Packet arrivals processes include periodic arrivals (i.e., with a fixed periodicity) and aperiodic arrivals i.e., with a loose notion of periodicity as well as single packet.
· Packets may vary in size, even if belong to the same process.
In our view, to serve the wide array of traffic types target by NR, it is necessary to combine two layers of resource allocation:
· One layer to serve traffic with some level of predictability.
· One layer to serve traffic with unpredictable arrivals and traffic variations.
Each of the two layers is associated with sensing on a different scale:
· Long-term sensing is used to detect predictable transmissions by other UEs. Resources detected as busy are not considered further.
· Short-term (i.e., local) sensing is used to select a resource for transmission. This short-term sensing is applied to the resources deemed as idle by the long-term sensing procedure.
[bookmark: _Ref525648222][bookmark: _Toc525927121]Two overlaid procedures for resource allocation are necessary to serve predictable and unpredictable packet arrivals, respectively. 
We describe the channel access and sensing procedures for each layer in Sections 5 and 6, respectively. 
5	Channel access procedures for mode 2 RA
As stated in Observation 6, two different procedures are needed for resource allocation. We refer to them as one-shot transmission and transmission with chain-reservation, respectively. In this section we describe the details on L1 procedures for each of them. 
5.1	One-shot transmission
One-shot transmission is suitable for packet arrivals that are unpredictable (e.g., aperiodic or bursty traffic). Although such transmissions were possible in LTE, the system was mostly designed for periodic transmissions. In contrast, we think that one-shot transmissions are very important for NR, especially to accommodate unpredictable arrivals and traffic variations.   
To transmit a packet, the following two approaches for one-shot transmissions may be considered:
· One shot transmission without reservation, consisting of direct transmission of a packet. That is, the UE contends for the resources directly with the data packet.
· One shot transmission with short-term reservation. In this case, the UE contends for the resources by transmitting a small short-term reservation message. The short-term reservation is followed by the transmission of the packet using the reserved resources. This type of resource allocation is sometimes referred to as Reservation Aloha or R-Aloha.
One shot transmission without short-term reservation achieves lower latency but is subject to higher collision probability. Moreover, collisions of data packets result in large amounts of radio resources being wasted. In contrast, the use of a short-term reservation reduces the impact of collisions by allowing for contention resolution. In other words, if two UEs transmit a short-term reservation using the same resources, they have the possibility of avoiding the collision. Contention and contention resolution take place for short-term reservation signals with minimal impact to actual data. Moreover, the collision of short-term reservation messages wastes very limited resources and is only critical if the reserved resources are overlapping too. Note that the short-term reservation message is not a replacement for the scheduling assignment. In other words, the data packet has its own scheduling assignment regardless of whether short-term reservation is used or not. The drawback of using short-term reservation is a moderate increase in latency.
A possible scheme for one-shot transmission with short-term reservation is illustrated in Figure 2. Here a UE when it has data to transmit at time n monitors/sense the resources for some time to learn about reservations in the period n+T1 to n+T2. The UE then randomly selects among the available resources within that window. T1 is a time required for the UE to decode the most recent PSCCH, make a resource selection and prepare for transmission. The UE continues to sense (aka. short term sensing) till the transmission of the reservation signal to learn about new reservations in the period n+T2 to n+T3. The UE selects enough resources to transmit the data in the buffer. Afterwards, the UE transmits on the first selected resource (i.e. reservation signal), indicating allocation of the second resources for actual data payload. It is to be noted that the choice for the value of T2 and T3 are mainly limited by the latency budget and the signalling overhead in terms of reservation fields in SCI. 

[image: ]
Figure 2: One-shot transmission with resource short-term reservation
In our view, one-shot transmission with short-term reservation should be the baseline for operation. One-shot transmission without reservation should be restricted to very small payloads or for latency critical transmissions, where the reservation signalling may be high overhead in terms of resource consumption or latency.
[bookmark: _Toc525651923][bookmark: _Toc525722157][bookmark: _Toc525927032]Sidelink RA use one-shot transmission with short-term reservation as a baseline. One-shot transmission without reservation may be used for small payloads and latency-critical transmissions.
5.2	Transmission with chain-reservation
For periodic traffic, it makes sense to reserve resources at every transmission for the next data that is expected to arrive at the buffer. We refer to such reservation as a chain-reservation to distinguish it from short-term reservation in the previous section. For aperiodic traffic with variation in message arrivals, the inter-arrival time and the message size are usually not exactly known in advance. Therefore, allowing only strictly periodic chain-reservations for a constant message size would lead to over or under utilization of resource. 
[bookmark: _Toc525927122]Strict periodic chain-reservation with fixed resource allocation leads to either under provisioning or over provisioning of resources. 
Similar to one-shot transmission with reservation, a chain-reservation signal can be defined for resource booking in order to reduce the probability of collision. This not only allows for unified RA mechanism for both one-shot transmissions and transmissions based on resource reservation but also provides opportunity to adjust the already allocated resources (both in time and frequency domain) based on updated sensing information. 
[bookmark: _Toc525927123]Reservation signal associated with resource allocation not only provides unified design but also allows resource adjustment based on updated sensing information. 
For the chain-reservation mechanisms, multiple approaches are conceivable regarding resource choice. Fixed resource choice, as in LTE Rel-14, means resources are selected according to some long-term schedule over a time window, and are periodic in time and constant in frequency domain as shown in Figure 3. The advantage is a stable interference behaviour that can be exploited in sensing. The disadvantages are risk of colliding transmissions outside the considered time window and bandwidth fragmentation. The resource reservation can nevertheless be so that every transmission book the next resource.
[image: ]
Figure 3: Fixed resource choice. Prior to the first transmission, a resource taking place every T ms is selected. 
Time varying resource choice means the frequency domain of the resource allocation is selected at the beginning of a time window, but the time domain is selected at every transmission instant for the next slot and thereby can be changed, as shown in Figure 4. Each transmission books the next one taking into account delay budget, mean arrival time and delay in previous packet transmission. The advantage is that this can accommodate aperiodicity and variations in packet arrivals which is very likely for many V2X applications. 
[image: ]
Figure 4: Time varying resource choice. In each transmission, the time for the next transmission is selected. 
[bookmark: _Toc525568966][bookmark: _Toc525568991][bookmark: _Toc525569017]Similar to Figure 4, it is possible to adapt the frequency for each transmission. In general, more flexibility for chain-reserving resources in time or frequency comes at the expense of larger signaling overhead. In our view, flexibility in varying resources in time is more important than in frequency. Variations in MCS already provide a way of adapting to varying packet sizes.
[bookmark: _Toc525927124]Flexibility in chain-reserving resources comes at the expense of larger signalling overhead. Flexibility in time is more valuable than in frequency.
[bookmark: _Toc525927033]Chain-reservation with flexibility in reservation of the resources is supported. Details FFS.
6	Sensing procedure
During the LTE SI on V2X, it was observed that random resource allocation is not suitable for serving periodic V2X traffic. Moreover, it was concluded that for predictable transmissions, the use of sensing was very beneficial. Similarly, aperiodic traffic is seldom served using resource allocation. Most resource allocation protocols make use of some short-term sensing to select resources for transmission. For example, WiFi and DSRC use a CSMA/CA protocol.  
In combination with the two channel access approaches described in Section 4, we propose to use long-term and short-term sensing. The former is tailored to avoid collisions with periodic transmissions whereas the latter is useful in reducing collisions with other unpredictable transmissions and fulfilling the QoS requirements. We describe both sensing procedures in the following sub-sections.
6.1	Long-term sensing
Long-term sensing consists of building a map of the resources that are reserved by other UEs. This was also used in LTE, however the specific procedure has one major drawback: it implicitly assumes that the traffic has a 100ms period. More specifically, this period is used in averaging the RSSI measurements. In our view, this is not suitable for NR.
[bookmark: _Toc525927125]Energy sensing together with an assumption on periodicity is not suitable for NR sidelink.
In our view, the long-term sensing procedure must be exclusively based on information available at the UE through reservations (short-term and chain-reservations) transmitted from other UEs. 
[bookmark: _Toc525927034]Long-term sensing is used for excluding resources based on reservations transmitted by UEs. Details FFS.
[bookmark: _GoBack]6.2	Short-term sensing
Short-term sensing consists of (re)selecting a specific resource for transmission and is based upon the list of available resources after long-term sensing (i.e., excluding reserved resources). Short-term sensing is used to detect potential collisions by receiving the reservation signals from other UEs. The principle of operation is simple: after receiving the short-term reservation message from other UEs, the UE gets the updated information about the resource usage. If the UE does not detect a potential collision, it transmits the packet in the reserved resources. If the UE detects a potential collision, contention resolution is applied meaning that the UE may select different resources for transmission. For example, consider two UEs selecting resources:
1. UE1 selects a small resource for a short-term reservation to be transmitted in slot n+Tr,1. Tentatively, it selects a larger resource for data transmission at time n+Td,1.
2. Unaware of UE1 (internal) decisions, UE2 selects its own small resource for a short-term reservation to be transmitted in slot n+Tr,2. Tentatively, it selects a larger resource for data transmission at time n+Td,2.
3. At times n+Tr,1 and n+Tr,2, UE1 and UE2 transmit their short-term reservation messages. After decoding each other’s short-term reservation they can reconsider their resource selection for data transmission and avoid the collision.
[bookmark: _Toc525927035]Short-term sensing is introduced for (re)selection of resources for packet transmission with contention resolution.
7	Resource unbooking and pre-emption mechanisms
To introduce further flexibility to RA mechanism, we propose to enable updating of a resource reservation by the UE itself that has made it, i.e. unbooking or updating, or even by other UEs, e.g. by pre-empting the booking. 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 6. In this regard, it is beneficial to support the use of mini-slots to increase resource utilization. However, the starting point and length of mini-slots can be restricted to have a reasonable UE complexity. 
[image: ]
Figure 6: Unbooking of resources
[bookmark: _Toc525927036]Sidelink RA supports resource unbooking for resources in the same or subsequent slots.
In NR, it is expected that multiple UEs running different V2X applications will coexist in the same resource pool. Therefore, to fulfil the QoS requirements of different V2X services, it may be necessary to specify the relevant pre-emption mechanisms. For instance, in congested scenario, a high-priority UE may be able to transmit on the already booked resources by the low-priority UEs. Figure 7 shows how a UE1 can pre-empt a resource reservation made by UE2. We assume UE1 cannot pre-empt a transmission that has already been scheduled by SCI. The preemption indication is transmitted in the PSCCH-I sufficiently ahead of the preempted resource so that UE1 has time to react to it, i.e. withdraws from transmitting on the pre-emted resources.
[image: ]
Figure 7: UE1 pre-empting resources booked by UE2
[bookmark: _Toc525927037]Pre-emption of reserved resources is supported.
Furthermore, variations in packet sizes that are too large to accommodate by adapting the MCS, can be handled again by unbooking and re-booking a larger set of resources or by segmentation and using a one-shot transmission for the second segment.
[bookmark: _Toc525927126]Variation in packet sizes can be handled by resource (re)booking and one-shot transmissions. 
Furthermore, it is to be noted that the resource unbooking, pre-emption and reselection can be performed using a common framework of reservation signal and long/short term sensing as described in earlier sections. 
[bookmark: _Toc525927127]The RA mechanisms using reservation signal together with long/short term sensing enables resource (un/re)-booking and pre-emption.
[bookmark: _Toc525722107][bookmark: _Toc525907992]8	Conclusion
In the previous sections, we made the following observations: 
Observation 1	The concept of resource pool is needed for SL transmissions.
Observation 2	Sub-mode 2a is the baseline mode for mode 2 RA procedure.
Observation 3	Assistance from transmitting UE to perform resource allocation for feedback transmissions can be helpful for NR SL.
Observation 4	Dedicated resource pools configured by the network for a certain time can be useful for some advanced V2X applications.
Observation 5	The benefits of introducing hierarchies among UEs are not clear and lead to huge specification effort across multiple groups which may lead to delay in SI completion.
Observation 6	Two overlaid procedures for resource allocation are necessary to serve predictable and unpredictable packet arrivals, respectively.
Observation 7	Strict periodic chain-reservation with fixed resource allocation leads to either under provisioning or over provisioning of resources.
Observation 8	Reservation signal associated with resource allocation not only provides unified design but also allows resource adjustment based on updated sensing information.
Observation 9	Flexibility in chain-reserving resources comes at the expense of larger signalling overhead. Flexibility in time is more valuable than in frequency.
Observation 10	Energy sensing together with an assumption on periodicity is not suitable for NR sidelink.
Observation 11	Variation in packet sizes can be handled by resource (re)booking and one-shot transmissions.
Observation 12	The RA mechanisms using reservation signal together with long/short term sensing enables resource (un/re)-booking and pre-emption.
Based on the discussion in the previous sections, we propose the following:
Proposal 1	If SL BWP is introduced, the (pre-)configuration of a resource pool should be confined within one SL BWP.
Proposal 2	Sub-mode 2a procedures strive for reduced probability of collisions, enhanced resource utilization, reduced bandwidth fragmentation, reduced UE complexity and power consumption as well as different QoS requirements etc.
Proposal 3	Sub-mode 2b is supported for NR sidelink resource allocation.
Proposal 4	The configuration/activation via RRC of a UE-specific resource allocation is conveyed as part of the pool configuration.
Proposal 5	Adopt a design principle according to which a UE cannot control/schedule another UE. That means, sub-mode 2d is not supported.
Proposal 6	Sidelink RA use one-shot transmission with short-term reservation as a baseline. One-shot transmission without reservation may be used for small payloads and latency-critical transmissions.
Proposal 7	Chain-reservation with flexibility in reservation of the resources is supported. Details FFS.
Proposal 8	Long-term sensing is used for excluding resources based on reservations transmitted by UEs. Details FFS.
Proposal 9	Short-term sensing is introduced for (re)selection of resources for packet transmission with contention resolution.
Proposal 10	Sidelink RA supports resource unbooking for resources in the same or subsequent slots.
Proposal 11	Pre-emption of reserved resources is supported.
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