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1 Introduction
In RAN1#94bis, the following was agreed:

	Agreements:
· Sidelink sensing and resource selection procedures are studied for Mode-2(a)
· The following techniques are studied to identify occupied sidelink resources
· decoding of sidelink control channel transmissions
· sidelink measurements
· detection of sidelink transmissions
· other options are not precluded, including combination of the above options
· The following aspects are studied for sidelink resource selection
· how a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)
· which information is used by UE for resource selection procedure

Agreements:
· The following aspects about assistance information are studied for Mode 2(b)
· Which assistance information is used and how it is acquired
· Which UE sends assistance information
· How to deliver assistance information, including physical channel and UE behavior
· How assistance information is taken into account in determination of sidelink resource for transmission
· RAN1 to further study whether some or all of Mode-2(b) functionality is a part of Mode-2(a)(c)(d)

Agreements:
· The following aspects are studied for Mode 2(c)
· How to assign resource(s) for UE sidelink transmission to mitigate collisions and half-duplex impacts
· Whether any sensing or resource selection procedure is used on top of configured grant(s)
· Whether and how to use any granted but unused resources
· How to adapt to traffic variation
· How it is different from Mode-1 operation for in-coverage scenario
· How it is different from Mode-2(a), when Mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration
· Whether and how this mode operates out of network coverage
· RAN1 to further study whether some or all of Mode-2(c) functionality is a part of Mode-2(a)(b)(d)

Agreements:
· The following aspects are studied for Mode 2(d)
· In which use cases/scenarios this mode is applicable
· What is the overall architecture for Mode-2(d) operation
· How to decide which UE schedules which other UE(s) and how to maintain this relationship
· What is the procedure of UE(s) when the scheduling UE disappears
· What is the scheduling UE behavior and signaling mechanism to schedule sidelink resources for transmission/reception for other UEs
· Which resources can be used to schedule other UEs 
· Inter- and intra-UE collision handling and sidelink resource allocation mechanisms across groups 
· RAN1 to further study whether or not some or all of the above aspects are applicable to 2(b).


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 [2]. Physical layer aspects are discussed in [4]. Evaluation results are provided in [6].
2	Discussion on typical allocation sizes
In this section, we discuss typical resource allocations for the agreed traffic models. For conciseness we focus on the packet sizes for medium intensity periodic and aperiodic models, but the observations hold also for the rest of the models.
We take the following channel configuration as a reference:
· PSCCH: 48 bytes (+16 bit CRC), 3 OFDM symbols in first slot.
· PSSCH: variable payload (+32 bit CRC), remaining symbols in first slot, all symbols in other slots.
· Overhead (DRMS, AGC, GP, etc.): 6/14 for both PSCCH and PSSCH.
· Transmit power: 23 dBm.
In  in the Annex, we show the energy per (information) bit values obtained for different levels of slot aggregation. Note that given the assumptions about the transmission scheme, the energy per bit values do not depend on the allocated BW. In contrast, the ideal coding rate values (=payload/available coded bits) depend on the BW allocation. For the sake of illustration, we include coding rate values when a 5 MHz allocation is used.
If we take 1E-7 as the reference for transmitted energy per bit (assuming that NR sidelink targets similar communication ranges as LTE), we obtain the following levels of slot aggregation for 30 kHz subcarrier spacing: 
· 2 slots for a payload of 200 bytes (i.e., 1 ms).
· 10 slots for a payload of 1000 bytes (i.e., 5 ms).
· 16 slots for a payload of 2000 bytes (i.e., 8 ms).
For the largest packet size an 8ms transmission is required. For a mean interarrival time of 100ms this implies a UE has to be in transmit mode for 8% of the time and due to half duplex limitation can therefore receive transmissions from other UEs only in the remaining 92% of time. The implications are two-fold. First, the PRR performance may be severely degraded (~8% penalty) unless the channel access procedure ensures that half-duplex does not affect UE pairs interested in each other’s messages. Second, in terms of sensing the UE may miss many resource reservations by other UEs and therefore collide with subsequent transmissions too frequently. 
[bookmark: _Toc528952900]Required multi-slot transmission and UE half duplex limitation may lead to significant probability of not detecting transmissions and resource reservations. 
Another important aspect in selecting an allocation of resources for transmission is its width (in frequency). Although it does not alter the energy per bit, it has an impact on the total number of bits that can be transmitted. The optimal choice of bandwidth is a tradeoff between the performance for a single link and system capacity. Large allocations are good from a single-link point of view (although they suffer from diminishing returns), whereas narrow allocations allow for multiplexing many users (i.e., higher system capacity). In our numerical analysis [6], we have observed that multiplexing 4 to 6 users (for a 20 MHz carrier) in frequency yields the best results. The drawback of using frequency multiplexing is that transmissions are affected by half duplex constraints as well as in-band emissions.
[bookmark: _Toc528952901]Multiplexing of users in frequency is necessary from a system-capacity perspective. However, the impact of half duplex and IBE must be studied.
3	Discussion on Mode 2 alternatives
In this section we present our views on the different alternatives for Mode 2 that have been considered so far.
3.1	Mode 2a
In our view, Mode 2a is the backbone of autonomous resource allocation. We describe it in detail in Section 5.
[bookmark: _Toc528952911]Resource allocation sub-mode 2a, is supported. 
3.2	Mode 2b
In our view, Mode 2b is in general not necessary. We believe that all the relevant functionality can be included in the sensing and resource selection procedures in Mode 2a. For example, it is arguable that CSI reports (e.g., CQI) can be used as assistance information when performing resource selection. Consequently, it is important to ensure that the relevant information is available at the UE selecting resources and that the procedures (sensing and resource selection) make good use of this information. 
[bookmark: _Toc528952902]The sensing and resource selection procedures in Mode 2a should make use of all the available relevant information, including potential reports and feedback from other UEs. 
The only exception is HARQ feedback transmissions, depending on the actual procedures and structures agreed by RAN1. For example, if HARQ feedback is transmitted on a small allocation (e.g., a single OFDM symbol), it is reasonable that the resource is indicated in the corresponding PSCCH/PSSCH transmission.
[bookmark: _Toc528952912]Sub-mode 2b, if supported, is only used for HARQ feedback transmissions. 
3.3	Mode 2c
In our view, Mode 2c consists of Mode 2a performed in one (or more) dedicated pool(s) of resources, targeting unicast or groupcast transmissions. We envision the following way of operating Mode 2c:
· A dedicated pool of resources is configured for transmission by a set of UEs.
· UEs in the set access the dedicated pool of resources following the procedures defined for Mode 2a.
Depending on the number of UEs contained in the set, we encounter the situations described in Table 1.
[bookmark: _Ref528681102]Table 1. Example of configurations using Mode 2c.
	Set of UEs
	Channel access
	Example scenario(s)

	Single UE
	Effectively, the UE does not contend for resources
	Unicast with dedicated pool for each UE

	Two UEs
	The two UEs contend for resources using the Mode 2a procedures 
	Unicast with dedicated pool for the UE pair

	Multiple (2+ UEs)
	The UEs in the set contend for resources using the Mode 2a procedures
	Groupcast with dedicated pool for the group of UEs
Multiple unicast connections in same dedicated pool


We believe that this mode of operation is most suitable for operation in licensed carriers. In this case, it is the responsibility of the network to dimension the pools in the appropriate way, including adaptation to varying traffic conditions, loads, etc. For operation in network coverage, the network can directly signal the configuration. One aspect to discuss further is the type of signaling (e.g., broadcast or RRC) to be used by the network to allocate such pools. Such signaling such be efficient and fast enough. In addition, it is necessary to study UE reporting mechanism to facilitate the task of the gNB. For operation outside network coverage, the mechanisms described in [2] may be used.
For unlicensed carriers, this mode of operation is not so interesting, although not necessarily prevented from a specification point of view. In this case, the pools may be established through pre-configuration.
Half-duplex, collisions, and other impairments may be dealt with in two ways: by proper configuration of the pools (e.g., dedicated pool per transmitter, see Table 1); using the mechanisms to be studied and specified for Mode 2a.
[bookmark: _Toc528952913]Sub-mode 2c is supported and consists of the use of dedicated pools operated with Mode 2a. FFS: fast and efficient signalling for configuration and UE reports.
3.4	Mode 2d
Some contributions have 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. As we discuss in [2], similar benefits can be achieved by properly designing the configuration signalling and resource allocation mechanisms. In [3], we have a lengthy discussion on issues directly affecting the specification of Mode 2d, including answers to the FFS points above. 
In summary, such RA mode has multiple drawbacks:
· Significant specification effort across multiple working groups that would delay the introduction of the feature at least until Rel 17.
· Need for introducing an additional resource allocation mode.
· As observed in [8][9] the performance of centralized resource allocation is only moderately better than that of distributed resource allocation. Moreover, obtaining the performance advantage requires global information and complex processing. Clearly, a CH will hardly provide these gains.
[bookmark: _Toc528952903]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: _Toc528952914]Adopt a design principle according to which a UE cannot control/schedule another UE. That means, sub-mode 2d is not supported. 
4	Combined channel access design for periodic and aperiodic traffic
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: _Toc528952904]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 2a RA
As stated in Observation 5, 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: _Toc528952915]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	Transmissions 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: _Toc528952905]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: _Toc528952906]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: _Toc528952907]Flexibility in chain-reserving resources comes with the expense of larger signalling overhead. Flexibility in time is more valuable than in frequency.
[bookmark: _Toc528952916]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: _Toc528952908]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: _Toc528952917]Long-term sensing is used for excluding resources based on reservations transmitted by UEs. Details FFS.
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.
[bookmark: _Toc528952918]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. 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: ]
Figure 6: Unbooking of resources 
[bookmark: _Toc528939683][bookmark: _Toc528940181][bookmark: _Toc528942945][bookmark: _Toc528943181][bookmark: _Toc528943487][bookmark: _Toc528943629][bookmark: _Toc528952919]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: _Toc528952920]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: _Toc528952909]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: _Toc528952910]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	Discussion on unicast, groupcast, and broadcast
During RAN1#94 and RAN1#94bis, there were discussions on whether the same resource allocation procedure should be used for unicast, groupcast, and broadcast or whether more than one such procedures could be specified. In parallel, there have been discussions on the coexistence between the different modes of transmission. 
In our view, segregating unicast, groupcast, and broadcast traffic may not always be feasible. In licensed carriers, the NW has in principle the possibility of dynamically separating each of the groups, although in practice it may be difficult to dimension the resources appropriately. Out of coverage or when in unlicensed carriers, such segregation is not possible at all. Note that these are very important cases that cannot be left out. Consequently, a common resource allocation must be defined for all the cases, without precluding optimizations targeting individual cases if they do not prevent coexistence.
[bookmark: _Toc528952921]A single resource allocation procedure is used for unicast, groupcast, and multicast. FFS specific optimizations for each of the cases as long as they do not impact coexistence.
To enable coexistence of unicast, groupcast, and broadcast in the same resources, it is important that the sensing information is available to everyone. Consequently, PSCCH must be transmitted in a broadcast mode.
[bookmark: _Toc528952922]PSCCH carrying information relevant for sensing (e.g., SCI) is transmitted in a broadcast mode.
For unicast, NR sidelink will likely support beamforming using multi-antenna transmission. Beamforming provides gain at link level and also at system level, by allowing to reutilize resources over space in a much more efficient manner. Given the reliability levels that can be achieved with broadcast transmission (see [6]), we suggest studying the use of the spatial domain in resource allocation.
[bookmark: _Toc528939688][bookmark: _Toc528940186][bookmark: _Toc528942950][bookmark: _Toc528943186][bookmark: _Toc528943492][bookmark: _Toc528943634][bookmark: _Toc528939689][bookmark: _Toc528940187][bookmark: _Toc528942951][bookmark: _Toc528943187][bookmark: _Toc528943493][bookmark: _Toc528943635][bookmark: _Toc528939690][bookmark: _Toc528940188][bookmark: _Toc528942952][bookmark: _Toc528943188][bookmark: _Toc528943494][bookmark: _Toc528943636][bookmark: _Toc528939691][bookmark: _Toc528940189][bookmark: _Toc528942953][bookmark: _Toc528943189][bookmark: _Toc528943495][bookmark: _Toc528943637][bookmark: _Toc528939692][bookmark: _Toc528940190][bookmark: _Toc528942954][bookmark: _Toc528943190][bookmark: _Toc528943496][bookmark: _Toc528943638][bookmark: _Toc528939693][bookmark: _Toc528940191][bookmark: _Toc528942955][bookmark: _Toc528943191][bookmark: _Toc528943497][bookmark: _Toc528943639][bookmark: _Toc528952923]RAN1 studies the use of multiple antennas to improve the spatial reutilization of the radio resources.
Conclusion
In the previous sections, we made the following observations: 
Observation 1	Required multi-slot transmission and UE half duplex limitation may lead to significant probability of not detecting transmissions and resource reservations.
Observation 2	Multiplexing of users in frequency is necessary from a system-capacity perspective. However, the impact of half duplex and IBE must be studied.
Observation 3	The sensing and resource selection procedures in Mode 2a should make use of all the available relevant information, including potential reports and feedback from other UEs.
Observation 4	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 5	Two overlaid procedures for resource allocation are necessary to serve predictable and unpredictable packet arrivals, respectively.
Observation 6	Strict periodic chain-reservation with fixed resource allocation leads to either under provisioning or over provisioning of resources.
Observation 7	Reservation signal associated with resource allocation not only provides unified design but also allows resource adjustment based on updated sensing information.
Observation 8	Flexibility in chain-reserving resources comes with the expense of larger signalling overhead. Flexibility in time is more valuable than in frequency.
Observation 9	Energy sensing together with an assumption on periodicity is not suitable for NR sidelink.
Observation 10	Variation in packet sizes can be handled by resource (re)booking and one-shot transmissions.
Observation 11	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	Resource allocation sub-mode 2a, is supported.
Proposal 2	Sub-mode 2b, if supported, is only used for HARQ feedback transmissions.
Proposal 3	Sub-mode 2c is supported and consists of the use of dedicated pools operated with Mode 2a. FFS: fast and efficient signalling for configuration and UE reports.
Proposal 4	Adopt a design principle according to which a UE cannot control/schedule another UE. That means, sub-mode 2d is not supported.
Proposal 5	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 6	Chain-reservation with flexibility in reservation of the resources is supported. Details FFS.
Proposal 7	Long-term sensing is used for excluding resources based on reservations transmitted by UEs. Details FFS.
Proposal 8	Short-term sensing is introduced for (re)selection of resources for packet transmission with contention resolution.
Proposal 9	Sidelink RA supports resource unbooking for resources in the same or subsequent slots.
Proposal 10	Pre-emption of reserved resources is supported.
Proposal 11	A single resource allocation procedure is used for unicast, groupcast, and multicast. FFS specific optimizations for each of the cases as long as they do not impact coexistence.
Proposal 12	PSCCH carrying information relevant for sensing (e.g., SCI) is transmitted in a broadcast mode.
Proposal 13	RAN1 studies the use of multiple antennas to improve the spatial reutilization of the radio resources.
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Annex
[bookmark: _GoBack]Table 2. Coding-rate and energy-per-bit values for PSCCH and PSSCH for different levels of slot aggregation and different message sizes
	Allocation (BW+nrof slots)
	200 bytes
	1000 bytes
	2000 bytes

	Coding rate PSCCH (incl CRC)
	0.13
	0.13
	0.13

	Energy per bit PSCCH
	4.45E-7
	4.45E-7
	4.45E-7

	Coding rate PSSCH (incl CRC) – 1 slot
	1.13
	>1
	>1

	Energy per bit PSSCH – 1 slot
	4.90E-8
	-
	-

	Coding rate PSSCH (incl CRC) – 2 slots
	0.43
	>1
	>1

	Energy per bit PSSCH – 2 slots
	1.11E-7
	-
	-

	Coding rate PSSCH (incl CRC) – 4 slots
	0.19
	>1
	>1

	Energy per bit PSSCH – 4 slots
	2.36E-7
	-
	-

	Coding rate PSSCH (incl CRC) – 8 slots
	0.092
	0.46
	>1

	Energy per bit PSSCH – 8 slots
	4.85E-7
	9.70E-8
	>1

	Coding rate PSSCH (incl CRC) – 10 slots
	0.073
	0.36
	0.72

	Energy per bit PSSCH – 10 slots
	6.1E-7
	1.22E-7
	6.10E-8

	Coding rate PSSCH (incl CRC) – 12 slots
	0.060
	.30
	.60

	Energy per bit PSSCH – 12 slots
	7.34E-7
	1.47E-7
	7.34E-8

	Coding rate PSSCH (incl CRC) – 16 slots
	0.045
	0.22
	0.44

	Energy per bit PSSCH – 16 slots
	9.84E-6
	1.96E-7
	9.84E-8

	Coding rate PSSCH (incl CRC) – 20 slots
	0.036
	0.18
	0.35

	Energy per bit PSSCH – 20 slots
	1.23E-6
	2.47E-7
	1.23E-7


For comparison, we include in  the values for a typical CAM messages (300 bytes) transmission using the LTE Rel-14 specification.
Table 3. Coding-rate and energy-per-bit values for PSCCH and PSSCH using LTE specification for different allocations of a CAM message.
	Bandwidth (PSCCH+PSSCH)
	2.5 MHz (2+10 RBs)
	5 MHz (2+20 RBs)
	10 MHz (2+48 RBs)
	20 MHz (2+96 RBs)

	Coding rate PSCCH (incl CRC)
	0.17
	0.17
	0.17
	0.17

	Energy per bit PSCCH
	1.19E-6
	6.93E-7
	3.20E-7
	1.66E-7

	Coding rate PSSCH (incl CRC) – 1 TX
	1.26
	0.63
	0.26
	0.13

	Energy per bit PSSCH – 1 TX
	5.94E-8
	6.93E-8
	7.67E-8
	7.98E-8

	Coding rate PSSCH (incl CRC) – 2 TX
	0.63
	0.32
	0.13
	0.066

	Energy per bit PSSCH – 2 TX
	1.19E-7
	1.38E-7
	1.53E-7
	1.59E-7
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