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1	Introduction
During RAN1#ah1901, the following was agreed [1].
	Agreements:
1. Mode-2 supports the sensing and resource (re)-selection procedures according to the previously agreed definitions. 
0. FFS resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc.
0. FFS detailed conditions when these procedures can apply

Agreements:
· For the purpose of performance evaluation for Mode-2(c), the following Mode-2(c) transmission pattern selection is used when a UE is configured with a pool of patterns:
· Sensing based pattern selection (e.g. UE selects unused pattern based on sensing results) 
· Additional information to assist pattern selection is not precluded, e.g., by using UE geographical location information 

Agreements:
· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)
Agreements:
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 

Agreements:
1. At least for the purpose of evaluation, in Mode-2(d), at least for group operation, a member UE transmits on resources configured by another UE (S-UE) within the same group
1. High layer signaling is assumed between S-UE and a member UE


In this contribution, we present our views on Mode-2 resource allocation. 
[bookmark: _Ref178064866]2	Resource allocation procedure
2.1	Definition of sub-channel and resource
The agreements from the previous meetings introduce the notion of sub-channel without giving it a proper definition. We propose to follow the NR terminology to define the sub-channel as a frequency unit that is a multiple of the RB. Like in LTE, we propose to make the width of a sub-channel (pre-)configurable.
[bookmark: _Toc1140152]Sub-channel is defined as an integer number of RBs, where the multiplier is (pre-)configured.
For sensing and resource (re-)selection, it is necessary to define the notion of resource. In this contribution, a resource for PSSCH transmission is defined as 1 sub-channel during one slot.
[bookmark: _Ref875284][bookmark: _Toc1140153]A resource for PSSCH transmission is defined as 1 sub-channel during one slot.
The use of patterns as resources has been proposed by some companies. As we will describe later, the use of patterns as basic units for resource (re-)selection has multiple problems:
· It increases the complexity of sensing.
· It restricts the flexibility in scheduling. 
2.2	Sensing principles
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.).
As we discuss in the following, it is also possible to combine both approaches. 
RAN1 has already agreed using information on 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 a short-term 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]The sensing procedure extracts from the decoded SCI indications of reservations of resources with and without an associated TB.
Although currently under discussion, the SCI may also carry other information that is directly related to resource utilization such as requests for HARQ feedback and pre-emption messages. The former allows the decoding UE to identify which resources are used for PSFCH transmission and avoid using them. The latter allows the pre-empted UE to stop transmission. In our view, such fields should be contained in SCI and extracting by the sensing procedure. 
[bookmark: _Toc1140155]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]The sensing procedure extracts QoS parameters from the decoded SCI.
Regarding energy/power measurements of past/ongoing transmissions, we note that, by themselves, they do not provide relevant information for predicting future resource utilization. Only when combined with some assumptions about the traffic do these measurements reveal something about the future. For example:
· RSRP measurements combined with an assumption on DMRS patterns utilized across multiple retransmissions (e.g., [4]).
· RSSI measurements combined with an assumption on transmission periodicity (e.g., LTE Mode 4 in Rel-14).
In our view, making assumptions on the pattern of transmission (e.g., periodicity, etc.) like in LTE is not desirable because it introduces a restriction that limits the possibilities of future extension. Indeed, in LTE reservations with 20 or 50 ms periodicity are not detected accurately by the sensing procedure due to the use of RSSI averaging in terms of 100 ms.
For similar forward compatibility reasons, tying the reliability of measurements to some predefined structure of DMRS sequences (or some other transmission parameter) is not desirable, especially if similar functionality can be achieved in some other way.
[bookmark: _Toc1140157]Energy/power measurements with underlying assumptions on traffic pattern or DMRS structure are not supported.
However, energy/power measurements are useful when combined with information extracted from SCI decoding or when applied directly to decoded PSCCH. For example, in LTE RSRP measurements are used to enable reutilization of radio resources with reduced power levels even if an SCI carrying a reservation is received.
[bookmark: _Toc1140158]Energy/power measurements of resources (e.g., radio resources, DMRS sequences, etc.) based on decoding information is supported.
Regarding the duration of sensing, our view is that, like in LTE, it should be equal to the longest reservation that can be signalled in SCI (i.e., reservation, scheduling, pattern, etc.). This allows UEs to make the most out of the sensing procedure. For UEs mounted of vehicles, energy is not a concern and, consequently, sensing may be assumed to be always on.
[bookmark: _Toc1140159]Prior to selection of resources, the UE shall sense the channel during a window of length equal to the longest reservation that can be signalled in the SCI.
Given the discussion above and the proposals on sensing, it is clear that using patterns as the resource unit for sensing results in a complex procedure for multiple reasons:
· SCI received by a UE indicates the pattern used by the transmitter, but it does not immediately tell which other patterns remain collision free (i.e., no collision for any of the retransmissions) or how many collisions are expected per pattern. Such information can only be obtained by comparing the pattern indicated by the SCI against all other patterns.
· Energy/power measurements associated with a pattern require combination of measurements performed on multiple radio resources that are not adjacent in time. One such combination is required per pattern.
· As discussed earlier, multiple pattern families (each with different frequency and time allocation, number of repetitions, etc.) are required to accommodate packets with different characteristics and requirements. Consequently, the problems described above multiply with the number of pattern families.
[bookmark: _Toc1140142]The complexity of sensing based on patterns increases with the number of patterns and pattern families.
In contrast, a single operation per resource is required if the definition in Proposal 2 is used. 
2.3	Resource (re-)selection procedure
Having discussed the main principles of sensing in the previous section, we now describe the complete procedure of resource (re-)selection procedure. 
[bookmark: _Toc875648][bookmark: _Toc876676][bookmark: _Toc876709]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 a short-term 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 short-term 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 short-term reservation.
T1, T2, and T3 are configurable parameters.
Short-term 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 short-term 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, short-term reservation messages may be skipped altogether.
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: ]
[bookmark: _Ref433616]Figure 1: Illustration of resource-based channel access by two UEs (red, blue). Resources in grey are busy, resources in white are idle. The UEs first select a resource in the window [n+T1, n+T2] for transmission of their reservation message. Resources for the actual transmission of the TB belong to a window spanning until n+T3.
For periodic traffic, when transmitting a TB, the UE has the possibility to transmit in PSCCH a long-term reservation of the resources for a future transmission (e.g., like in LTE).
3	Evaluation
In this section we present evaluation results for the proposed scheme (see Section 2.3). Having shown in previous occasions [3] the advantages of the proposed scheme when compared to other schemes such as LBT and pattern-based resource selection (Mode 2(c)), in this contribution we focus on the role of the short-reservation message. Additional evaluation results can be found in [2].
Figure 2, Figure 3, and Figure 4 show the PRR performance in the highway scenario for varying TX-RX distance with broadcast, groupcast, and unicast traffic, respectively.
When comparing the PRR performance of the transmission scheme with and without short-term reservation, we observe that:
· For broadcast communication, where there is no HARQ loop, short-term reservations significantly improve the performance. 
· The gains of short-term reservations are reduced if HARQ feedback is considered.
[bookmark: _Toc1140160]The resource allocation procedure supports reservations:
· [bookmark: _Toc1140161]Between retransmissions of the same TB.
· [bookmark: _Toc1140162]Prior to the first transmission of a TB.
It is worth observing that the performance for groupcast is worse than that for broadcast. The reason is simple. For broadcast there is no HARQ feedback. The number of transmissions per TB is selected to maximize system performance (i.e., PRR averaged over all TX-RX at a certain distance). In contrast, for groupcast the receivers send ACK/NACK to the transmitter. A single NACK triggers retransmission of a TB (up to a maximum number of retransmissions, see the simulation assumptions). That is, the number of retransmissions is always selected to maximize individual PRR performance. Given that the groups contain a relatively large number of UEs, most TBs are retransmitted. In practice that means doubling the load on the channel, which results in reduced PRR performance.
[image: ]
[bookmark: _Ref858358][bookmark: _Ref791865]Figure 2: 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 3: 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 4: PRR performance of the reservation-based channel access with and without pre-reservation in highway scenario with aperiodic and periodic unicast traffic.
Based on these observations, we make the following proposals on the procedure for resource allocation:
[bookmark: _Toc1027648][bookmark: _Toc1028485][bookmark: _Toc1031267][bookmark: _Toc1031417][bookmark: _Toc1027650][bookmark: _Toc1028487][bookmark: _Toc1031269][bookmark: _Toc1031419][bookmark: _Toc1027653][bookmark: _Toc1028490][bookmark: _Toc1031272][bookmark: _Toc1031422][bookmark: _Toc1027654][bookmark: _Toc1028491][bookmark: _Toc1031273][bookmark: _Toc1031423][bookmark: _Toc1027655][bookmark: _Toc1028492][bookmark: _Toc1031274][bookmark: _Toc1031424][bookmark: _Toc1027656][bookmark: _Toc1028493][bookmark: _Toc1031275][bookmark: _Toc1031425][bookmark: _Toc1027659][bookmark: _Toc1028496][bookmark: _Toc1031278][bookmark: _Toc1031428][bookmark: _Toc1027660][bookmark: _Toc1028497][bookmark: _Toc1031279][bookmark: _Toc1031429][bookmark: _Toc1027661][bookmark: _Toc1028498][bookmark: _Toc1031280][bookmark: _Toc1031430][bookmark: _Toc1027663][bookmark: _Toc1028500][bookmark: _Toc1031282][bookmark: _Toc1031432][bookmark: _Toc1027664][bookmark: _Toc1028501][bookmark: _Toc1031283][bookmark: _Toc1031433][bookmark: _Toc1027666][bookmark: _Toc1028503][bookmark: _Toc1031285][bookmark: _Toc1031435][bookmark: _Toc1027667][bookmark: _Toc1028504][bookmark: _Toc1031286][bookmark: _Toc1031436][bookmark: _Toc1027668][bookmark: _Toc1028505][bookmark: _Toc1031287][bookmark: _Toc1031437][bookmark: _Toc534843353][bookmark: _Toc534843378][bookmark: _Toc534872488][bookmark: _Toc534876176][bookmark: _Toc534876937][bookmark: _Toc534901724][bookmark: _Toc534843354][bookmark: _Toc534843379][bookmark: _Toc534872489][bookmark: _Toc534876177][bookmark: _Toc534876938][bookmark: _Toc534901725][bookmark: _Toc1027669][bookmark: _Toc1028506][bookmark: _Toc1031288][bookmark: _Toc1031438][bookmark: _Toc1027670][bookmark: _Toc1028507][bookmark: _Toc1031289][bookmark: _Toc1031439][bookmark: _Toc1027671][bookmark: _Toc1028508][bookmark: _Toc1031290][bookmark: _Toc1031440][bookmark: _Toc1027672][bookmark: _Toc1028509][bookmark: _Toc1031291][bookmark: _Toc1031441][bookmark: _Toc1027673][bookmark: _Toc1028510][bookmark: _Toc1031292][bookmark: _Toc1031442][bookmark: _Toc1027674][bookmark: _Toc1028511][bookmark: _Toc1031293][bookmark: _Toc1031443][bookmark: _Toc1027675][bookmark: _Toc1028512][bookmark: _Toc1031294][bookmark: _Toc1031444][bookmark: _Toc1027676][bookmark: _Toc1028513][bookmark: _Toc1031295][bookmark: _Toc1031445][bookmark: _Toc1027677][bookmark: _Toc1028514][bookmark: _Toc1031296][bookmark: _Toc1031446][bookmark: _Toc1140163]Reservation-based resource allocation is used for Mode 2:
· [bookmark: _Toc1140164]A short-term reservation message is transmitted to reserve the resources for all scheduled transmissions of a TB.
· [bookmark: _Toc1140165]The SCI accompanying each transmission of a TB carries necessary information for decoding future scheduled transmissions of the same TB.
[bookmark: _Toc1140166]Resources for a transmission (e.g., of short-term reservation messages or a TB) are selected at random from a selection window [T1, T2], excluding resources sensed as busy.
[bookmark: _Toc1140167]Dynamic restrictions on the transmission of HARQ feedback (e.g., based on RSRP, etc.) and retransmission of a TB are introduced. Details FFS.
Regarding the applicability of sensing and resource selection procedures, we do not see any motivation for exceptions. Should some exception be necessary (e.g., for extremely low latency transmissions, etc.), they should be part of the procedure itself.
[bookmark: _Toc1140168]Sensing and resource selection are applied always.
3	On mode 2d
Mode 2d is a resource allocation method for which a UE schedules sidelink transmissions of other UEs. In this section we discuss the FFS aspects identified in the previous meeting.
Sub-mode 2d is the only sub-mode particularly tailored to a topology, in this case a cluster topology. Looking at the use cases targeted by the SID and that are relevant for sidelink (vehicles platooning, extended sensors, and advanced driving), it is clear that sub-mode 2d is suitable, at most, for only one of the use cases.
[bookmark: _Toc534992709][bookmark: _Toc535059060][bookmark: _Toc1140143]Sub-mode 2d is not suitable for many use cases targeted in the SID.
The first aspect to consider is the relationship between sub-mode 2d and other sub-modes. In this respect, we note the following:
· Sub-mode 2d is not a standalone mode as it must rely on either sub-mode 2a or sub-mode 2c for connection establishment.
· Coordination between scheduling UEs over sidelink, if required, must rely on either sub-mode 2a or sub-mode 2c.
[bookmark: _Toc534992710][bookmark: _Toc535059061][bookmark: _Toc1140144]Sub-mode 2d is not a standalone mode; it relies on either sub-mode 2a or sub-mode 2c.
The procedures for (re-)selecting scheduling UE(s), associating to scheduling UE(s), and behaviour when the scheduling UE stops scheduling are mostly outside RAN1 scope. In our view, RAN2 is the appropriate place to discuss these procedures. The relationship with UE groups form upper layer perspective is also beyond RAN1 scope.
[bookmark: _Toc534992711][bookmark: _Toc535059062][bookmark: _Toc1140145]The following procedures are outside RAN1 scope: 
· [bookmark: _Toc534992712][bookmark: _Toc535059063][bookmark: _Toc1140146]UE behavior to (re)-select scheduling UE(s)
· [bookmark: _Toc534992713][bookmark: _Toc535059064][bookmark: _Toc1140147]UE behavior to associate to scheduling UE(s)
· [bookmark: _Toc534992714][bookmark: _Toc535059065][bookmark: _Toc1140148]UE behavior when scheduling UE stop scheduling
· [bookmark: _Toc534992715][bookmark: _Toc535059066][bookmark: _Toc1140149]Relationship between scheduling UE and UE groups from upper layer perspective
From a physical layer point of view, it is worth emphasizing that scheduling UEs have limited capabilities when compared to gNBs. More specifically:
· Scheduling UEs are subject to half-duplex constraints, limiting their ability to serve multiple users.
· Hardware limitations (in number of antennas, TX/RX chains, etc.) limit the performance of scheduling UEs much more than that of gNBs.

[bookmark: _Toc534992716][bookmark: _Toc535059067][bookmark: _Toc1140150]The ability of scheduling UEs to serve multiple UEs at the same time is severely limited by half-duplex constraints.
When it comes to scheduling algorithm, we believe that it cannot be left up to UE implementation. 
· For unlicensed carriers, there would be no mechanism to ensure proper operation.
· For licensed carriers, UEs are usually beyond the direct control of operators. The only way to ensure appropriate behavior in this case is to specify it.

[bookmark: _Toc534992717][bookmark: _Toc535059068][bookmark: _Toc1140151]Sub-mode 2d requires that the scheduling algorithms be specified.
We discuss higher layer aspects about sub-mode 2d in [7].
[bookmark: _Toc1140169]Sub-mode 2d is not supported.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	The complexity of sensing based on patterns increases with the number of patterns and pattern families.
Observation 2	Sub-mode 2d is not suitable for many use cases targeted in the SID.
Observation 3	Sub-mode 2d is not a standalone mode; it relies on either sub-mode 2a or sub-mode 2c.
Observation 4	The following procedures are outside RAN1 scope:
	UE behavior to (re)-select scheduling UE(s)
	UE behavior to associate to scheduling UE(s)
	UE behavior when scheduling UE stop scheduling
	Relationship between scheduling UE and UE groups from upper layer perspective
Observation 5	The ability of scheduling UEs to serve multiple UEs at the same time is severely limited by half-duplex constraints.
Observation 6	Sub-mode 2d requires that the scheduling algorithms be specified.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Sub-channel is defined as an integer number of RBs, where the multiplier is (pre-)configured.
Proposal 2	A resource for PSSCH transmission is defined as 1 sub-channel during one slot.
Proposal 3	The sensing procedure extracts from the decoded SCI indications of reservations of resources with and without an associated TB.
Proposal 4	The sensing procedure extracts requests for HARQ feedback transmissions and pre-emption messages from the decoded SCI.
Proposal 5	The sensing procedure extracts QoS parameters from the decoded SCI.
Proposal 6	Energy/power measurements with underlying assumptions on traffic pattern or DMRS structure are not supported.
Proposal 7	Energy/power measurements of resources (e.g., radio resources, DMRS sequences, etc.) based on decoding information is supported.
Proposal 8	Prior to selection of resources, the UE shall sense the channel during a window of length equal to the longest reservation that can be signalled in the SCI.
Proposal 9	The resource allocation procedure supports reservations:
	Between retransmissions of the same TB.
	Prior to the first transmission of a TB.
Proposal 10	Reservation-based resource allocation is used for Mode 2:
	A short-term reservation message is transmitted to reserve the resources for all scheduled transmissions of a TB.
	The SCI accompanying each transmission of a TB carries necessary information for decoding future scheduled transmissions of the same TB.
Proposal 11	Resources for a transmission (e.g., of short-term reservation messages or a TB) are selected at random from a selection window [T1, T2], excluding resources sensed as busy.
Proposal 12	Dynamic restrictions on the transmission of HARQ feedback (e.g., based on RSRP, etc.) and retransmission of a TB are introduced. Details FFS.
Proposal 13	Sensing and resource selection are applied always.
Proposal 14	Sub-mode 2d is not supported.
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Appendix: evaluation assumptions
Unless otherwise states, the simulation assumptions follow [6] and [5]. Simulator parameters are summarized in Table 1.
[bookmark: _Ref1031453]Table 1. 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 [5]).

	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

	Number TB transmissions per scheduling occasion
	2

	Maximum number of scheduling occasions per TB (triggered by NACK) for unicast/groupcast (nmax)
	2
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