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Introduction
RAN#83 converted NR V2X study item to a work item [1] with the following objective related to Mode-1 resource allocation:
	· Resource allocation [RAN1, RAN2]
· Mode 1
· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome
· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE
· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.
· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 


In the SI phase, it was agreed that NR sidelink may be scheduled by NR Uu in dynamic manner (DCI based), type 1 configured grant manner (RRC based), and type 2 configured grant manner (RRC+DCI based). Also, sidelink Mode-1 operation in NR can be controlled by LTE Uu in a form similar to type 1 configured grant under restriction of no additional LTE Uu functionality/procedure.
In this contribution, we discuss NR sidelink resource allocation techniques agreed to be supported by RAN1. Our views on other NR-V2X design aspects are summarized in our companion contributions [2]-[8].
NR Mode-1
A fundamental assumption for design of Mode-1 should be that receivers are agnostic to mode of operation used for transmissions. Under this assumption, Mode-1 functionality is mostly confined to design of DCI and RRC signaling for the dynamic and configured scheduling together with assistance signaling from UEs. While the design of sidelink transmission procedures should be commonly developed in a framework of sidelink physical layer procedures.
UE Assistance Information for Scheduling
Assistance for scheduling
In order to manage sidelink resources, it was agreed to support UE assistance signalling on UE geographic information and V2X traffic related information (message size, periodicity, time offset). The details are now up to RAN2 to define.
A UE should also be able to provide sidelink physical layer measurements which are critical to assists gNB scheduling decisions and resource allocation for sidelink transmissions:
· Resource occupation
· Congestion metric (e.g. CBR if agreed)
· Occupied or available candidate sidelink resources according to specific RSRP/RSSI threshold
· Sensing information
· For Mode-1 & Mode-2 multiplexing
· Power control & CSI related measurements
· Time-frequency selective SL-RSRP/SL-RSSI
· L3 filtered SL-RSRP in case of unicast
· CQI and RI for unicast
Proposal 1: 
At least the following information is reported to gNB in Mode-1
L3 filtered SL-RSRP measured on unicast links
CQI/RI on unicast links
Congestion metrics
Sensing related measurements, FFS details

Request for transmission/retransmission
It was concluded that request of retransmission resources from gNB in Mode-1 is NOT supported in a form of HARQ-ACK. Thus, the only option currently on the table is usage of SR like signalling or higher layer signalling, e.g. BSR or even RRC message.
It is clear that using physical layer signalling would provide best latency performance especially given the tight requirements from advanced V2X use cases. For this purpose, the TX may send a scheduling request for sidelink transmission in PUCCH. Fortunately, multiple configurations mapped to different LCH were already introduced in Rel.15 NR, thus it may be straightforward to reuse this mechanism. When PUSCH is scheduled in the same time, usual sidelink BSR may be appended to it.
Proposal 2: 
Support sidelink scheduling request in PUCCH
Send LS to RAN2 asking to specify sidelink scheduling request within a framework of multiple SR configurations

Dynamic Scheduling
Dynamic scheduling of sidelink transmissions involves monitoring of a specific DCI format that grants sidelink transmission. The content of the DCI should allow control of most of the transmission parameters, such as FD and TD resource allocation, power, etc.
DCI monitoring
It is natural to size-match the new DCI with one of the other formats to be monitored for Uu operation in order to keep same DCI size budget and blind decoding budget. When the DCI is size-matched, a new RNTI for monitoring of this DCI is desirable.
Proposal 3: 
SL scheduling DCI is size-matched to one of configured formats for Uu operation
New RNTI is introduced for monitoring of the DCI for dynamic Mode-1 scheduling of sidelink transmission

This new DCI may have its own parameters for monitoring (CORESET, search space, periodicity, number of candidates per aggregation level, etc.).

Timing information
One important role of the DCI is also to carry timing of sidelink transmission with respect to the instance of DCI reception. In LTE, this timing was a fixed value, while in NR it should at least be variable because of potentially different subcarrier spacing between Uu carrier and SL carrier. Moreover, the timing should capture different gaps between DL occasion for monitoring and SL occasion for transmission due to different UL-DL configurations.
A preferred option is to place timing offset between DCI and SL transmission into DCI content similar as it was done in NR uplink. However, the timing value K2 was encoded together with SLIV for PUSCH. Since time domain resource allocation for SL within a slot is expected to be designed differently, it may not be possible to follow same approach. Thus, the sidelink K2 may be explicitly signalled as a DCI field.
Note, that K2 should follow minimum preparation time restriction wherein N2/Tproc,2 should suit well since PSSCH preparation and SL grant decoding should take similar time as PUSCH preparation + UL grant decoding.
Proposal 4: 
SL scheduling DCI carries signalling of a time gap between DCI reception instance and corresponding SL transmission
The UE should not expect the time gap is smaller than the minimum PSCCH/PSSCH preparation time

MCS signalling
Another important aspect is whether MCS is selected by a UE or may be signalled by gNB. It is natural to support at least the case of UE-autonomous MCS assignment since in many cases it is hard to know actual channel quality at gNB and adapt transmission parameters. If gNB-based control of MCS is deemed necessary, it may be done using semi-static UE-specific configuration, or be a part of congestion control restrictive settings.
Proposal 5: 
MCS is not conveyed in the SL scheduling DCI

Power control
It was already agreed that the pathloss to gNB may be used for setting sidelink transmit power. This mechanism may be common for Mode-1 and Mode-2. However, Mode-1 also has possibility to control sidelink transmit power more dynamically by using TPC-like signalling. 

HARQ related information
For groupcast/unicast HARQ operation it was agreed to introduce HARQ process ID, NDI, RV signalling in SCI. However, it is clear that these fields should not be controlled by gNB since those relate to internal UE procedures. Besides that, w/o knowing HARQ feedbacks at gNB, it is not possible to track usage of HARQ processes etc. The only possible information related to it is the request for HARQ feedback, which may be enabled or disabled depending on scheduling decision and e.g. service type.
Proposal 6: 
SL scheduling DCI should carry HARQ feedback enabling/disabling information

Configured Scheduling
Type 1 configured scheduling relies purely on RRC configuration to provide transmission parameters and resources. First of all to enable this type of scheduling, the parameters being carried by DCI need to be conveyed in a UE-specific RRC message. In addition, timing parameters and periodicity of sidelink occasions which follow these transmission parameters should be also signalled.
Type 2 configured scheduling should reuse most of the past considerations by applying DCI-based activation/deactivation of SL semi-persistent transmissions, while RRC may convey at least periodicity of such a process.
It is important to be able to provide more than one such a configuration (both Type 1or Type 2), so that quasi-periodic traffic and different services may be efficiently multiplexed. For example, a UE may have unicast, groupcast, broadcast services enabled each of them having different QoS attributes and therefore transmission parameters.
Proposal 7: 
Configured Mode-1 scheduling should support multiple active configurations for both Type 1 and Type 2

Specific to Type 2, it may be of high importance to inform gNB about successful reception of activation/deactivation DCI for SL configured scheduling since there is no other way for gNB to know about successful reception besides waiting for another request for resources from a UE in case it missed the DCI. For that purpose, same mechanism as for SPS/CG in a form of MAC confirmation may be reused. That is, a UE need to send a MAC CE on PUSCH informing about successful DCI detection. There is also no need in special allocation of PUSCH for that purpose since gNB may allocate another PUSCH by its own decision.
Proposal 8: 
Introduce confirmation of Type 2 configured scheduling activation/release by a MAC CE
Send LS to RAN2 asking to define MAC CE and procedure for confirmation of Type 2 configured scheduling activation/release

[bookmark: _Ref4924755]Advanced Uu Control
In UE-autonomous resource allocation UE picks sidelink transmission resources following predefined procedure for resource selection. For some of advanced V2X use cases, it may be useful to enable Uu signaling mechanism to preempt or reserve sidelink resources for a certain period of time in a given geographical area which is controlled by gNB. There may be different design options, how the Uu mechanism for sidelink resource reservation can be implemented. For example, the gNB may dynamically or semi-statically preempt (indicate interrupted sidelink transmission) or reserve sidelink resources in allocated resource pools configured for UE-autonomous resource allocation mode
In order to implement Uu based sidelink resource reservation or preemption mechanisms, UEs may need to monitor predefined control channel occasions on Uu link and decode group common DCIs that may be associated with specific geographical areas, so that geo-casting principle is applied for reservation or preemption of sidelink resources over Uu mechanisms.
Proposal 9:  
· Support signaling to reserve and/or preempt sidelink resources by gNB

Mode-1 and Mode-2 Multiplexing
Intra-UE
It was agreed to support simultaneous Mode-1 and Mode-2 operation from single UE perspective. While from RX perspective the mode should be transparent, from TX perspective additional handling may be needed. For example, when Mode-1 and Mode-2 transmissions are going to collide, at least QoS and services type of the transmissions should be taken into account for the purpose of prioritization. However, when it happens that both Mode-1 and Mode-2 have same QoS of the traffic, a tie-breaking rule would be to prioritize Mode-1 transmission.
Note, the collisions may even be avoided so that Mode-2 sensing procedure excludes known Mode-1 transmission opportunities if they have lower associated priority.
Proposal 10: 
· QoS attributes (i.e. priorities) are used to prioritize between Mode-1 and Mode-2 if a UE is configured to perform both Mode-1 and Mode-2
· If a UE is configured to perform both Mode-1 and Mode-2 at the same time and QoS attributes are equal, the Mode-1 transmissions are prioritized over Mode-2 sidelink transmissions 

Inter-UE
Sharing of sidelink resources in gNB-controlled (Mode-1) and UE-autonomous (Mode-2) resource allocation modes is one of the practical issues due to fundamentally different approaches used for sidelink resource allocation. The seamless coexistence between these two modes was one of the opens for LTE V2X communication that was addressed at some extent in LTE R15, where possibility of sensing and reporting was agreed for Mode-3 UEs. Lack of sidelink radio-environment/measurement information may results in sub-optimal scheduling decision for gNB controlled sidelink resource allocation.
There are two basic mechanisms that may facilitate resource sharing between modes:
· Sensing information reporting
· As in Rel.15 LTE V2X, a mechanism to collect and report sensing information to gNB may be introduced for seamless mode co-existence. This would have impact of Mode-2 sensing procedure itself, i.e. the Mode-2 sensing information should be feasible to report with manageable overhead.
· Resource reservation by a UE and/or by a gNB
· Mode-1 UEs may transmit resource reservation signaling on dedicated sidelink control channel resources and reserve sidelink resources in a shared sidelink resource pool
· As it is also discussed in section 2.4, a gNB may send reservation/preemption signal by its own using broadcast/groupcast DCI, as illustrated in Figure 1.


[bookmark: _Ref4924927]Figure 1: Broadcasting of information on gNB-controlled scheduled transmissions

Proposal 11: 
· At least the following information needs to be reported to gNB for Mode-1 and Mode-2 resource sharing
· Congestion metrics
· Sensing related measurements, FFS details

LTE eNB-based control of NR Sidelink
Based on RAN1 WG agreements made so far we do not foresee any additional physical layer enhancements at LTE side to control NR sidelink. Most of the work is expected in RAN2 side where RRC signalling and UE assistance signalling forwarding is being specified.

Conclusions
In this contribution, network-controlled sidelink communication mode was analyzed for both NR Uu and LTE Uu cases. Based on discussion and analysis we have the following proposals:

Proposal 1: 
At least the following information is reported to gNB in Mode-1
L3 filtered SL-RSRP measured on unicast links
CQI/RI on unicast links
Congestion metrics
Sensing related measurements, FFS details
Proposal 2: 
Support sidelink scheduling request in PUCCH
Send LS to RAN2 asking to specify sidelink scheduling request within a framework of multiple SR configurations
Proposal 3: 
SL scheduling DCI is size-matched to one of configured formats for Uu operation
New RNTI is introduced for monitoring of the DCI for dynamic Mode-1 scheduling of sidelink transmission
Proposal 4: 
SL scheduling DCI carries signalling of a time gap between DCI reception instance and corresponding SL transmission
The UE should not expect the time gap is smaller than the minimum PSCCH/PSSCH preparation time
Proposal 5: 
MCS is not conveyed in the SL scheduling DCI
Proposal 6: 
SL scheduling DCI should carry HARQ feedback enabling/disabling information
Proposal 7: 
Configured Mode-1 scheduling should support multiple active configurations for both Type 1 and Type 2
Proposal 8: 
Introduce confirmation of Type 2 configured scheduling activation/release by a MAC CE
Send LS to RAN2 asking to define MAC CE and procedure for confirmation of Type 2 configured scheduling activation/release
Proposal 9: 
· Support signaling to reserve and/or preempt sidelink resources by gNB
Proposal 10: 
· QoS attributes (i.e. priorities) are used to prioritize between Mode-1 and Mode-2 if a UE is configured to perform both Mode-1 and Mode-2
· If a UE is configured to perform both Mode-1 and Mode-2 at the same time and QoS attributes are equal, the Mode-1 transmissions are prioritized over Mode-2 sidelink transmissions 
Proposal 11: 
· At least the following information needs to be reported to gNB for Mode-1 and Mode-2 resource sharing
· Congestion metrics
· Sensing related measurements, FFS details
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