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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This document discusses the design of resource allocation for NR sidelink Mode 1.
The important agreements from the previous 3GPP meeting ([2], [3], [4], [6], [8]), V2X SI and new WI, captured in TR38.885 [5] and RP-190766 [1], are noted down in the relevant sub-items before presenting our views and proposals in those topics

RAN1 & RAN2 agreements and TR38.885 scope
RAN1 agreements
In RAN1 AdHoc #1901, it was agreed that:
· When NR Uu schedules NR SL mode 1, both type 1 and type 2 configured grants are supported for NR SL

In RAN1 #96b
Agreements:
· A dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.
· A configured grant (type-1, type-2) provides a set of resources in a periodic manner for multiple sidelink transmissions.
· UE decides which TB to transmit in each of the occasions indicated by a given configured grant.
· FFS: whether different transmissions of a TB can take place across multiple configured grants.
· Other restrictions on what can be transmitted in a given configured grant (e.g., based on QoS, destination UE, etc.) are up to RAN2.

Agreements:
7.2.4.6 QoS management for sidelink
Support at least NR CBR as congestion metric for NR sidelink congestion control. 
· LTE CBR is the baseline for defining NR CBR.

In RAN1 #97:
Agreements:
· A dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.
· A configured grant (type-1, type-2) provides a set of resources in a periodic manner for multiple sidelink transmissions.
· UE decides which TB to transmit in each of the occasions indicated by a given configured grant.
· FFS: whether different transmissions of a TB can take place across multiple configured grants.
Other restrictions on what can be transmitted in a given configured grant (e.g., based on QoS, destination UE, etc.) are up to RAN2.

Agreements:
· Sidelink HARQ ACK/NACK report from transmitter UE to gNB is supported with details FFS.
Note: this reverts the following agreement from RAN1#96:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.
· SR/BSR report to gNB for the purpose of requesting resources for HARQ retransmission is not supported.
Send an LS to RAN2 with the agreement – R1-1907889, which is approved with final LS in R1-1907905

Agreements:
· NR sidelink does not support performing different transmissions of a TB using different configured grants.

Agreements:
· For mode 1:
· A dynamic grant by the gNB provides resources for transmission of PSCCH and PSSCH.

RAN2 agreements
In RAN2#105bis
Agreements on SL configured grant: 
1: 	Multiple active configured sidelink grants should be supported in NR sidelink.
2: 	A confirmation for activation/deactivation of SL configured grant type-2 is needed. Details are FFS.
Agreements on BSR and UAI: 
1: 	For SL BSR, at least adopt buffer size (bit size is FFS), destination index (bit size is FFS) and LCG ID (detailed format and bit size is FFS).
2: 	Support UE assistance information reporting on traffic pattern, including information on periodicity, time offset, message size, QoS info (details are FFS), and destination id.
Agreements on SR: 
1: 	For NR Uu controlling NR SL, whether/how to configure separate SR resources and SR configurations for UL and SL is up to gNB implementation (e.g. associating UL LCHs and SL LCHs with different SR configuration IDs respectively).
2: 	As in NR Uu, the mapping between SR configurations and SL LCHs can be achieved by including in each SL LCH configuration the ID of its associated SR configuration, which is associated with a set of SR resources.

TR38.885:
[bookmark: _Toc3237556]5.3	Resource allocation
The study defines at least the following two SL resource allocation modes:
Mode  1: BS schedules SL resource(s) to be used by UE for SL transmission(s). See section 6.2.1.
[bookmark: _Toc3237573]
TR38.885:
6.2.1	Control of NR SL by NR
The study considers how NR Uu can assign NR SL resources for the cases of (i) a licensed carrier shared between NR Uu and NR SL; and (ii) a carrier dedicated to NR SL. The following techniques are supported for resource allocation Mode 1:
-	Dynamic resource allocation
-	Configured grant Type 1 and Type 2
In the above, the level of network control is also studied, for example whether the UE may select other parameters (e.g., MCS) and/or the exact transmission resources, and whether the selection is autonomous or not.

NR Uu enhancements to enable NR sidelink mode 1

Issue 2.1	Notion of resource

It is possible that a UE having received a configured grant has to transmit or receive different kind of casting (UC, GC, BC) onto the configured resources. It must be noted that these different casting types may or may not be known by the UE at the time of the grant request. In addition the mix of UC, GC,BC is likely to vary in time in the course of the configured resources. Thus there is no viable way for the UE and further for the gNB to know the upcoming casting types and hence to adapt the amount of grants to the amount of traffic of each category, therefore  it is preferred not to differentiate grants for UC, GC, BC as it would impact significantly the resource allocation efficiency in configured grant allocation.

[bookmark: _Hlk16524028]Observation 1:  In configured grant, a configured UE typically doesn’t know in advance which kind of traffic (UC,GC, BC) it will have to transmit during the course of the configured resources. 
Observation 2:  Differentiation of UC,GC and BC in configured grant case comes at the cost of reduced resource usage efficiency. 


Proposal 1: Mode-1 configured grants are casting type agnostic (don’t contain UC, GC or BC indication). 


Whether the casting types must be handled differently w.r.t. QoS or congestion control  is unclear yet, it is proposed to further study this aspect in the QoS and congestion control mechanism chapter 7.2.4.6 


Proposal 2: UC, GC, BC differentiation, if any, is left for congestion control and/or QoS mechanisms.

Observation 3: In dynamic grant there is no need to indicate the cast type since each grant is optained in response to a defined request for the corresponding TB, whichever the cast type (UC, GC, BC).

Proposal 3: Mode-1 dynamic grants are casting type agnostic (don’t contain UC, GC or BC indication). 

Issue 2.2	Level of control by the gNB

Although it is necessary to maintain a close control by the gNB of UE activities, for SL mode 1 it seems difficult to maintain full control without generating a too high amount of reporting and signalling. In particular SL MCS selection can hardly be done at gNB side due to fast channel variations. In that perspective, gNB can select a range of MCS based e.g. on average CSI information and the transmitting UE picks-up in real time the most suitable MCS among the set for its upcoming transmission. Assuming the MCS is included in the SCI, this method can be applied without loss of performance nor signalling overhead. 
It must be noted that this method is especially suitable for configured grant case where the channel conditions are likely to change during the course of the configured resources. 

Proposal 4: In Mode-1 dynamic grants and configured grants, gNB configures a range of MCS from which the UE can autonomously select values and indicate the selected value in SCI. 

Issue 2.3.	HARQ and mode-1
Although it is necessary to maintain a close control by the gNB of UE activities, for SL mode 1 it seems difficult to maintain full control as in Uu case. In particular, when single DCI schedules multiple transmissions of a single TB, RV may change in the course of the retransmissions and thus RV indication has to be indicated to the Rx UE at each transmission occurrence.  This is not feasible if RV is conveyed by DCI and thus it is necessary to have RV included in SCI. 

Observation 4: Following RAN1#96b agreements, a single DCI can schedule multiple sidelink transmissions of a TB, however if RV indication is kept in the DCI as in Uu, the same RV must be used for all the transmissions of a DCI grant.
Proposal 5: RV indication is provided in SCI.

Issue 3.1. Granting multiple resources with a single DCI
When a dynamic grant provides resources for multiple sidelink transmissions of a single TB (as per RAN1#96b agreement), resources are pre-allocated for a certain duration and hence can’t be adapted to the channel conditions within this duration. In order to minimize the likelihood of repetitive bad radio channel conditions, it makes sense to exploit time and frequency diversity in the SL repetition pattern. Whether this must be done with pre-defined TFRPs or with time / frequency offsets is FFS.
Proposal 6: Dynamic grant for multiple transmissions of a single TB must exploit time and frequency diversity. Whether this must be done via pre-defined TFRPs or via time and frequency offsets indications is FFS.

Issue 4.2.	Multiple simultaneously active configured grants
The different advanced NR V2X use cases bring a wide variety in terms of latency and throughput requirements. Furthermore, requirements of each use case are themselves highly variable (e.g. several orders of magnitude for throughputs, up to x30 variation on latency) therefore flexibility of the resource allocation schemes has to be privileged. 


Table 1 Advanced NR V2X use cases and requirements
	Use cases
	Payload (bytes)
	Latency (ms)
	Reliability (%)
	Data Rate (Mbps)

	Vehicle Platooning
	50-6500
	10-20
	90-99.99
	0.012-65

	Advanced Driving
	300-12000
	3-100
	90-99.999
	0.096-53

	Extended Sensors
	1600
	3-100
	90 - 99.999
	10-1000

	Remote Driving
	
	5
	99.999
	UL: 25, DL:1



In a realistic configuration, the different advanced V2X use cases will not be mutually exclusive, meaning that a UE involved in a platoon can for example simultaneously exploit extended sensors. 
Observation 5: A UE can support several advanced V2X use cases simultaneously.

In order to accommodate the different resource scheduling requirements and their time variability, support of multiple configured grants with different repetition patterns adapted to the active use cases is considered beneficial. Therefore, the following is proposed 
Proposal 7: Multiple configured grants per UE are supported on SL

Issue 5.3	DCI activating/releasing multiple type-2 configured grants
In addition, considering again the variety of advanced NR V2X use cases, it is very likely that they will have different duty cycles and activation/deactivation periods, it is thus beneficial to support independent dynamic activation/de-activation of the configured grants sustaining these use cases (for type 2 configured grants). 
Observation 6: When several advanced NR V2X use cases are supported by a UE they are typically asynchronous with independent duty cycles.

Proposal 8: Multiple type 2 configured grants per UE with independent dynamic activation/deactivation are supported on SL

[bookmark: _Ref129681832]Issue 6.1   Shared Carrier
It is possible that a shared TDD carrier is configured with a significant number of flexible slots which reduces the number of available resources for sidelink transmission. Therefore, it would be beneficial if flexible slots/symbols can be made available for sidelink transmission. A resource pool is expected to support traffic with a wide-range of requirements, e.g. high throughput, low latency, etc, but if only sparse cell-specific UL slots are available for SL it is difficult to support high data rates and low latency. 

Observation 7 On shared TDD carrier, SL on cell-specific UL slots only, limits throughput and delay of transmissions.

Proposal 9 On shared TDD carrier, support sidelink transmission on flexible slots.

Evidently, making flexible slots available for SL comes at the expense of reduced resources for UL/DL. Thus, a more dynamic scheme where flexible slots are made available for SL temporarily to support asynchronous high-data traffic is desirable.

Proposal 10 Allow to allocate flexible slots for SL temporally.
 
Issue 9.1	UE reports

It has been proposed in RAN1 to use LTE-V2X congestion control as a basis for NR-V2X congestion control design. Assuming the same baseline principles are kept, most of the congestion control is performed at UE side (CBR measurement, CR-limit compliance…) under RRC configuration control. Still it would be beneficial to report CBR to the gNB so that the latter can take medium occupancy into account to dimension configured resources or number of configured resources for upcoming configured grants. 

Proposal 11 NR supports UE reports of CBR.

Issue 10.2	Pre-emption
In heavy traffic situations, when many users are requesting traffic, the gNB will allocate all or major portion of sidelink resources. If in this situation, the gNB receives a request for high priority transmission, and it has scheduled all sidelink resources, in a mix of dynamic and periodic (SPS, configured grant type 1, type 2, etc) allocations, it may not be able to schedule the resources for the high priority transmission in a timely manner. Waiting for the suitable resources getting freed up will result in violation of the quality of service (QoS) targets for the traffic in question, and will degrade the system efficiency. To be able to accommodate the additional high priority traffic, during the time the gNB does not have sufficient resources available for the target traffic, a mechanism can be envisaged where the gNB can free up sidelink resources which have been pre-allocated to some users. The newly freed resources can, thus, be quickly used for the transmission of high priority traffic within their QoS constraints. To liberate the pre-allocated resources, the base station can send a blocking indication to free up the configured grant resources. This blocking indication can be transmitted prior to the configured grant occasion(s), target of blocking, with a certain margin to allow the decodability of this blocking indication at the users configured to use this resource.

Proposal 12 The gNB can transmit a blocking indication to restrict the usage of sidelink configured grant resources which it pre-allocated to one or a group of sidelink users.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The following proposals have been made in this document.
Issue 2.1
Observation 1:  In configured grant, a configured UE typically doesn’t know in advance which kind of traffic (UC,GC, BC) it will have to transmit during the course of the configured resources. 
Observation 2:  Differentiation of UC,GC and BC in configured grant case comes at the cost of reduced resource usage efficiency. 
Proposal 1: Mode-1 configured grants are casting type agnostic (don’t contain UC, GC or BC indication). 
Proposal 2: UC, GC, BC differentiation, if any, is left for congestion control and/or QoS mechanisms.
Observation 3: In dynamic grant there is no need to indicate the cast type since each grant is optained in response to a defined request for the corresponding TB, whichever the cast type (UC, GC, BC).
Proposal 3: Mode-1 dynamic grants are casting type agnostic (don’t contain UC, GC or BC indication). 
Issue 2.2
Proposal 4: In Mode-1 dynamic grants and configured grants, gNB configures a range of MCS from which the UE can autonomously select values and indicate the selected value in SCI. 
Issue 2.3
Observation 4: Following RAN1#96b agreements, a single DCI can schedule multiple sidelink transmissions of a TB, however if RV indication is kept in the DCI as in Uu, the same RV must be used for all the transmissions of a DCI grant.
Proposal 5: RV indication is provided in SCI.

Issue 3.1
Proposal 6: Dynamic grant for multiple transmissions of a single TB must exploit time and frequency diversity. Whether this must be done via pre-defined TFRPs or via time and frequency offsets indications is FFS.
Issue 4.2.	 
Observation 5: A UE can support several advanced V2X use cases simultaneously.
Proposal 7: Multiple configured grants per UE are supported on SL
Issue 5.3	
Observation 6: When several advanced NR V2X use cases are supported by a UE they are typically asynchronous with independent duty cycles.
Proposal 8: Multiple type 2 configured grants per UE with independent dynamic activation/deactivation are supported on SL
Issue 6.1   
Observation 7 On shared TDD carrier, SL on cell-specific UL slots only, limits throughput and delay of transmissions.
Proposal 9 On shared TDD carrier, support sidelink transmission on flexible slots.
Proposal 10 Allow to allocate flexible slots for SL temporally.
 
Issue 9.1
Proposal 11 NR supports UE reports of CBR.
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