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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In NR V2X SI, two sidelink resource allocation modes are defined: mode 1 and mode 2. Furthermore, resource allocation for mode 1 by both NR Uu and LTE Uu has been studied. It has been agreed that both dynamic resource allocation and configured grants (including type 1 and type 2) are supported by NR Uu scheduling, while only type 1 configured grant with configuration restricted to time/frequency resources & periodicity is supported by LTE Uu scheduling. 
In this contribution, we first provide our consideration on resource allocation by NR Uu scheduling, including CSI reporting, MCS determination, DCI format and timing relationship between gNB scheduling and sidelink transmission. Then, issues on resource allocation by LTE Uu scheduling are discussed. 
Resource allocation for NR sidelink mode 1 by NR Uu
Dynamic resource allocation
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]In LTE V2X mode 3, eNB dynamically allocates time and frequency resources to sidelink UE via DCI format 5A, while MCS is (pre-)configured by higher layer signaling and if not (pre-)configured, the selection of MCS is up to UE implementation. In NR V2X, both unicast and groupcast in physical layer are supported, and sidelink CSI reporting is supported for unicast. When NR sidelink mode 1 is applied, the sidelink resources are allocated for source UE by the serving gNB. Based on sidelink channel quality, more efficient resource allocation can be achieved, and thus, it’s necessary for the serving gNB to acquire sidelink CSI. 
Proposal 1: Sidelink CSI reporting to gNB is supported at least for unicast.


Figure 1. NR sidelink mode 1 resource allocation
For sidelink CSI reporting to gNB, generally both source UE and destination UE can be considered. As destination UE may be not always in coverage when source UE works in mode 1, it may be impossible for destination UE to report sidelink CSI to gNB in some cases. Therefore, source UE is preferred to report sidelink CSI to gNB.
Furthermore, considering the source UE may maintain several sidelinks for different services, as shown in Figure 1. The source UE may set up a groupcast communication with destination group 1, and it may also set up two unicast communications with two different destinations: destination 1 and 2. These different sidelinks may have different sidelink CSI as different destinations are in different locations. As there are multiple sidelinks for the source UE, how to make the serving gNB distinguish CSI of these sidelinks needs to be solved. Therefore, when the source UE reports sidelink CSI to gNB, mechanism for identifying the link of the reported CSI is required, so that gNB can match the received CSI with proper buffer size provided in BSR.
Proposal 2: The source UE is supported to report sidelink CSI to gNB.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Proposal 3: Mechanism for identifying the corresponding link of the reported sidelink CSI should be supported. 
Then, another issue is whether the source UE should report CSI of each sidelink to the serving gNB or not. If yes, the serving gNB can perform scheduling for each sidelink and DCI may be enhanced to indicate the exact sidelink so that source UE can set the scheduling decision to the matched sidelink. However, this solution may cause large Uu signaling overhead as the serving gNB needs to know CSI of each sidelink.
On the other hand, source UE reports only some sidelink CSI to the serving gNB, which can reduce Uu signaling overhead. Take the example in figure 1 for illustration, assume only two MCS levels of 16 QAM and 64 QAM are allowed, and only CSI of channels which qualify 64 QAM are reported. Specifically, channel quality of unicast 1 (destination 1) is not good enough, and it can only apply 16QAM, while unicast 2 (destination 2) has good channel quality and can apply 64QAM. In this case, source UE reports only CSI of unicast 2 to the serving gNB, and then, gNB can know 64QAM cannot be applied to unicast 1 automatically. Similarly, DCI may be enhanced to indicate certain sidelink so that the source UE can set the scheduling decision to the matched sidelink.
Proposal 4: RAN1 discusses two alternatives for sidelink CSI reporting:
· Alt 1: report CSI of all sidelinks
· Alt2: report CSI of partial sidelinks
Proposal 5: Mechanism for matching the scheduling information for sidelink should be supported in mode 1 dynamic resource allocation.
When the serving gNB knows sidelink buffer size, CSI of a certain link, as well as QoS of the service, i.e., latency, reliability, etc.，similar dynamic scheduling as Uu link can be performed. Both time-frequency resource and MCS can be dynamically determined and indicated. 
Proposal 6: Sidelink MCS is determined and indicated by gNB via DCI signaling in mode 1 dynamic resource allocation. 
Configured grants
For type 1 configured grant in NR release 15 Uu link, all transmission parameters are (re-)configured by RRC signaling, without L1 signaling involved; while for type 2 configured grant, a combination of RRC signaling and L1 signaling is applied, where the transmission parameters of time offset, time and frequency domain allocation, antenna port, DMRS sequence initialization, number of precoding layers, resource indicator of SRS, MCS and TBS, frequency hopping offset, and pathloss reference index are indicated by activation DCI, and the remaining parameters are configured by RRC. For type 1 and type 2 configured grants in sidelink, transmission parameters can be configured in similar manner as type 1 and type 2 configured grants in Uu link, respectively. 
However, for HARQ process ID determination, different design with type 1 and type 2 configured grants in Uu link may be required.
For configured grants in NR Uu link, HARQ process ID is determined by the equation [1]: 
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
where CURRENT_ symbol is the symbol index of the first transmission occasion of repetition bundle and HARQ ID should be the same during the repetitions. 
In NR sidelink configured grant, HARQ ID should also be determined as HARQ feedback and retransmission is supported. However, only the source UE (i.e. Tx UE) knows the resource allocation of the sidelink configured grant and it’s impossible for the receive UE to calculate the HARQ ID itself through the equation above. Therefore, HARQ ID should be included in SCI for NR sidelink configured grant. Then, it is up to UE implementation for determining HARQ ID at the source UE side from our point of view.
Proposal 7: Support HARQ ID included in SCI for NR sidelink configured grants in mode 1.
Furthermore, regarding to the number of sidelink configured grants, it is beneficial to have multiple activated ones simultaneously, such that for services with different characteristics, i.e., packet size, periodicity, latency, etc., proper configured grant resources can be picked up for transmission. To support multiple activated sidelink configured grants, the total number of HARQ processes can be divided into several subsets, with each allocated to one configured grant. As for whether different transmissions of the same TB are allowed across multiple configured grants, we consider it is not necessary and further specification effort is required if supported. For example, in order that a receive UE can identify multiple transmissions on different configured grants targeted for the same TB, some indication in SCI is needed. And HARQ process ID with NDI is not enough to achieve this, as it will put strong constraint on the HARQ process utilization on each configured grant.
Proposal 8: Support multiple activated sidelink configured grants. 
Proposal 9: Not support different transmissions of a TB taking place across multiple configured grants. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]DCI format for mode 1 scheduling
In LTE V2X mode 3, a new DCI format 5A was introduced for eNB scheduling SL transmission. Similarly, a new DCI format is also needed for gNB scheduling SL transmission, including dynamic grant and type 2 configured grant in NR V2X mode 1. As for the size of the new DCI format, in order to reduce the complexity of blind decoding, it is necessary to align it to one of the existing DCI format sizes, for example, the size of DCI format 0_0, if they are mapped onto the same search space. Specifically, if the size of the new DCI format is less than the size of DCI format 0_0, zeros can be appended to the new DCI format until the payload size equals that of DCI format 0_0. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]What’s more, in order to distinguish the DCI formats for dynamic grant and type 2 configured grant from each other, two different RNTIs should be used, for example SL-RNTI and SL-CS-RNTI. Besides, if DCI formats for dynamic grant and type 2 configured grant are mapped on the same search space on which the DCI format 0_0 is not defined, the sizes of them should be aligned with each other by appending zeros to the DCI format with smaller size. 
Proposal 10: A new DCI format is defined for NR sidelink mode 1 scheduling.
Proposal 11: Different RNTIs are used to distinguish the DCI formats for dynamic grant and type2 configured grant from each other.
DCI contents for mode 1 scheduling
The new DCI format for mode 1 scheduling is used for the scheduling of PSCCH, and also contains several SCI fields used for the scheduling of PSSCH. 
The following candidate bit fields in DCI format for mode 1 scheduling are considered for the purpose of further evaluation and discussion. 
Table 1. DCI contents for mode 1 scheduling
	
	Bit field
	Note

	
	Carrier indicator
	

	
	SCI format/Cast type indicator
	need to discuss

	
	Transmission link indicator
	need to discuss

	
	Lowest index of the subchannel allocation to the initial transmission for PSCCH
	need to discuss the retransmission for PSCCH

	
	Time gap between DCI and PSCCH/PSSCH
	

	Also included in SCI field
	Number of retransmissions
	

	
	Frequency-domain resource allocation for scheduling PSSCH
	for initial transmission and retransmissions

	
	Time-domain resource assignment for scheduling PSSCH
	for initial transmission and retransmissions

	
	HARQ enable/disable
	whether to support dynamically disable SL HARQ feedback when (pre-)configuration indicates SL HARQ feedback is enabled.

	
	HARQ process ID
	

	
	MCS
	See proposal 6

	
	DMRS pattern
	whether to support dynamic indication of DMRS pattern

	Only for type-2 configured grant
	Grant index
	multiple activated sidelink configured grants

	
	Activation/release indication
	whether to explicitly indicate activation/release or reuse other fields


Gap between DCI and SL transmission
For NR sidelink mode 1 scheduling (dynamic grant and configured grant type-2), the gap between DCI and SL transmission should be defined. If it is possible that SCI and the associated PSSCH are not in the same slot, the gap between DCI and SL transmission can be defined as one of the following: 1) Time gap between DCI and SCI, 2) Time gap between DCI and PSSCH. 
It is noticed that the time gap between DCI and PSSCH includes the time gap between DCI and SCI, as well as the time gap between SCI and PSSCH (sidelink K0), as illustrated in Figure 2. Because the time domain resource allocation field in SCI could indicate the value of sidelink K0, only the time gap between DCI and SCI needs to be defined. 


Figure 2. The time gap between DCI and SL transmission
In LTE V2X sidelink transmission mode 3, the timing between the subframe where UE receives DCI format 5A and the first subframe for SL transmission is not less than 4 subframes for both dynamic scheduling and SL SPS. Since PSCCH and PSSCH are transmitted in the same subframe, the time gap between DCI and SCI is the same as the time gap between DCI and PSSCH. 
As the resource pool may be non-continuous in the time domain, to support advanced V2X services, UE processing capability should be defined, including the timing between DCI and PSCCH, the timing between SCI and PSSCH, as well as the timing between PSSCH and PSFCH. Basically, the time gap between DCI and SCI in NR V2X mode 1 scheduling should be not less than the minimum PSCCH preparation time (denoted by K2’ slots). 
One issue is whether the number of physical or logical slots is used to indicate the time gap between DCI and SL transmission. 
1) K2’ physical slots in the numerology of SL BWP. When the sidelink grant is transmitted in slot n, the SCI is transmitted in the first slot in the resource pool not smaller than K2’ physical slots from the reception slot of DCI. 
2) K2’ logical slots in the numerology of SL BWP within the resource pool. When the sidelink grant is transmitted in slot n, the SCI is transmitted in slot n’+K2’, where slot n’ is the first slot in the resource pool after slot n. 
Furthermore, the time gap between DCI and SL transmission should be signalled in DCI explicitly, considering scheduling flexibility and different UE processing capabilities. 
Proposal 12: For NR sidelink mode 1 scheduling (both dynamic grant and configured grant type-2), 
· The time gap between DCI and SCI is signalled in DCI explicitly.
· FFS whether the number of physical or logical slots is used.
Resource allocation for NR sidelink mode 1 by LTE Uu
According to NR V2X SI outcome, only type 1 configured grant with configuration restricted to time/frequency resources & periodicity	is supported for NR sidelink mode 1 by LTE Uu, and neither DCI based scheduling nor type 2 configured grant scheduling is supported.
In LTE V2X, cross-carrier sidelink SPS configuration is supported by indicating the carrier index via DCI 5A. As DCI is not allowed for LTE Uu scheduling NR sidelink mode 1, carrier index cannot be indicated accordingly. Therefore, whether cross-carrier sidelink SPS configuration is supported for NR sidelink mode 1 by LTE Uu should be discussed. 
Proposal 13: RAN1 discusses whether cross-carrier sidelink SPS configuration is supported for NR sidelink mode 1 by LTE Uu.
Furthermore, in previous meetings, it has been agreed that UE reports of assistance information to the gNB include, at least: traffic periodicity, timing offset, and message size for Uu V2X and sidelink V2X traffic (at least for periodic traffic). Similarly, In order to assist resource allocation for NR sidelink mode 1 by LTE Uu, UE should report of assistance information to the eNB include, at least: traffic periodicity, timing offset, and message size for NR sidelink V2X traffic (at least for periodic traffic).
Proposal 14: NR sidelink UE reports of assistance information to the eNB include, at least: traffic periodicity, timing offset, and message size for NR sidelink V2X traffic (at least for periodic traffic).
Conclusions
NR sidelink mode 1 resource allocation related issues are discussed in this document and the following conclusions are proposed:
Proposal 1: Sidelink CSI reporting to gNB is supported at least for unicast.
Proposal 2: The source UE is supported to report sidelink CSI to gNB.
Proposal 3: Mechanism for identifying the corresponding link of the reported sidelink CSI should be supported. 
Proposal 4: RAN1 discusses two alternatives for sidelink CSI reporting:
· Alt 1: report CSI of all sidelinks
· Alt2: report CSI of partial sidelinks
Proposal 5: Mechanism for matching the scheduling information for sidelink should be supported in mode 1 dynamic resource allocation.
Proposal 6: Sidelink MCS is determined and indicated by gNB via DCI signaling in mode 1 dynamic resource allocation. 
Proposal 7: Support HARQ ID included in SCI for NR sidelink configured grants in mode 1.
Proposal 8: Support multiple activated sidelink configured grants. 
Proposal 9: Not support different transmissions of a TB taking place across multiple configured grants. 
Proposal 10: A new DCI format is defined for NR sidelink mode 1 scheduling.
Proposal 11: Different RNTIs are used to distinguish the DCI formats for dynamic grant and type2 configured grant from each other.
Proposal 12: For NR sidelink mode 1 scheduling (both dynamic grant and configured grant type-2), 
· The time gap between DCI and SCI is signalled in DCI explicitly.
· FFS whether the number of physical or logical slots is used.
Proposal 13: RAN1 discusses whether cross-carrier sidelink SPS configuration is supported for NR sidelink mode 1 by LTE Uu.
Proposal 14: NR sidelink UE reports of assistance information to the eNB include, at least: traffic periodicity, timing offset, and message size for NR sidelink V2X traffic (at least for periodic traffic).
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Appendix: Agreements on NR sidelink mode 1 resource allocation
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]#94 Agreements:
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication
#94 Agreements:
· NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink
· Dedicated NR sidelink carrier
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]#94 Agreements:
· Study at least the following NR sidelink resource allocation techniques:
Dynamic resource allocation
· Activation/deactivation based
· E.g., semi-persistent scheduling allocation or NR grant free type-2 
· RRC (pre-)configured
· E.g., configured NR grant type-1, UE autonomous selection of resource(s) from resources configured by RRC
· RAN1 will study the level of network control, e.g., whether the UE may select other parameters (e.g., MCS) and/or the exact transmission resources, and whether the selection is autonomous or not
#94bis Agreements:
Continue studying NR sidelink resource allocation techniques by NR Uu for mode-1:
· Dynamic resource allocation
· Semi-persistent scheduling allocation or NR grant type-2 (activation/de-activation by physical layer signaling)
· Grant free transmission i.e., configured NR grant type-1
#94bis Agreements:
· Study further which resources to use for SL transmission and other network-control sidelink issues (e.g., power control) in the case of shared carrier 
#95 Agreements:
The following NR sidelink resource allocation techniques by NR Uu for mode-1 are supported:
· Dynamic resource allocation
· Configured grant. 
· FFS whether type-1 and/or type-2 
#95 Agreements:
· NR supports UE reporting over Uu of sidelink traffic-related information. 
· FFS contents.
#96 Agreements:
· UE reports of assistance information to the gNB include, at least: traffic periodicity, timing offset, and message size for Uu V2X and sidelink V2X traffic (at least for periodic traffic).

#AH1901 Agreements:
· When NR Uu schedules NR SL mode 1, both type 1 and type 2 configured grants are supported for NR SL 
#AH1901 Agreements:
· LTE Uu to schedule NR sidelink mode 1 is supported: 
· The support is done based on type 1 configured grant with configuration restricted to time/frequency resources & periodicity, with the condition that no additional function/procedure is to be introduced for LTE Uu
· Both DCI based scheduling and type 2 configured grant scheduling are not supported for scheduling NR sidelink mode 1
#96 Agreements:
· In mode 1 for unicast and groupcast, it is supported for the transmitter UE via Uu link to report an indication to gNB to indicate the need for retransmission of a TB transmitted by the transmitter UE. 
· FFS the format of the indication, e.g., in the form of HARQ ACK/NACK, or in the form of SR/BSR, etc.
· RAN1 continues discussion on whether to support report from the receiver UE 
· No inter-BS communication will be considered.
To discuss aspects related to 1st sub-bullet & 2nd bullet during this week -revisit later

#96 Agreements:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.

#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.

image2.emf
Resource pool

n n+1 n+2 n+3 n+4 n+5 n+6

D

C

I

S

C

I

PSSCH

n+7 n+8

Sidelink K0

Time gap

K2' slots


oleObject2.bin
n


n+1


n+2


n+3


n+4


n+5


n+6


DCI


SCI


PSSCH


n+7


Resource pool








n+8


Sidelink K0


Time gap
K2' slots



image1.emf
Groupcast 1

unicast 1

unicast 2

Source UE

Destination group 1

Destination 1

Destination 2

gNB

Uu


oleObject1.bin
Groupcast 1


unicast 1


unicast 2


Source UE


Destination group 1


Destination 1


Destination 2


gNB


Uu



