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Introduction
In RAN1#97, the following agreements were made on Mode-1 sidelink resource allocation [1].
	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	[DRAFT] Reply LS to RAN2 on mode-1 retransmission indication	Ericsson
Decision: The draft LS is endorsed and final version is approved in R1-1907905.
Agreement:
· NR sidelink does not support performing different transmissions of a TB using different configured grants.
Agreement:
· For mode 1:
· A dynamic grant by the gNB provides resources for transmission of PSCCH and PSSCH.



In this contribution we discuss remaining open issues on Mode-1 sidelink resource allocation/scheduling, DCI signaling and contents, and sidelink configured grants. We also discuss remaining issues on LTE-Uu controlling NR sidelink.
NR-SL controlled by NR-Uu
DCI Format and RNTI
Mode-1 resource allocation supports both dynamic grants and Type-1/2 configured grants. The DCI signaling that schedules a dynamic grant or activates/deactivates a Type-2 CG can be distinguished at UE either by using different DCI formats or by CRC scrambling with different RNTIs. 
In LTE V2X, sidelink dynamic grants and sidelink SPS activation/deactivation are both signaled by the same DCI format 5A. Dynamic grants are indicated when DCI-5A is CRC scrambled by SL-V-RNTI whereas an SPS activation/release is triggered when DCI-5A is CRC scrambled by SL-SPS-V-RNTI. Also zero padding is used to align DCI payload size to an existing LTE DCI (format 0) payload size. That way, using the same DCI format with equal payload size helps reduce UE blind detection complexity in LTE. Similar approach should be adopted in NR V2X to minimize detection complexity.
Observation 1: Using the same DCI format with equal payload size for both dynamic grants and Type-1 configured grant activation/deactivation can help minimize UE blind detection complexity.
We propose the following:
Proposal 1: Same DCI format is used to either schedule SL dynamic grant or activate/release SL Type-2 configured grants. 
· DCI is CRC scrambled by different RNTIs to help UE distinguish between a dynamic grant and a configured grant activation/release.
· Use zeros padding to align payload size to an existing DCI format (e.g., format 0_0/1_0).

PDCCH-to-PSSCH timing in SL Mode-1
The timing from DCI reception to PSSCH transmission should be defined in NR Mode-1. In LTE V2X, the timing offset from PDCCH to PSSCH is defined as 4 subframes. In case of LTE TDD carrier, the scheduling DCI (i.e., format-5A) includes a 2-bit field (i.e., ‘SL index’) in some TDD configurations to add further time offset beyond 4 subframes. 
In NR Mode-1, PSSCH preparation timing should be studied based on UE processing timeline, as illustrated in Figure 1. After DCI is received from gNB, UE prepares PSSCH in a certain time duration. The timing offset needs to have a configurable value in TDD due to different UL-DL slot configurations. It may also be beneficial to use configurable timing offset in FDD carriers since NR V2X supports multiple services with diverse latency requirement.
Observation 2: Different UL-DL slot configurations on a TDD carrier requires flexible PSSCH timing offset in sidelink.
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Figure 1: UE sidelink timeline illustrating Mode-1 PDCCH-to-PSSCH timing offset.
The PDCCH-to-PSSCH timing indication should allow sufficient time for V2X-UE to prepare PSSCH. The minimum allowed timing offset should depend on configured sidelink numerology, and it should be more relaxed than minimum preparation time requirement for PUSCH in NR uplink. This is due to the additional time delay incurred by inter-tunnel information exchange between Uu and sidelink modules. 
Observation 3: The PDCCH-to-PSSCH time offset needs to be more relaxed than Rel-15 PUSCH time requirement due to additional delay incurred by information exchange between Uu and sidelink modules.
Similar to LTE V2X Mode-3, the PSSCH timing offset indicator field in DCI can be defined at slot-level granularity. Hence it’s natural to define the minimum possible PSSCH time offset value at slot-level granularity as well. The minimum offset values should also depend on numerologies 
The minimum timing indication should depend on numerology. So, we can take NR Type-1 PUSCH timing as baseline. For example, see the Table below
Proposal 2: Use flexible timing indication with minimum DCI-to-PSSCH timing defined based on slot-level values for each sidelink numerology.
· Minimum PDCCH-to-PSSCH timing offset is more relaxed than Rel-15 PDCCH-to-PUSCH timing.
· FFS whether minimum PSSCH time offset also depends on downlink numerology.

DCI content
New DCI format for NR V2X Mode-1 needs to convey some of the following information:
Carrier indicator
Since NR Uu and NR SL can operate on different bands (e.g., ITS) or on a shared carrier, new DCI format should include a carrier indicator field for cross-carrier scheduling. Since both LTE V2X Mode-3 DCI (i.e., format 5A) and Rel-15 NR eMBB DCI scheduling PUSCH or PDSCH (i.e., format 0_1/1_1) carry 3-bit fields, it is reasonable to consider that NR V2X DCI also carries a 3-bit carrier indicator field in Mode-1.
Proposal 3: Mode-1 DCI includes a 3-bit carrier indicator field.


Resource pool indicator 
If different resource pools are configurable dynamically at UE for transmission within the same SL BWP, a resource pool indicator field can be included in the DCI scheduling PSSCH. However, if UE is not required to transmit on more than one resource pool during a short time interval, a dynamic resource pool indication may not be needed. 
The decision requires further progress in sidelink design/procedure first. 

L1 destination ID
UE includes destination ID information when SL-BSR is reported to gNB. If multiple unicast sessions are established at UE at the same time, network will need to indicate the intended destination UE(s) in each Mode-1 DCI explicitly. The SCI field that carries the L1 destination ID information should be included in the DCI scheduling PSSCH using the same number of bits.
Proposal 4: Mode-1 DCI includes a L1 destination ID field. 

Transmission type
Broadcast and groupcast/unicast are supported in NR SL. It is required to indicate the transmission type in DCI since introducing multiple DCI formats or multiple RNTIs for each cast type would cause unnecessary blind decoding complexity in downlink. Cast type information can either be conveyed explicitly in a separate DCI field, or derived by UE implicitly based on the L1-destination-ID field. The latter approach is preferred since the destination ID information can be included in Mode-1 DCI by gNB. Also, the destination ID information is reported by UE in SL-BSR which can help convey the cast type as a derivative of the destination ID information indicated in DCI. 
Observation 4: Higher-layer destination ID configuration and SL-BSR report content can help UE derive transmission type implicitly based on the L1 destination ID field in the DCI scheduling PSSCH.
Proposal 5: No DCI field is needed for transmission/cast type. Transmission type is derived by UE implicitly based on L1 destination ID.

Time and frequency resource allocation
LTE DCI format-5A indicates frequency allocation for both initial transmission and re-transmission along with the time gap. NR DCI scheduling PSSCH should also have fields indicating time/frequency resources for at least one or multiple PSSCH transmissions. Also, a time gap field can be included in DCI when multiple blind repetitions are enabled. The number of bits in each field should be decided based on SCI design. On the other hand, time/frequency resources for PSCCH can be derived at UE implicitly in reference to PSSCH resources. For groupcast and unicast transmissions, time/frequency resources are needed also for PSFCH, which can be determined by UE autonomously based on semi-static configuration.
Proposal 6: Mode-1 DCI includes time & frequency resource allocation fields, and a time gap field when blind repetitions are enabled.
Proposal 7: No explicit DCI field is necessary to indicate PSCCH or PSFCH resources. 

Enable/disable PSSCH blind repetitions
In LTE V2X, Mode-3 PSSCH transmissions are always configured with two blind repetitions. Since NR V2X supports a diverse range of different services, a 1-bit field can be introduced in DCI scheduling PSSCH to dynamically enable/disable blind repetitions depending on the service requirements. 
Proposal 8: DCI scheduling PSSCH includes a 1-bit field to enable/disable PSSCH repetitions. 



MCS field
Since SL-CSI reporting to gNB is not included in Rel-16 WI scope [2], UE may need to select its MCS autonomously in sidelink. Although network may use higher-layer configuration to provide UE with a set of MCS values semi-statically, an explicit MCS field is not needed in Rel-16 Mode-1 DCI..
Proposal 9: No MCS indication in DCI. Instead, UE selects its MCS value autonomously in Mode-1. 

HARQ enable/disable
It has been agreed that SL-HARQ feedback in groupcast/unicast can be enabled or disabled. A DCI field is needed to inform the transmitter UE whether it can request SL-HARQ feedback from receiver(s) in Mode-1. 
Proposal 10: Mode-1 DCI includes a 1-bit field indicating whether HARQ feedback is enabled in sidelink. 

PDCCH-to-PSSCH time offset
A 2-bit field can be used to indicate DCI-to-PSSCH timing at slot-level granularity. When the bit-field is set to ‘00’, the minimum PSSCH preparation time is used by UE depending on the sidelink numerology. As an example, Table I shows what PSSCH timing is used depending on the indicated time offset value in DCI and depending on the minimum possible PDCCH-to-PSSCH timing according to numerology, as discussed in section 2.2.
Proposal 11: Mode-1 DCI includes a 2-bit PDCCH-to-PSSCH time offset field. 

Table I. PSSCH timing offset based on DCI field (‘N’= minimum PDCCH-to-PSSCH time).
	
	DCI bit-field value
‘00’
	DCI bit-field value
‘01’
	DCI bit-field value
‘10’
	DCI bit-field value
‘11’

	PDCCH-to-PSSCH time offset
	N slots
	N+1 slots
	N+2 slots
	N+3 slots



Type-2 configured grant activation ID
When Mode-1 DCI is used to activate/deactivate configured grants (e.g., by CRC scrambling with configured grant-specific RNTI, as proposed in section 2.1), the DCI should include a field indicating an activation ID. Rel-16 eURLLC has already agreed for a similar approach in uplink and up to 12 configured grants can be activated dynamically [1]. Since it is reasonable to suggest similar functionality for sidelink configured grants, a 4-bit field can be used in the new DCI for sidelink configured grant activation/deactivation. 
Another ongoing discussion in Rel-16 eURLLC is whether to support joint activation of multiple uplink configured grants by a single DCI while joint deactivation has already been agreed. Similar joint activation/deactivation functionality can also be adopted for sidelink configured grants by using higher-layer parameters. For joint activation/deactivation, the value of the activation ID field in DCI can be mapped to a higher-layer configuration that points to multiple sidelink configured grants. See section 2.4 for details.
Proposal 12: Mode-1 DCI includes a 4-bit configured grant activation-ID field (present only for configured grant activation/deactivation).

Type-2 configured grant activation/release indication
When Mode-1 DCI is used to activate/deactivate configured grants, either a separate field can be introduced or an existing field (e.g., time/frequency RA field) can be used to signal whether a SL Type-2 configured grant is activated or released. An explicit field is used for mode-1 SL-SPS activation/release in LTE DCI-5A whereas existing fields (frequency-domain RA and MCS fields) are used for Rel-15 NR DL SPS/UL Type-2 CG activation/release. 
Mode-1 DCI may not have an MCS field, and the frequency-domain allocation field may not reserve any special values. Therefore, it is preferable to introduce a 1-bit field for activation/release indication.
Proposal 13: Mode-1 DCI includes a 1-bit activation/release indication field (present only for configured grant activation/deactivation)

Multiple active SL configured grants
RAN2 has agreed that multiple simultaneously active configured grants are supported in sidelink. Here, we discuss our views on the maximum number of SL configured grants, and single-DCI joint activation/release of Type-2 SL 
A maximum of 8 sidelink-SPS configurations are supported in LTE V2X while RAN1 eURLLC has recently agreed that up to 12 configured grants are supported in NR uplink [1]. Since eURLLC and V2X share similar motivations for multiple configurations (i.e., multi-service support and low-latency requirements), in our view it is preferable to support the same number of maximum configured grants in both uplink and sidelink. 
We propose the following:
Proposal 14: The maximum number of sidelink-CG configurations is 12.

In RAN1#9bis and RAN1#97, the following agreements were made respectively on joint activation/release [3] [1]:
	Agreements:
· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more configured grant Type 2 configurations
· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more configured grant Type 2 configurations 

	Agreements:
· Support joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell if the bit-length for indication which configurations released is no more than 4 bits and DCI size is not impacted by adopting joint release. 
· FFS details



Similar to uplink, at least the joint release of multiple configured grants should also be supported in sidelink. 
Instead of activating/releasing each SL configured grant by a different DCI, it is beneficial to activate/release a set of configured grants simultaneously by single DCI. Using same DCI for multiple activation or multiple release can improve spectral efficiency by faster allocation & release of sidelink resources. It can also help minimize signaling overhead. 
Observation 5: Single DCI activation/release of multiple sidelink Type-2 configured grants can offer lower signaling overhead and faster allocation & release of sidelink resources.
We propose the following.
Proposal 15: Joint activation/release of multiple sidelink Type-2 configured grants is supported by a single DCI.

Sidelink resource request from gNB
For SR-based sidelink resource request procedure, it has been pointed out that Mode-3 resource assignment in LTE V2X may be subject to additional latency cost due to lack of sidelink-specific SR resources/configuration. After eNB detects an SR, UE is configured with PUSCH resources. After UE reports SL-BSR on PUSCH resource, eNB can dynamically allocate sidelink resources by DCI format-5A. Figure 2 illustrates such procedure for an initial transmission in sidelink.
[image: ]
Figure 2: An example signaling procedure for SR-based dynamic resource allocation for sidelink.

However, as stated in RAN2#105bis agreement, uplink logical channels and sidelink logical channels can be associated with different SR configuration IDs based on gNB implementation. That way, UE can request sidelink resources without such additional latency cost and with no specification impact. Hence, in our view, no more RAN1 work is needed on SR/BSR.
We propose the following on SR/BSR:
Proposal 16: No further RAN1 work is needed on SR/BSR.

Regarding SL-HARQ re-transmission resource request, RAN1 has agreed that SL-HARQ feedback reporting to gNB is supported in Rel-16. Rel-15 HARQ signaling mechanism should be reused for SL-HARQ feedback reporting on PUCCH to minimize specification impact. 
We propose the following on SL-HARQ feedback reporting:
Proposal 17: Rel-15 NR HARQ feedback mechanism is reused for SL-HARQ feedback on uplink.

Shared licensed carrier between SL and Uu
Sidelink resources be configured on a separate band (e.g., 5.9 GHz ITS) or on the same licensed band shared with NR-Uu. Configuring shared resources between NR downlink and sidelink would significantly increase interference management complexity at UE receiver since it would be too challenging to detect and successfully decode in downlink and sidelink simultaneously. 
Observation 6: Shared resources between NR downlink and sidelink would cause severe interference and detection issues at UE.
If only NR uplink resources are shared with sidelink, interference management at gNB can be handled more easily since both UL and SL resource allocation decisions are made by gNB itself when in-coverage UEs operate in Mode-1. Hence, only uplink resources should be used in sidelink when same carrier is shared between NR Uu and NR SL. Due to similar UE interference management issues, flexible (X) symbols in TDD mode should not be shared with sidelink. 
In TDD, only uplink symbols indicated by cell-specific SIB configuration should be allowed in V2X shares spectrum. In NR, gNB can reconfigure SFI by DCI or RRC signaling; however, some V2X UE cannot retrieve such reconfiguration signalling. Therefore, different V2X-UEs in the vicinity of each other could leak severe interference through sidelink toward other UEs that are receiving downlink transmission. 
We have the following proposal.
Proposal 18: Only uplink resources can be shared with sidelink. In TDD, only uplink symbols indicated in cell-specific SIB message are allowed in NR V2X shared spectrum.
UE assistance information
An LTE V2X UE can be configured to report information to assist network scheduling via UEAssistanceInformation and SidelinkUEinformation higher layer messages. LTE V2X also supports event-triggered measurement reporting of CBR and sensing information on sidelink resource pools. 
Traffic pattern information content in LTE V2X can include:
· Traffic periodicity, timing offset, SL priority information (i.e., PPPP), logical channel identity, message size, traffic destination ID, and reliability information (i.e., PPPR). 
Since NR V2X also supports semi-static grants for periodic sidelink traffic, similar UE assistance information should be reported based on available traffic at UE. No new information seems necessary for assistance information reporting related to semi-static/periodic traffic patterns in NR V2X. It should similarly be up to UE to set the message content. 
Observation 7: No additional traffic pattern information is necessary in NR V2X assistance reports beyond LTE V2X.

In addition, LTE V2X UEs can also be configured with CBR measurement reporting for network congestion control. When the measured CBR is above or below a pre-configured threshold on a resource pool, a report can be triggered based on Event-V1 or Event-V2. Since NR V2X has more frequent use of aperiodic traffic and supports unicast/groupcast transmissions, enhancements to LTE V2X CBR reporting framework can be useful for congestion control in NR V2X. 
Observation 8: Similar to LTE V2X, CBR and sensing measurement reporting can be supported in NR V2X.

In addition, measurement reporting of location information is also available in LTE. Network can configure resource pools based on LTE-V2X UE’s geographical location and zone ID. Utilizing geographical information for resource allocation can improve spectral reuse and reduce near-far effect in sidelink. Similar type of location reporting should be supported in NR V2X. 
We have the following proposal:

Proposal 19: NR V2X assistance reports include similar traffic pattern information, UE geographical location, and sensing and congestion metrics, as in LTE V2X. No additional information reporting is needed in Rel-16. 

NR-SL controlled by LTE-Uu
SFI configuration in shared carrier
As discussed in section 2.6, only UL resources should be allowed in NR sidelink when a shared carrier is used. In case of TDD, uplink resources should be determined according to cell-specific SFI. When LTE-Uu controls NR sidelink, same SFI information need to be broadcasted by eNB in the SIB message that configures NR sidelink. The details of the SIB message are up to RAN2. We propose the following:
Proposal 20: LTE SIB message for NR V2X should broadcast SFI information. Details are up to RAN2.

Sidelink Type-2 configured grants 
During SI phase [4], the following agreements were made on LTE Uu controlling NR sidelink.
	It is supported that LTE Uu provides at least necessary semi-static configuration for NR mode-2 SL communications
FFS details



	· 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



LTE Uu controlling NR mode-1 supports only semi-static Type-1 configured grant based on higher-layer signaling only. In our view, it is important to support multiple semi-static configurations to optimize for all NR V2X traffic patterns with different latency and reliability requirements in sidelink.
Proposal 21: Support multiple Type-1 configured grants in NR Mode-1 sidelink when controlled by LTE-Uu. 
SL-HARQ in groupcast/unicast
According to previous SI agreements [4], no additional function/procedure will be introduced to LTE Uu to control NR sidelink mode-1. Since NR sidelink can have unicast/groupcast transmissions in addition to broadcast, HARQ feedback should be supported in NR mode-1 through PSFCH channel only between UEs. Such support does not require any additional function or any PHY involvement in LTE Uu. It may be useful to introduce a higher-layer HARQ feedback flag parameter to enable/disable HARQ feedback in sidelink. It should be up to RAN2 to define such higher layer configuration. 
Observation 9: Only PSFCH-based HARQ A/N feedback between UEs can be allowed in NR sidelink when it is controlled by LTE Uu.
We propose the following:
Proposal 22: Define a higher-layer LTE parameter to enable/disable SL-HARQ feedback on PSFCH when NR sidelink is controlled by LTE Uu. Details are up to RAN2.

Conclusions
We have the following observations:

Observation 1: Using the same DCI format with equal payload size for both dynamic grants and Type-1 configured grant activation/deactivation can help minimize UE blind detection complexity.
Observation 2: Different UL-DL slot configurations on a TDD carrier requires flexible PSSCH timing offset in sidelink.
Observation 3: The PDCCH-to-PSSCH time offset needs to be more relaxed than Rel-15 PUSCH time requirement due to additional delay incurred by information exchange between Uu and sidelink modules.
Observation 4: Higher-layer destination ID configuration and SL-BSR report content can help UE derive transmission type implicitly based on the L1 destination ID field in the DCI scheduling PSSCH.
Observation 5: Single DCI activation/release of multiple sidelink Type-2 configured grants can offer lower signaling overhead and faster allocation & release of sidelink resources.
Observation 6: Shared resources between NR downlink and sidelink would cause severe interference and detection issues at UE.
Observation 7: No additional traffic pattern information is necessary in NR V2X assistance reports beyond LTE V2X.
Observation 8: Similar to LTE V2X, CBR and sensing measurement reporting can be supported in NR V2X.
Observation 9: Only PSFCH-based HARQ A/N feedback between UEs can be allowed in NR sidelink when it is controlled by LTE Uu.
We have the following proposals:

Proposal 1: Same DCI format is used to either schedule SL dynamic grant or activate/release SL Type-2 configured grants. 
· DCI is CRC scrambled by different RNTIs to help UE distinguish between a dynamic grant and a configured grant activation/release.
· Use zeros padding to align payload size to an existing DCI format (e.g., format 0_0/1_0).
Proposal 2: Use flexible timing indication with minimum DCI-to-PSSCH timing defined based on slot-level values for each sidelink numerology.
· Minimum PDCCH-to-PSSCH timing offset is more relaxed than Rel-15 PDCCH-to-PUSCH timing.
· FFS whether minimum PSSCH time offset also depends on downlink numerology.
Proposal 3: Mode-1 DCI includes a 3-bit carrier indicator field.
Proposal 4: Mode-1 DCI includes a L1 destination ID field. 
Proposal 5: No DCI field is needed for transmission/cast type. Transmission type is derived by UE implicitly based on L1 destination ID.
Proposal 6: Mode-1 DCI includes time & frequency resource allocation fields, and a time gap field when blind repetitions are enabled.
Proposal 7: No explicit DCI field is necessary to indicate PSCCH or PSFCH resources. 
Proposal 8: DCI scheduling PSSCH includes a 1-bit field to enable/disable PSSCH repetitions. 
Proposal 9: No MCS indication in DCI. Instead, UE selects its MCS value autonomously in Mode-1. 
Proposal 10: Mode-1 DCI includes a 1-bit field indicating whether HARQ feedback is enabled in sidelink. 
Proposal 11: Mode-1 DCI includes a 2-bit PDCCH-to-PSSCH time offset field. 
Proposal 12: Mode-1 DCI includes a 4-bit configured grant activation-ID field (present only for configured grant activation/deactivation).
Proposal 13: Mode-1 DCI includes a 1-bit activation/release indication field (present only for configured grant activation/deactivation)
Proposal 14: The maximum number of sidelink-CG configurations is 12.
Proposal 15: Joint activation/release of multiple sidelink Type-2 configured grants is supported by a single DCI.
Proposal 16: No further RAN1 work is needed on SR/BSR.
Proposal 17: Rel-15 NR HARQ feedback mechanism is reused for SL-HARQ feedback on uplink.
Proposal 18: Only uplink resources can be shared with sidelink. In TDD, only uplink symbols indicated in cell-specific SIB message are allowed in NR V2X shared spectrum.
Proposal 19: NR V2X assistance reports include similar traffic pattern information, UE geographical location, and sensing and congestion metrics, as in LTE V2X. No additional information reporting is needed in Rel-16. 
Proposal 20: LTE SIB message for NR V2X should broadcast SFI information. Details are up to RAN2.
Proposal 21: Support multiple Type-1 configured grants in NR Mode-1 sidelink when controlled by LTE-Uu. 
[bookmark: _GoBack]Proposal 22: Define a higher-layer LTE parameter to enable/disable SL-HARQ feedback on PSFCH when NR sidelink is controlled by LTE Uu. Details are up to RAN2.
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