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In RAN 1 #98 meeting, further agreements are achieved on mode 1 resource configuration as following [1]:
Agreements:
· For Mode-1, support both same-carrier & cross-carrier scheduling from gNB to NR SL
· Whether or not to have the cross-carrier scheduling indicator in the DCI given that there is only one SL carrier for a UE in Rel-16
Agreements:
· At least for dynamic grant, the timing and resource for PUCCH used for conveying SL HARQ feedback to the gNB are based on the indication(s) in the corresponding PDCCH
· Details FFS
Agreements:
· DCI indicates the slot offset between DCI reception and the first sidelink transmission scheduled by DCI.
· The minimum gap between DCI and the first scheduled sidelink transmission is not smaller than the corresponding UE processing time.
· Details FFS
Other relevant agreements in #96bis and #97 meeting including [2][3]: 
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.
Agreements:
· Sidelink HARQ ACK/NACK report from transmitter UE to gNB is supported with details FFS.
· NR sidelink does not support performing different transmissions of a TB using different configured grants.
· For mode 1:
· A dynamic grant by the gNB provides resources for transmission of PSCCH and PSSCH.
In this contribution, further details about mode 1 scheduling scheme, including dynamic indication and configured grant signaling are discussed.
Mode 1 scheduling scheme
Cross Carrier scheduling
Although it has been defined in the WID[5]that “For the scenarios of NR sidelink carrier, this work will consider a single carrier for the NR sidelink transmission and reception”. but as we know, V2X UEs can work on various scenarios, an InC(in coverage) UE may communicate on a licensed carrier while a OoC(out of coverage) UE may work on a ITS carrier, this means if the InC UE want to communicate with OoC UE, the InC UE can also work on an ITS carrier, so the gNB should indicate which carrier the InC UE will work on at least. Besides, in a future release, the carrier indication is also needed once a UE can support NR sidelink transmission and reception on multi-carriers.
[bookmark: _Toc8744][bookmark: _Toc2043][bookmark: _Toc22716][bookmark: _Toc2168][bookmark: _Toc26350][bookmark: _Toc15231][bookmark: _Toc26657][bookmark: _Toc4071][bookmark: _Toc32489][bookmark: _Toc31665][bookmark: _Toc27292][bookmark: _Toc17843][bookmark: _Toc16631]The cross-carrier scheduling indicator is needed in the DCI considering forward compatibility.
[bookmark: _Ref4881]Timing indication
As shown in Figure 1, “n” is the time when UE receive a sidelink DCI on downlink, and K2' is the physical slot offset after n where UE transmit SCI and data on sidelink, “a” is PSSCH-to-HARQ feedback physical time offset which is equal or larger than a predefined value, K' denotes the physical slot offset between slot n and the time for conveying SL HARQ feedback to the gNB.


[bookmark: _Ref534877070][bookmark: _Ref28554]Figure 1 Time delay in mode-1 scheduling
· K2’
In NR DCI 0_0/1, there is a field “Time domain resource assignment” indicating the slot offset K2 between DCI and PUSCH, the slot offset is larger than the PUSCH preparing time. Assuming that the sidelink transmission preparing time is similar with the PUSCH preparing time, then the definition of K2 can be reused for K2'. The candidate values of K2 are provided by a default table or by high layer parameter PUSCH-TimeDomainResourceAllocationList[6][7]:
PUSCH-TimeDomainResourceAllocationList ::= 	SEQUENCE (SIZE(1..maxNrofUL-Allocations)) OF PUSCH-TimeDomainResourceAllocation

PUSCH-TimeDomainResourceAllocation ::= 	SEQUENCE {
	k2										INTEGER(0..32)			OPTIONAL,	-- Need S
	mappingType								ENUMERATED {typeA, typeB},
	startSymbolAndLength					INTEGER (0..127)
}

Then 0, 1, 2, 3, or 4 bits as defined to indicate the PUSCH time domain resource, The bit width for this field is determined as bits, where I is the number of entries in the higher layer parameter pusch-TimeDomainAllocationList if the higher layer parameter is configured; otherwise I is the number of entries in the default table.  
As described above, the method used to indicate the sidelink slot offset K2 depends on the UE specific RRC configuration. Since DCI 0_1 is more flexible and can indicate a larger value range, DCI 0_1 like indication scheme is preferred to indicate slot offset K2'. Then DCI can provide an index to a table which contains several candidate values configured by high layer.
[bookmark: _Toc25942][bookmark: _Toc23436][bookmark: _Toc16552][bookmark: _Toc21353][bookmark: _Toc25281][bookmark: _Toc28471][bookmark: _Toc28977][bookmark: _Toc11289][bookmark: _Toc21689][bookmark: _Toc20784][bookmark: _Toc2225][bookmark: _Toc5647][bookmark: _Toc11124]DCI providing an index to a table containing several candidate values is used to indicate slot offsets K2' between DCI reception and the first sidelink transmission scheduled by DCI. 
· K’
In NR DCI 1_0, a field “PDSCH-to-HARQ_feedback timing indicator” is used to indicate the slot offset between PDSCH and HARQ feedback on uplink, the value of PDSCH-to-HARQ can be {1, 2, 3, 4, 5, 6, 7, 8}; While in DCI 1_1, PDSCH-to-HARQ time offset is provided by a high layer parameter “dl-DataToUL-ACK ”[6]
dl-DataToUL-ACK							SEQUENCE (SIZE (1..8)) OF INTEGER (0..15)
So that the value range of PDSCH-to-HARQ timing offset can be from 0 to 15. While in mode1 sidelink communication, the Tx UE need an additional time offset to wait for the HARQ feedback from Rx UE on sidelink comparing with PDSCH-to-HARQ_feedback procedure, so the time delay K' may be larger than PDSCH-to-HARQ timing offset. The value range of K' is subject to the TDD-DL-UL configuration and sidelink resource pool configuration.
[bookmark: _Toc25270]The value range of time delay K’ may be larger than that of PDSCH-to-HARQ timing offset
If the gNB indicate the K' value, the value range is undefined and then it is difficult to reserve the PUCCH resource, Besides, a larger value than K may need more bits to indicate. So it is advise to indicate the index of several values configured by high layer as DCI 1_1 like PDSCH-to-HARQ slot offset indication.
[bookmark: _Toc13763][bookmark: _Toc12437][bookmark: _Toc29530][bookmark: _Toc20287][bookmark: _Toc28709][bookmark: _Toc5580][bookmark: _Toc30029][bookmark: _Toc26578][bookmark: _Toc20916][bookmark: _Toc15283][bookmark: _Toc2716][bookmark: _Toc15782][bookmark: _Toc15310]DCI providing an index to a table containing several candidate values is used to indicate the timing K' of PUCCH used for conveying SL HARQ feedback.
[bookmark: _Ref5107]Configured grant scheduling
To assign SPS sidelink resources, configured grant type 1 and type 2 can be used for sidelink mode 1 scheduling[4].For configured grant type 2, UE need to distinguish the DCI from others, so a new SL-CS-RNTI is need.
[bookmark: _Toc25504][bookmark: _Toc14592][bookmark: _Toc21204][bookmark: _Toc20201][bookmark: _Toc29639][bookmark: _Toc29649][bookmark: _Toc11093][bookmark: _Toc30796][bookmark: _Toc18121][bookmark: _Toc4989][bookmark: _Toc20568][bookmark: _Toc7355]SL-CS-RNTI should be assigned for Tx UE in mode 1 for configured grant type 2 DCI identification.
As the TB repetition configuration is supported in NR Uu configured grant signaling, it can be reused for sidelink scheduling to assign retransmission resources for TB. In NR configured grant, K repetition configured in high layer is in consecutive slots applying the same symbol allocation in each slot, while it is not that case for V2X because the available slots in sidelink resource pool may be in-consecutive physical slots and most of the repetition will be discarded because of the unavailable resource. So it is preferred that the slots within the resource pool are used to reserve resources for K repetition for V2X.
As shown in Figure 2, where the configured grant indicated to UE assigns retransmission number K = 4, this means that there are initial transmission resource and other three retransmissions in every period. For the case of blind retransmissions, it provides more efficient resources allocation without introducing additional latency and retransmission resource requiring process. 



[bookmark: _Ref28981]Figure 2 Sidelink TB (re)transmission resources configuration in configured grant with K=4
[bookmark: _Toc32018][bookmark: _Toc1441][bookmark: _Toc13108][bookmark: _Toc17585][bookmark: _Toc9252][bookmark: _Toc15878][bookmark: _Toc1424][bookmark: _Toc30189][bookmark: _Toc13050][bookmark: _Toc2602][bookmark: _Toc16141][bookmark: _Toc22981][bookmark: _Toc28947][bookmark: _Toc17468][bookmark: _Toc28018][bookmark: _Toc32691]TB (re)transmission resources in K logical slots (the slots within the resource pool ) can be configured in the configured grant signaling.
As has been agreed in RAN1#97 meeting, implicit mechanism is used to determine the PSFCH resource in response to a single PSSCH, then each (re)transmission of the TB can correspond to its own PSFCH, and if the Tx UE gets an ACK information before its last retransmission, it can early terminate the retransmission. This is beneficial for mitigating the interference between sidelink UEs.
[bookmark: _Toc6273][bookmark: _Toc26107][bookmark: _Toc6822][bookmark: _Toc10941][bookmark: _Toc21121] For the K (re)transmissions assigned by the configured grant, early termination is supported via HARQ-ACK feedback.
Considering the case that no retransmission resource is assigned by configured grant or the number of retransmission resources is not sufficient, UE can feedback to require additional resource for retransmission besides the resources assigned by configured grant. For this purpose PUCCH resources for the feedback of sidelink data transmission are needed. Considering the PUCCH resource is indicated in DCI on Uu, for the timing indication, a field “PDSCH-to-HARQ_feedback timing indicator” is used, and for the resource indication, another field “PUCCH resource indicator” is used combined with RRC PUCCH configuration. The similar indication and configuration scheme should be used for sidelink feedback on PUCCH. As activate DCI indicates the resource allocation in configured grant type 2, relevant PUCCH resource can be assigned as well. What is different is that “PDSCH-to-HARQ_feedback timing indicator” should change to “DCI-to-Uu HARQ feedback timing indicator”..
[bookmark: _Toc5287][bookmark: _Toc9244][bookmark: _Toc15066][bookmark: _Toc12029][bookmark: _Toc20822][bookmark: _Toc21184][bookmark: _Toc26397][bookmark: _Toc23802][bookmark: _Toc12876][bookmark: _Toc27134][bookmark: _Toc6860][bookmark: _Toc41][bookmark: _Toc455][bookmark: _Toc13688][bookmark: _Toc10667]For configured grant type 2, the mechanism of NR DL SPS is reused to indicate PUCCH timing/resources for UE to feedback sidelink A/N to gNB. Two information is needed in the DCI:
· [bookmark: _Toc5066][bookmark: _Toc29943][bookmark: _Toc26581][bookmark: _Toc12462][bookmark: _Toc4667][bookmark: _Toc16531][bookmark: _Toc3374][bookmark: _Toc28785][bookmark: _Toc27577][bookmark: _Toc31083]DCI-to-Uu HARQ feedback timing offset
· [bookmark: _Toc896][bookmark: _Toc29838][bookmark: _Toc11744][bookmark: _Toc7258][bookmark: _Toc11841][bookmark: _Toc14648][bookmark: _Toc17636][bookmark: _Toc31604][bookmark: _Toc25957][bookmark: _Toc27049]PUCCH resource in a slot
Responding to UE's request, gNB can dynamically schedule one or more retransmission resources and indicate it to UE by DCI. In other words, to assist the data packet transmission which is initially transmitted on an occasion of a set of resources indicated by a configured grant, additional dynamic retransmission resource scheduled by DCI can be used.
[bookmark: _Toc8254][bookmark: _Toc1638][bookmark: _Toc9137][bookmark: _Toc24921][bookmark: _Toc12817][bookmark: _Toc17129][bookmark: _Toc26134][bookmark: _Toc23209][bookmark: _Toc30500][bookmark: _Toc2806][bookmark: _Toc8441][bookmark: _Toc22736][bookmark: _Toc20901][bookmark: _Toc30935][bookmark: _Toc12964][bookmark: _Toc7375]A UE can feedback NACK to gNB to request dynamic retransmission resource for a TB besides K transmission(s) assigned by configured grant type 2.
It has agreed in RAN2 105bis that “Multiple activated configured grants for a UE are supported”, in order to reduce the signal overhead, some companies argue to support one DCI joint activates/releases multiple configured grants, the same issue was also discussed in URLLC during RAN1#98[1] and it has achieved that:
	Agreements:
· M<=4 bits indication in the Release DCI is used for indicating which CG configuration(s) is/are released, where the association between each state indicated by the indication and the CG configuration(s) is
· Up to 2^M states are higher layer configurable, where each of the state can be mapped to a single or multiple CG configurations to be released
· In case of no higher layer configured state(s), separate release is used where the release corresponds to the CG configuration index indicated by the indication
Conclusion:
No support of joint activation in a DCI for two or more configured grant Type 2 configurations in Rel-16


Joint activation is not agreed, that is because joint activation is only applied for multiple configured grants for the same traffic, but multiple configured grants may also be used for different traffic, which is the same case as V2X multiple activated configured grants requirement. Considering that the activation/release is not an infrequent event, and joint activation and joint release may impact the DCI size, so joint activation and joint release is not supported in R16 V2X.
[bookmark: _Toc17004][bookmark: _Toc3855][bookmark: _Toc26574][bookmark: _Toc7551][bookmark: _Toc18886][bookmark: _Toc31650][bookmark: _Toc17411][bookmark: _Toc16726][bookmark: _Toc13173][bookmark: _Toc14080][bookmark: _Toc1647][bookmark: _Toc7334][bookmark: _Toc17160][bookmark: _Toc5090][bookmark: _Toc28652]A single DCI only activates/releases a single configured grant.
Dynamic scheduling
By dynamic scheduling, gNB should send DCI to assign sidelink resources for UEs, including PSCCH, PSSCH and PSFCH (if necessary). Firstly, a new DCI format for sidelink resource allocation should be designed and then a SL-RNTI should be assigned for Tx UE in order to identify the sidelink resource allocation DCI.  
Depending on Tx UE's service requirement, gNB may indicate sidelink resources for UE to carry on its broadcast/ unicast/ groupcast data packet. For the sake of simplifying the sidelink DCI detection process, it is better to design a uniform DCI format for all the cases. In other words, all the necessary indicators for sidelink resource allocation should be included in the new DCI format for sidelink.
[bookmark: _Ref3255][bookmark: _Toc6871][bookmark: _Toc17492][bookmark: _Toc4790][bookmark: _Toc7773][bookmark: _Toc6977][bookmark: _Toc18009][bookmark: _Toc20100][bookmark: _Toc29581][bookmark: _Toc3535][bookmark: _Toc22066][bookmark: _Toc8533][bookmark: _Toc21305][bookmark: _Toc6570][bookmark: _Toc18636][bookmark: _Toc26054][bookmark: _Toc2137]SL-RNTI should be assigned for Tx UE in mode 1.
[bookmark: _Ref3262][bookmark: _Toc15383][bookmark: _Toc9822][bookmark: _Toc15350][bookmark: _Toc17811][bookmark: _Toc2784][bookmark: _Toc5626][bookmark: _Toc10589][bookmark: _Toc6957][bookmark: _Toc4222][bookmark: _Toc20526][bookmark: _Toc25570][bookmark: _Toc16067][bookmark: _Toc22462][bookmark: _Toc2118][bookmark: _Toc30393][bookmark: _Toc17272][bookmark: _Ref4624][bookmark: _Ref3268]A uniform DCI format should be defined to indicate sidelink resource allocation for broadcast, groupcast or unicast.  
It was agreed[1]that the timing and resource of PUCCH used for conveying SL HARQ feedback to the gNB are based on the indication(s) in the corresponding PDCCH, as analyzed in section 2.2 and 2.3, the similar indication and configuration scheme should be used for sidelink feedback on PUCCH. The sidelink dynamic DCI indicates the PUCCH timing and resource can be assigned with two field “DCI-to-Uu HARQ feedback timing indicator” and “PUCCH resource indicator”.
[bookmark: _Toc19016][bookmark: _Toc31671][bookmark: _Toc25315][bookmark: _Toc12344][bookmark: _Toc12493][bookmark: _Toc7014][bookmark: _Toc22400][bookmark: _Toc21618][bookmark: _Toc32530][bookmark: _Toc6099][bookmark: _Toc32133][bookmark: _Toc21964][bookmark: _Toc14257]For dynamic grant, the mechanism of NR DL dynamic grant is reused to indicate PUCCH timing/resources for UE to feedback sidelink A/N to gNB. Two information is needed in the DCI:
· [bookmark: _Toc14991][bookmark: _Toc14347][bookmark: _Toc25200][bookmark: _Toc13135][bookmark: _Toc23349][bookmark: _Toc4838][bookmark: _Toc17927][bookmark: _Toc5973][bookmark: _Toc28121][bookmark: _Toc4299]DCI-to-Uu HARQ feedback timing offset
· [bookmark: _Toc29837][bookmark: _Toc27838][bookmark: _Toc23232][bookmark: _Toc26376][bookmark: _Toc10169][bookmark: _Toc7495][bookmark: _Toc3718][bookmark: _Toc26797][bookmark: _Toc20327][bookmark: _Toc28220]PUCCH resource in a slot
In NR sidelink, multiple resource pools can be configured within SL BWP. Multiple resource pools may be configured for different purposes, such as several service types, diverse sub-channel sizes, etc. It may lead to more than one resource pools used by a UE simultaneously. For this case, an indicator should be included in the sidelink DCI format to identify which resource pool the assigned resource belongs to. 
[bookmark: _Toc16732][bookmark: _Toc2935][bookmark: _Toc30833][bookmark: _Toc25078][bookmark: _Toc10036][bookmark: _Toc1430][bookmark: _Toc19479][bookmark: _Toc21486][bookmark: _Toc5944][bookmark: _Toc9686][bookmark: _Ref4725][bookmark: _Toc16172][bookmark: _Toc27164][bookmark: _Toc30305][bookmark: _Toc30737][bookmark: _Toc28882][bookmark: _Toc15758]If multiple resource pools are available for a UE, a resource pool indicator should be indicated in DCI.
LTE Uu scheduling NR sidelink 
As described in [4], LTE Uu based NR sidelink resource scheduling is supported and prior consensus achieved includes the following aspects: 
· Configured grant type 1 scheme should be used to assign time/frequency resources and periodicity
· Dynamic scheduling by DCI is not supported 
· No additional impact on LTE Uu 
[bookmark: _GoBack]From the perspective of eNB, only 15kHz SCS is logical to arrange wireless resources. Although several SCSs are available for NR sidelink, significant implementation changes are needed on the eNB to assign NR sidelink resources with different numerologies except 15kHz.  
[bookmark: _Ref4735][bookmark: _Toc21982][bookmark: _Toc25610][bookmark: _Toc9493][bookmark: _Toc3410][bookmark: _Toc26868][bookmark: _Toc21833][bookmark: _Toc26251][bookmark: _Toc16613][bookmark: _Toc31471][bookmark: _Toc30185][bookmark: _Toc28936][bookmark: _Toc8721][bookmark: _Toc10562][bookmark: _Toc3394][bookmark: _Toc32463][bookmark: _Toc5782]For LTE Uu scheduling NR sidelink, only configured grant with 15kHz SCS is supported for NR SL.
[bookmark: _Toc30621][bookmark: _Toc8582][bookmark: _Toc32198]Conclusion
This paper discusses some further details of dynamic and semi-static resource allocation of mode 1 scheme, concluded with the following proposals:
Observation 1: The value range of time delay K’ may be larger than that of PDSCH-to-HARQ timing offset

Proposal 1: The cross-carrier scheduling indicator is needed in the DCI considering forward compatibility.
Proposal 2: DCI providing an index to a table containing several candidate values is used to indicate slot offsets K2' between DCI reception and the first sidelink transmission scheduled by DCI.
Proposal 3: DCI providing an index to a table containing several candidate values is used to indicate the timing K' of PUCCH used for conveying SL HARQ feedback.
Proposal 4: SL-CS-RNTI should be assigned for Tx UE in mode 1 for configured grant type 2 DCI identification.
Proposal 5: TB (re)transmission resources in K logical slots(the slots within the resource pool )can be configured in the configured grant signaling.
Proposal 6: For the K (re)transmissions assigned by the configured grant, early termination is supported via HARQ-ACK feedback.
Proposal 7: For configured grant type 2, the mechanism of NR DL SPS is reused to indicate PUCCH timing/resources for UE to feedback sidelink A/N to gNB. Two information is needed in the DCI:
 DCI-to-Uu HARQ feedback timing offset
 PUCCH resource in a slot
Proposal 8: A UE can feedback NACK to gNB to request dynamic retransmission resource for a TB besides K transmission(s) assigned by configured grant type 2.
Proposal 9: A single DCI only activates/releases a single configured grant.
Proposal 10: SL-RNTI should be assigned for Tx UE in mode 1.
Proposal 11: A uniform DCI format should be defined to indicate sidelink resource allocation for broadcast, groupcast or unicast.
Proposal 12: For dynamic grant, the mechanism of NR DL dynamic grant is reused to indicate PUCCH timing/resources for UE to feedback sidelink A/N to gNB. Two information is needed in the DCI:
 DCI-to-Uu HARQ feedback timing offset
 PUCCH resource in a slot
Proposal 13: If multiple resource pools are available for a UE, a resource pool indicator should be indicated in DCI.
Proposal 14: For LTE Uu scheduling NR sidelink, only configured grant with 15kHz SCS is supported for NR SL.
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