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Introduction
In RAN1#100-e [1], the agreements have been achieved for NR sidelink mode 1 resource allocation with good progress, but there are still some legacy issues needed to be discussed and for decision. This contribution discusses NR sidelink mode 1 resource allocation mechanism controlled by NR Uu.
Discussion
Timing for Configured Grant Type 1
	Agreements:
· The slots for sidelink transmission for CG type-1 are determined using the UL formula in 38.321 with the following changes: 
· Using slot-level granularity instead of symbol-level granularity (i.e., remove numberOfSymbolsPerSlot, “symbol number in the slot”, S in the formula)
· periodicity is in number of slots
· timeDomainOffset is expressed in number of slots
· FFS: frame indexing (e.g., SFN, or virtual frame number)
· FFS: whether logical or physical slots are used



When indicating the sidelink slots for CG type-1, one remaining issue is to use physical or logical slots. An example is shown below to express this issue. When physical slots are used, the periodicity in logical slot is quite different, and a transfer method should be introduced, which is still uncertainty on the design and complexity. When logical slots are used, the corresponding periodicity gaps in physical slots are also various because of S-SSB/reserved slots.

 Figure 1. Physical slots vs. logical slots for CG type-1

By using logical slots, the potential benefits is to share the same sensing operation if resource pool sharing between mode 1 and mode 2 is adopt in future release. However, using logical slots indication leads to timing shift of the slot boundary associated with SFN boundary because S-SSB and reserved slots occur periodically on the physical slots. The latency requirement may also not be fulfilled when the TDD configuration contains large number of DL/special slots in each period. Additionally, it could introduce extra specification effort for the HARQ process ID determination when logical slot is used.  
By using physical slots for CG1 configuration, it is easy to set of resources reservation interval is in millisecond. The issue for physical slots configuration used in CG1 is that there is potential resource collision between configured SL resources and SL-SSB/Reserved slots. This issue could be resolved by dropping SL transmission in the configured SL resource. 
From the perspective of system in mode 1, the resources are allocated by gNB which is always indicating time domain resources in physical slots, i.e. absolute time/ms. When a sidelink UE is configured with a set of resources in physical slots, it converts it to logical unit and indicate it in SCI. This conversion can be done, because sidelink UE knows the relationship between physical slots and logical slots.
Proposal 1: Physical slots are used for Mode 1 resource allocation and indication of periodicity and timing offset of related operation in CG type-1 sidelink transmission. 

SFN is the main reference for frame indexing determination of NR sidelink resource when gNB has timing information from GNSS. The SFN# is the timing information from gNB side, and DFN# is the timing information derived at UE side when UE is synchronized to GNSS. UE can have both timing information, while gNB may not have GNSS timing if it is not connected to GNSS. In LTE V2X, there is no necessary for eNB to know the exact DFN# on sidelink, because it is not require UE to report SL HARQ on PUCCH. In NR V2X, the PUCCH resources are allocated to UE by gNB, and the timing relationship is established on PSFCH and PUCCH. Lacking of timing offset between SFN and DFN in gNB can lead to inaccurate indication of sidelink resource in time domain, i.e. PUCCH slots. In order to make timing alignment, SL and DL are assumed to be synchronized. One possible way is that gNB can have the timing information from GNSS.
Proposal 2: gNB needs to synchronize with GNSS for CG Type 1 resource allocation.

SL HARQ procedure over Uu
	Agreements:
· In the determination of the UL slot used for SL HARQ-ACK reporting to the gNB: 
· k=0 corresponds to a last slot for a PUCCH transmission that would overlap with the last PSFCH reception occasion assuming that the starting time of the frame for sidelink transmission is given by the starting time of the frame for the downlink reception. 
· FFS: corrections to cover the asynchronous case


When UE is synchronized to gNB, the sidelink reference timing is known by gNB. gNB can accordingly configure or indicate the PUCCH resource considering the offset between last slot of PSFCH reception and slot of PUCCH transmission (i.e. sl-ACKToUL-ACK or PSFCH-to-HARQ feedback timing indicator). When UE is synchronized to GNSS and gNB might not have the GNSS timing information, gNB does not know the exact sidelink timing (i.e. offsetDFN). The SL HARQ-ACK operation   will be problematic due to the timing misalignment between Uu and sidelink, which is shown in Figure 2.
· In sync. case, there is no issue when UE reports SL HARQ-ACK to gNB through PUCCH.
· In async. case 1, the offset between Uu and sidelink is less than one slot. UE will apply the PUCCH slot after the supposed one. If the slot boundary is aligned between Uu and sidelink, UE can apply the supposed PUCCH slot for reporting.
· In async. case 2 and case 3, the offset between Uu and sidelink is larger than one slot. The PSFCH reception can be is overlapped with the supposed PUCCH transmission. Even the slot boundary is aligned between Uu and sidelink, the overlap cannot be avoided. If UE receives PSFCH and transmits PUCCH within one slot, it requires UE to have extremely short processing time and TX-RX switching time.
· Furthermore, even larger offset may cause that PSFCH reception is after PUCCH slot. In this situation, gNB has DTX on the PUCCH slot, since UE has not received all of the PSFCH.
To solve the issue in async case 1, a restriction is needed that the offset between Uu and sidelink should be no larger than one slot. However, this restriction is not realistic in deployment. Another method is by assuming the slot/frame boundaries are aligned between Uu and sidelink.
For the issue in async case 2 and 3, gNB should know the exact timing offset between Uu and sidelink. Even the boundaries between Uu and sidelink are assumed to be aligned, gNB still do not know the exact slots for sidelink transmission and PSFCH reception.
For SL HARQ-ACK reporting on PUCCH, gNB should know the timing offset between Uu and sidelink transmission. If the timing offset is unknown by gNB, the bitmapping of the resource indication cannot be aligned with gNB’s interpretation of sidelink resources. It is impossible for gNB to schedule the sidelink resources without knowing timing offset between Uu and sidelink. 
There are several ways for gNB having this information as follows, 
1) gNB is connected to GNSS with its timing information; 
2) Asynchronized UE reports its timing offset to gNB; 
3) gNB configures the timing offset to UE.
Observation 1: When the slot offset between sidelink and Uu is not known by gNB, the slot ambiguous issue can lead to different SL HARQ-ACK reporting time on different PUCCH slots.
Proposal 3: gNB should have the timing offset information between Uu and sidelink transmission, i.e. offsetDFN.

Figure 2. Asynchronization issue between Uu and sidelink for SL HARQ-ACK report

DG scheduling multiple SL re-transmission
When SL UE report NACK on PUCCH to gNB and the maximum number of re-transmission is not reached yet, gNB will use dynamic grant to schedule sidelink resource(s) for re-transmission. One DG can schedule one re-transmission or more than one re-transmission on sidelink. Each re-transmission on sidelink with HARQ-ACK reporting on PUCCH back to gNB would consume double the UL control resource..
· Case 1: One DG schedules one SL re-transmission. After the re-transmission scheduled by DG, Tx UE reports SL HARQ-ACK to gNB based on the received PSFCH. This case requires more signaling interaction on Uu link and delay on sidelink transmission, but the reliability is high.
· Case 2: One DG schedules multiple SL re-transmissions.
· 2-1: Only one SL HARQ-ACK reporting to gNB after the last scheduled re-transmission on sidelink. If re-transmission is successful and ACK is received by Tx UE on PSFCH, but there are still some re-transmission resources unused. The re-transmission will stop and the rest of the unused resources will be wasted or released to be used by Mode 2 resource allocation, since Tx UE will report the ACK after the last re-transmitted resource.
· 2-2: Each re-transmission on sidelink has SL HARQ-ACK reporting to gNB. Tx UE reports ACK/NACK after each re-transmission on sidelink. Whenever Tx UE receives ACK on PSFCH, it can report ACK to gNB. If there are still some re-transmission resources left, they can be released. The released resources can be allocated for other TB transmission.
Proposal 4: DG can schedule multiple re-transmissions on SL with each re-transmission having PSFCH and SL HARQ-ACK reporting to gNB.

Mode 1 configured grant transmission
For the last transmission of a TB, if the UE received a NACK on PSFCH, and it is reported to gNB, a DG is used to schedule extra resources for re-transmission(s) of this TB. In NR Uu configured grant, the DG re-transmission will allocate DG resources by avoiding overlap with CG resources. When the DG re-transmission(s) occupy CG resources due to short latency limitation, the potential CG transmission on the overlapped resources will be dropped or delayed. In sidelink configured grant, the same mechanism can be applied. DG scheduled sidelink re-transmission(s) is not supposed to use the CG resources for other TBs’ transmission. When DG scheduled re-transmission(s) and CG transmission(s) have collision on sidelink, NR Uu mechanism is reused for resource occupation process.
Proposal 5: DG scheduled sidelink re-transmission(s) is not supposed to use the CG resources for other TBs’ transmission.
Proposal 6: When DG scheduled re-transmission(s) and CG transmission(s) have collision on sidelink, NR Uu mechanism is reused for resource occupation process.

DCI design
2.5.1 DCI size alignment
A new DCI format 3_0 is defined in Rel-16 V2X for gNB control and schedule sidelink UE through Uu. The new DCI has many specific fields for sidelink, which lead to the fact that it has different size with that of existing DCI formats in NR Uu. If the new DCI format 3_0 has its own size and over the DCI size budget, it will increase the UE complexity and capability in the number of blind decoding. In order to reduce the UE complexity of blind decoding, the size of DCI format 3_0 should align with the existing DCI format in NR Uu.
In LTE V2X, DCI format 5A is padded with zero until its size aligned with DCI format 0 which is used for scheduling PUSCH in one UL cell. In NR V2X, DCI format used for scheduling PUSCH can also be selected to do size alignment. The size of DCI format 3_0 can be aligned with DCI format 0_1 in NR Uu. In NR Uu, DCI format 0_0 and 0_1 are used for scheduling PUSCH. By calculating the payload size of DCI format 0_0 and 0_1, the maximum payload size can be 37 bits and 87 bits, respectively. For NR V2X DCI format 3_0, the payload size can be more than 40 bits. Even some information fields in DCI format 3_0 have not been decided with exact size, the approximate calculation can reflect that DCI format 0_1 can be the size alignment target.
Proposal 7: The size of DCI format 3_0 can be aligned with DCI format 0_1 in NR Uu.

2.5.2 CG Type-2 activation/release indication
For configured grant Type-2, the configuration is activated by DCI. 1 bit of indication field can be included in DCI format 3_0 to activate or de-activate sidelink CG Type-2.
Proposal 8: DCI format 3_0 includes 1 bit of indication field to activate/release configured grant Type-2 on sidelink.
Conclusion
In this contribution, the NR Uu to control NR sidelink mode 1 transmission is discussed. We have the following proposals:
Proposal 1: Physical slots are used for Mode 1 resource allocation and indication of periodicity and timing offset of related operation in CG type-1 sidelink transmission. 
Proposal 2: gNB needs to synchronize with GNSS for CG Type 1 resource allocation.
Observation 1: When the slot offset between sidelink and Uu is not known by gNB, the slot ambiguous issue can lead to different SL HARQ-ACK reporting time on different PUCCH slots.
Proposal 3: gNB should have the timing offset information between Uu and sidelink transmission, i.e. offsetDFN.
Proposal 4: DG can schedule multiple re-transmissions on SL with each re-transmission having PSFCH and SL HARQ-ACK reporting to gNB.
Proposal 5: DG scheduled sidelink re-transmission(s) is not supposed to use the CG resources for other TBs’ transmission.
Proposal 6: When DG scheduled re-transmission(s) and CG transmission(s) have collision on sidelink, NR Uu mechanism is reused for resource occupation process.
Proposal 7: The size of DCI format 3_0 can be aligned with DCI format 0_1 in NR Uu.
Proposal 8: DCI format 3_0 includes 1 bit of indication field to activate/release configured grant Type-2 on sidelink.
References
[1]. [bookmark: _GoBack]3GPP TSG RAN WG1 Meeting RAN1 #100bis-e chairman notes, April 2020.
oleObject1.bin
Period 2 (20 PHY slots)


...


Period 1 (20 PHY slots)


20


21


...


Period 3 (20 PHY slots)


40


41


Physical slot


0


1


2


3


4


5


6


7


8


9


19


22


Logical slot


0


23


1


S-SSB


SL-CG


24


25


2


3


4


5


26


42


43


44


45


46


47


48


49


35


36


37


38


39


27


28


29


40


41


42


6


16


SL


DL


17


18


19


20


21


22


23


24


39


34


...


...


...


0


1


2


3


4


5


6


7


8


9


19


Physical slot


Logical slot


0


1


2


3


4


5


6


16


Period 1 (20 PHY slots)


20


21


22


23


24


25


26


27


28


29


17


18


19


20


21


22


23


24


39


34


...


40


41


42


43


44


45


46


47


48


49


35


36


37


38


39


40


41


42


Period 2 (20 PHY slots)


Period 3 (20 PHY slots)



image2.emf
PSCCH+PSSCH PSFCH

n

n’

PUCCH/PUSCH

DL

Sync SL

k =2 slots

UL

F

Async SLcase 1

F

Async SLcase 2

F

Async SLcase 3

n n’

PUCCH

F

F

D

n+k D

PDCCH

K_SL=2 slots

T_DL+K_SL


oleObject2.bin
n


n’


F


Async SL case 2


F


n


n’


PUCCH


PSCCH+PSSCH


PSFCH


PUCCH/PUSCH


DL


Sync SL


k =2 slots


D


UL


F


Async SL case 3


Async SL case 1


F


F


n+k


D


PDCCH


K_SL =2 slots


T_DL+K_SL



image1.emf
... ...

0 1 2 3 4 5 6 7 8 9

19

S-SSB SL-CG

Physical slot

Logical slot

0 1 2 3 4 5 6 16

DL SL

Period 1 (20 PHY slots)

20 21 22 23 24 25 26 27 28 29

17 18 19 20 21 22 23 24

39

34

...

40 41 42 43 44 45 46 47 48 49

35 36 37 38 39 40 41 42

Period 2 (20 PHY slots) Period 3 (20 PHY slots)

... ...

0 1 2 3 4 5 6 7 8 9

19

Physical slot

Logical slot

0 1 2 3 4 5 6 16

Period 1 (20 PHY slots)

20 21 22 23 24 25 26 27 28 29

17 18 19 20 21 22 23 24

39

34

...

40 41 42 43 44 45 46 47 48 49

35 36 37 38 39 40 41 42

Period 2 (20 PHY slots) Period 3 (20 PHY slots)


