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Introduction
In this contribution, we discuss the remaining issues of NR Uu to control NR SL. 
SL configured grant related issues
1.1 SL configured grant configuration
For SL configured grant configuration, the following was agreed in RAN1#99

Agreements:
· At least the following parameters are part of a SL configured grant configuration:
· Configuration index of the CG 
· Time offset (for type-1 only)
· Time-frequency allocation (for type-1 only)
· Using the same format as in DCI.
· Periodicity
· The configured grant is associated with a single transmit resource pool.
· RAN2 can add other parameters if deemed necessary by RAN2
· A UE in mode 1 is configured at least with one transmit resource pool 
· For type-2 CG, the time-frequency allocation and the configuration index of the CG are indicated in DCI.
· All parameters for CG type 2 for activation DCI re-use the same respective parameters configured for CG type 1, when applicable

Based on the agreement, a SL CG is associated with a SL resource pool. One example to configure SL CG resource is shown in figure 1. The SCS of SL is assumed to be 15kHz, there are 10240 slots within a SFN period. The periodicity of S-SSB is 160ms, there are 2 slots used for S-SSB transmission per period. The total number of slots used for S-SSB within a SFN period is 128. The length of bitmap which is used to indicate the time resource of resource pool is 10. There should be 2 reserved slots within a SFN period to promise the rest slot (excluding S-SSB slot and reserved slots) can be divided by 10. The number of rest slots is 10110 (= 10240-128-2). The bitmap will be repeated 1011 times to indicate which slot within the rest slots belongs to the resource pool. The first 3 bits of bitmap is set to 1, corresponding to totally 3033 slots belonging to the resource pool.
SL configured grant resource is configured within the resource pool. The SL CG parameters should be based on the logical slots within the resource pool that the SL CG is associated to. For example, the sl-PeriodCG is set to 3 slots (based on the number of logical slots within the resource pool), and the sl-TimeOffsetCG is set to 2 (corresponding to the first slot within the resource pool of the SFN period), the slots belong to the SL configured grant is shown as red block in the figure, i.e., the logical slot 2/5/8/11/14/17…..,etc, which are within the resource pool. If the parameters are not based on logical slots within the associated resource pool, that will cause SL CG resources are not evenly distributed within the resource pool. 



Figure 1

Proposal 1: The SL CG parameters, such as time offset and periodicity, should be based on the logical slots within the resource pool that the SL CG is associated to.
1.2 How to determine the slot of configured grant resource
In NR, the slot and symbol which is associated to type-1 UL CG is determined using the following formula:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
 (timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.

For type-2 UL CG, the formula is :
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised.

The same mechanism can be applied to determine the slot which is associated to SL CG. Following the same mechanism as UL CG type-1, the slots which are associated to SL CG are determined by the following formula:
       (1)
Where:
·  is the total number of slots within the resource pool within a SFN period that the SL CG is associated to;
· sl_TimeOffsetCG is the slot offset between the first SL CG resource and 1st valid slot within resource pool 
· sl-PeriodCG: the period of SL CG resources.
· S is the logical slot index(s) which is determined by time resource indication included in SL CG configuration;
· Current_slot is the logical slot index within the resource pool within a SFN period, it is within [0, ]
· N is integer, it can be >, = or < 0
The same formula can be applied for type2 configured grant. In this case sl_TimeOffsetCG should be the logical slot when DCI to activate configured grant is received.
Using the formula (1), the slot index which is used for SL configured grant can be determined within a SFN period. And this pattern can be repeated to every SFN period so that the SL configured grant resources have the same time position of each SFN period.
Proposal 2: The slot within a SFN period which is associated to a SL CG is determined by the following formula:

Where:
·  is the total number of slots within the resource pool within a SFN period that the SL CG is associated to;
· sl_TimeOffsetCG is the slot offset between the first SL CG resource and 1st valid slot within resource pool 
· sl-PeriodCG: the period of SL CG resources.
· S is the logical slot index(s) which is determined by time resource indication included in SL CG configuration;
· Current_slot is the logical slot index within the resource pool within a SFN period, it is within [0, ]
· N is integer, it can be >, = or < 0

1.3 How to determine HARQ process ID for configured grants
It was agreed to reuse the similar mechanism as UL CG to determine the HARQ process ID for SL CG. 
“
For configured uplink grants with harq-procID-offset, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-procID-offset.
”
Considering that the SL transmission is slot based, the following formula is used to determine the HARQ process ID of SL configured grant.
HARQ Process ID = [floor(CURRENT_slot / periodicity)] modulo nrofHARQ-Processes + harq-procID-offset
where:
· CURRENT_slot: is the slot index of configured grant resources within the resource pool which the configured grant is associated to;
· Periodicity: the period of SL CG resources.
· nrofHARQ-Processes: The number of HARQ processes configured for the configured grant, which is configured through RRC signaling
· harq-procID-offset: Indicates the offset used in deriving the HARQ process IDs, which is configured through RRC signaling

Proposal 3: For NR-V2X, the following formula is used to determine the HARQ process ID of SL configured grant.
HARQ Process ID = [floor(CURRENT_slot / periodicity)] modulo nrofHARQ-Processes + harq-procID-offset
where:
· CURRENT_slot: is the slot index of configured grant resources within the resource pool which the configured grant is associated to;
· Periodicity: the period of SL CG resources. 
· nrofHARQ-Processes: The number of HARQ processes configured for the configured grant, which is configured through RRC signaling
· harq-procID-offset: Indicates the offset used in deriving the HARQ process IDs, which is configured through RRC signaling

1.4 Number of re-transmission per TB for configured grant
For the SL re-transmission for SL configured grant, there are the following agreements:
Agreements:
· For dynamic grant, the number of retransmissions of a TB is up to the gNB.
· For configured grant, the maximum number of times that a TB can be retransmitted using the resources provided by the configured grant is configured per priority per configured grant.

Agreements:
· To provide additional resources for retransmission upon receiving a SL NACK report, a dynamic grant is used.
· When the initial transmission of a TB is scheduled by a dynamic grant, the CRC of the DCI carrying the dynamic grant is scrambled using the SL RNTI introduced for DCI for a dynamic grant.
· The interpretation of NDI is the same as for Uu for retransmission scheduled by DCI with CRC scrambled by C-RNTI
· When the initial transmission of a TB is scheduled by a configured grant (type-1 or type-2), the CRC of the DCI carrying the dynamic grant is scrambled using the SL RNTI introduced for DCI for a configured grant type-2.
· For interpretation of NDI, the Uu behavior for retransmission scheduled by DCI with CRC scrambled by CS-RNTI is reused.
· (working assumption) The HARQ ID is used to identify the TB for which resources for retransmission are provided (subject to the indication of re-transmission via NDI)

Based on the above two agreements, it is unclear how the number of re-transmissions is determined. Some clarification is needed.
Based on the 2nd agreement, for both dynamic grant and configured grant, the resource for re-transmission is allocated by gNB. While based on the 1st agreement, the number of re-transmissions is determined by the priority of the packet. We propose that a SL TB transmitted using the resources of more than one SL CG period is not supported. According to the analysis in section 2.3, the SL transmission resource of each period corresponds to different SL HARQ process ID. If a SL TB can be transmitted cross multiple SL CG periods, the SL TB will correspond to more than one HARQ process IDs. That will cause large impact and result in heavy specification work to RAN2. Considering this is also the last meeting of RAN2, that large impact to RAN2 should be avoided. Therefore, the number of re-transmission of a SL TB should be limited within one SL CG period. 
Proposal 4: The SL CG resources of different CG period cannot be used to transmit the same TB.
For type-2 CG, the transmission resource is allocated by DCI, up to N_max transmission resources can be allocated, where N_max is 2 or 3. For type-1 CG, the transmission resource is allocated by RRC, while using the same format as DCI, up to N_max resources can be allocated per period. Following the 1st agreement, the number of re-transmission per TB can be 0/1/2. If 3 transmission resources are allocated per SL CG period, and 1 re-transmission is used based on the SL priority, the rest 1 SL CG resource cannot be used for another TB since only 1 HARQ-ACK bits is reported using PUCCH within per SL CG period. That will cause resource inefficiency. 
Therefore, we propose to modify the 1st agreement above. The number of re-transmissions of a TB is up to gNB. If more resources for re-transmission is needed, dynamic grant can be applied following the 2nd agreement.
Proposal 5: Modify the following agreement.
Agreements:
· For dynamic grant, the number of retransmissions of a TB is up to the gNB.
· For configured grant, the number of retransmissions of a TB is up to the gNBthe maximum number of times that a TB can be retransmitted using the resources provided by the configured grant is configured per priority per configured grant.
1.5 How to avoid HARQ process ID ambiguous for SL configured grant
The following agreement was achieved in RAN1 #100e 
Agreements (Q3):
· Only one new TB can be transmitted in one period of the configured grant.
· FFS any issue with retransmission spanning multiple periods
· The DCI scheduling the retransmissions uses the first HARQ process ID corresponding to the first transmission of the TB, as agreed for Q2.
There is an FFS needs to be addressed. We propose that the re-transmission can be spanned to multiple SL CG periods, but it cannot span to the next SL CG period which have the same HARQ process ID as the SL CG period that are used for initial transmission of the TB. For example, up to 4 HARQ process IDs are associated to a SL CG, the HARQ process ID #0/#1/#2/#3 are repeated in the SL CG periods. If a TB is transmitted in the SL CG period with HARQ process ID #0, the re-trasnmission of the TB can be spanned to the next 3 SL CG periods which correspond to HARQ process ID #1/#2/#3 respectively, but it cannot span to the next SL CG period with HARQ process ID #0 to avoid HARQ process ID ambiguous. 
For UL CG, this issue is addressed by introducing a configuredGrantTimer, the same mechanism can be applied to SL CG. Once a first SL CG resource is used, starts configuredGrantTimer. Before the timer expiries, the SL CG resources within a period which corresponds to the same HARQ process ID as the first SL CG resource cannot be used.
Proposal 6: A sl- configuredGrantTimer is introduced in SL CG to avoid HARQ process ID ambiguous.

HARQ reporting related issues
1.6 The case of reaching the maximum number of HARQ re-transmissions for a TB
If the TX UE can determine that the maximum number of HARQ re-transmission is achieved, it should report ACK to gNB. While we have the following agreement in RAN1 #99:
Agreements:
· For dynamic grant, the number of retransmissions of a TB is up to the gNB.
· For configured grant, the maximum number of times that a TB can be retransmitted using the resources provided by the configured grant is configured per priority per configured grant.

According to the agreement, the number of re-transmissions of a TB is determined by gNB for dynamic grant. In that case, TX UE cannot know whether the maximum number of re-transmission is achieved. It should report NACK to gNB. While from gNB side, it has no information the QoS of the SL TB, such as the priority, latency, etc. It is possible to allocate maximum number of re-transmissions for each TB, which will cause resource wast for the TB which corresponds to low priority. 
To address the issue, gNB can configure a mapping table between priority and number of re-transmission to UE. Based on the table, TX UE can determine whether the maximum number of re-transmission is achieved so that it can determine to report ACK or NACK to gNB. 
Proposal 7: A mapping table between priority and maximum number of re-transmission is (pre-)configured.
Proposal 8: TX UE reports ACK or NACK depends on whether the maximum number of HARQ re-transmissions of a TB is achieved. 
1.7 The case when SL FB is disabled
When gNB allocates SL resource to TX UE, it is up to TX UE to determine whether the SL TB is SL FB enabled or disabled. If the SL FB is disabled, blind re-transmission will be used. While if the SL resource is configured by dynamic scheduling, the maximal number of re-transmission is up to gNB based on the above agreement. Similar as the discussion of previous section, gNB can configure a mapping table between priority and maximum number of re-transmission. If the maximal number of re-transmission is not achieved, TX UE will report NACK to gNB, otherwise, TX UE will report ACK to gNB. 
Proposal 9: If TX UE uses the allocated SL resources to transmit SL TB with SL FB disabled, it reports NACK to gNB if maximum number of HARQ re-transmissions is not achieved, otherwise, it will report ACK to gNB.
1.8 The case when the configured SL/UL resources is beyond PDB
For dynamic grant, gNB allocates SL resource based on SR/BSR. TX UE determines which kind of SL data will be transmitted on these resources and gNB has no information about the delay of the SL data. It is possible that the allocated SL resources (for initial transmission or re-transmission) is beyond the delay budget of SL data. In that case, TX UE should report ACK to gNB to avoid gNB allocating more useless resources. Similarly, it is also applied to the UL resource of PUCCH. If the time resource of PUCCH for SL FB reporting is beyond delay budget, TX UE should report ACK to gNB.
Proposal 10: If the time position of SL/UL resources is beyond delay budget of SL data, TX UE should report ACK to gNB
Multiplexing multiple SL HARQ-ACKs in a PUCCH resource
1.9 Type-1 HARQ-ACK codebook design
To support type-1 HARQ-ACK codebook, a timing offset set is configured, and each element of the set is the timing offset between PSFCH and associated PUCCH. If the periodicity of PSFCH resource is N slots, each slot for PSSCH transmission associated to the same PSFCH slot corresponds to a separate HARQ-ACK bit field in the PUCCH. The HARQ status of each field is based on whether there is PSSCH transmission on the corresponding slot, and the HARQ status of the PSSCH transmission. 
Proposal 11: For type-1 HARQ-ACK codebook design
· A timing offset set is (pre-)configured, and each element of the set is the timing offset between PSFCH and PUCCH
· Each slot for PSSCH transmission associated to the same PSFCH slot has a separate HARQ-ACK bit field in the PUCCH.
1.10 Type-2 HARQ-ACK codebook design
To support type-2 HARQ-ACK codebook, the following should be confidered.
· Sidelink Assignment Index field is indicated in DCI format 3-0, which is used to determine how many dynamic grant for SL scheduling have been transmitted by gNB. The largest SAI value is used to determine how many HARQ-ACK bits are multiplexed in the PUCCH.
· Up to M HARQ-ACK bits can be multiplexed into one PUCCH. 
· At most 1 HARQ-ACK bit for configured grant can be multiplexed into the PUCCH. The rest HARQ-ACK bits are for dynamic grant. 
Proposal 12: For type-1 HARQ-ACK codebook design:
· SAI is indicated in DCI format 3-0 which is used as counter SAI. 
· At most 1 HARQ-ACK bit corresponds to configured grant can be multiplexed into one PUCCH. 

DCI indicates resource pool index
It was agreed that more than 1 transmission resource pool can be configured for mode 1. Different resource pool can have different parameter, such as the different sub-channel size, different number of sub-channels. For dynamic scheduling, DCI format 3-0 is used, which will be aligned to one of existing Uu DCI size. If gNB allocates transmission resource to UE within different mode 1 resource pool, the bit size of frequency domain resource indication can be different. If there is no resource pool index indicated in DCI, UE will have ambiguous when parsing the fields of DCI.
Proposal 13: Resource pool index should be indicated in DCI format 3-0.
SL DCI format size alignment with existing NR Uu DCI
Two new DCI formats are introduced in NR-V2X: DCI format 3-0 and DCI format 3-1. It was agreed that the new DCI formats are aligned to one of existing NR Uu DCI formats. 
For DCI format 3-1, there is the following description:
“If the UE is configured to monitor DCI format 3_0 and the number of information bits in DCI format 3_1 is less than the payload of DCI format 3_0, zeros shall be appended to DCI format 3_1 until the payload size equals that of DCI format 3_0.”
The size of DCI format 3-1 will be aligned to DCI format 3-0. If the size of DCI format 3-0 is aligned to existing DCI format, the size of DCI format 3-1 is naturally aligned to existing DCI format.
The contents of DCI format 3-0 is as follows [1]:
The following information is transmitted by means of the DCI format 3_0 with CRC scrambled by SL-RNTI or SL-CS-RNTI:
-	Time gap – [x] bits determined by higher layer parameter timeGapFirstSidelinkTransmission, as defined in subclause x.x.x of [6, TS 38.214]
-	HARQ process ID – [x] bits as defined in subclause x.x.x of [6, TS 38.214]
-	New data indicator – 1 bit as defined in subclause x.x.x of [6, TS 38.214]
-	Lowest index of the subchannel allocation to the initial transmission – bits as defined in subclause x.x.x of [6, TS 38.214]
-	SCI format 0-1 fields according to subclause 8.3.1.1:
-	Frequency resource assignment.
-	Time resource assignment.
-	PSFCH-to-HARQ feedback timing indicator – 3 bits as defined in subclause x.x.x of [6, TS 38.214].
 -	PUCCH resource indicator – 3 bits as defined in subclause x.x.x of [6, TS 38.214].
-	Configuration index – 0 bit if the UE is not configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI; otherwise [x] bits as defined in subclause x.x.x of [6, TS 38.214]. If the UE is configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI, this field is reserved for DCI format 3_0 with CRC scrambled by SL-RNTI. 

To simplify the discussion, we assume some typical value to the parameters which will determine the size of each field in DCI format 3-0.
· timeGapFirstSidelinkTransmission is assumed to be 8 values, corresponding to 3bits for Time gap
· HARQ process ID is assumed to be 4 bits
·  is assumed to be 27 in case of 10 PRBs per sub-channel; 3 resources indicated by SCI
· Lowest index of the subchannel allocation to the initial transmission: 5 bits
· Frequency resource assignment: 13 bits
· Time resource assignment: 9 bits
· Configuration index: 3 bits which corresponds to 8 configured grants.

Based on the above assumption, the total number of bits is about 44. In that case, it is preferred to align the size of DCI format 3-0 to DCI format 0-0 or DCI format 1-0.
Proposal 14: The size of DCI format 3-0 is aligned to DCI format 0-0 or DCI format 1-0.
Transmission timing for type-1 CG and cross RAT scheduling 
For type-1 configured grant, we have discussed the transmission timing in RAN1 #100e, and the following proposal was almost agreed. Here, we still support the following proposal:
Proposal 15: The slot of the first sidelink transmissions of CG type-1 is the first SL slot of the corresponding resource pool that starts not earlier than Toffset = TSFN + Timingof { timeDomainOffset + N0 × periodicity } – TTA / 2, where
· TSFN is the time of the most recent instance of SFN=0.
· In the calculation, timeDomainOffset to DL SFN=0 and periodicity are counted with SL logical slots within the resource pool that the CG is associated to. 
· Timingof {X} means the timing of slot X
· TTA is the timing advance value 
· N0 is the smallest integer satisfying that Toffset is not earlier than the confirmation timing of the type-1 CG.
· periodicity is the configured periodicity of the configured grant type 1.
NOTE: all terms in the sum are expressed in the same time units.

For LTE Uu to control NR SL, type-1 CG scheduling is used. Therefore, the same mechanism as type-1 CG of NR Uu control NR SL can be applied to LTE Uu to control NR SL.

Conclusion
In this contribution, remaining issues of NR Uu to control NR SL are discussed. The following proposals are given.
Proposal 1: The SL CG parameters, such as time offset and periodicity, should be based on the logical slots within the resource pool that the SL CG is associated to.
Proposal 2: The slot within a SFN period which is associated to a SL CG is determined by the following formula:

Where:
·  is the total number of slots within the resource pool within a SFN period that the SL CG is associated to;
· sl_TimeOffsetCG is the slot offset between the first SL CG resource and 1st valid slot within resource pool 
· sl-PeriodCG: the period of SL CG resources.
· S is the logical slot index(s) which is determined by time resource indication included in SL CG configuration;
· Current_slot is the logical slot index within the resource pool within a SFN period, it is within [0, ]
· N is integer, it can be >, = or < 0
Proposal 3: For NR-V2X, the following formula is used to determine the HARQ process ID of SL configured grant.
HARQ Process ID = [floor(CURRENT_slot / periodicity)] modulo nrofHARQ-Processes + harq-procID-offset
where:
· CURRENT_slot: is the slot index of configured grant resources within the resource pool which the configured grant is associated to;
· Periodicity: the period of SL CG resources. 
· nrofHARQ-Processes: The number of HARQ processes configured for the configured grant, which is configured through RRC signaling
· harq-procID-offset: Indicates the offset used in deriving the HARQ process IDs, which is configured through RRC signaling
Proposal 4: The SL CG resources of different CG period cannot be used to transmit the same TB.
Proposal 5: Modify the following agreement.
Agreements:
· For dynamic grant, the number of retransmissions of a TB is up to the gNB.
· For configured grant, the number of retransmissions of a TB is up to the gNBthe maximum number of times that a TB can be retransmitted using the resources provided by the configured grant is configured per priority per configured grant.
Proposal 6: A sl- configuredGrantTimer is introduced in SL CG to avoid HARQ process ID ambiguous.
Proposal 7: A mapping table between priority and maximum number of re-transmission is (pre-)configured.
Proposal 8: TX UE reports ACK or NACK depends on whether the maximum number of HARQ re-transmissions of a TB is achieved. 
Proposal 9: If TX UE uses the allocated SL resources to transmit SL TB with SL FB disabled, it reports NACK to gNB if maximum number of HARQ re-transmissions is not achieved, otherwise, it will report ACK to gNB.
Proposal 10: If the time position of SL/UL resources is beyond delay budget of SL data, TX UE should report ACK to gNB
Proposal 11: For type-1 HARQ-ACK codebook design
· A timing offset set is (pre-)configured, and each element of the set is the timing offset between PSFCH and PUCCH
· Each slot for PSSCH transmission associated to the same PSFCH slot has a separate HARQ-ACK bit field in the PUCCH.
Proposal 12: For type-1 HARQ-ACK codebook design:
· SAI is indicated in DCI format 3-0 which is used as counter SAI. 
· At most 1 HARQ-ACK bit corresponds to configured grant can be multiplexed into one PUCCH. 
Proposal 13: Resource pool index should be indicated in DCI format 3-0.
Proposal 14: The size of DCI format 3-0 is aligned to DCI format 0-0 or DCI format 1-0.
Proposal 15: The slot of the first sidelink transmissions of CG type-1 is the first SL slot of the corresponding resource pool that starts not earlier than Toffset = TSFN + Timingof { timeDomainOffset + N0 × periodicity } – TTA / 2, where
· TSFN is the time of the most recent instance of SFN=0.
· In the calculation, timeDomainOffset to DL SFN=0 and periodicity are counted with SL logical slots within the resource pool that the CG is associated to. 
· Timingof {X} means the timing of slot X
· TTA is the timing advance value 
· N0 is the smallest integer satisfying that Toffset is not earlier than the confirmation timing of the type-1 CG.
· periodicity is the configured periodicity of the configured grant type 1.
NOTE: all terms in the sum are expressed in the same time units.
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