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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
Regarding the resource allocation in mode-1 in NR V2X, the following agreements have been achieved in the previous meetings [1]:
	Agreements:
· Existing DCI size budget is maintained when the UE is configured with SL 
· (working assumption): The size of the new DCI format and the size of one of the existing NR DCI formats are aligned.
Agreements:
· Use a separate PDCCH monitoring configuration (as configured in Rel-15) for DCI scheduling SL
· The per-CC and across-CC blind decoding budget and the maximum number of non-overlapped CCEs for channel estimation are not increased.
· The per-CC and across-CC maximum number of search spaces is not increased.
· The per-CC and across-CC maximum number of CORESETs is not increased
· To down-select:
· Alt 1: (Working assumption) the UE is not expected to be configured such that there is both PDCCH monitoring for Uu and PDCCH monitoring for SL in the same slot
· Alt 2: (Working assumption) When in the same slot, there is both PDCCH monitoring for Uu and PDCCH monitoring for SL for the same CC, the search space(s) for SL is configured to be the same or a subset of those for Uu for the same CC or vice versa
· A UE does not expect to receive in the same PDCCH monitoring occasion and the same scheduling cell PDCCH carrying a DL grant and PDCCH carrying a SL DG.
· FFS SL grant is limited to having SL HARQ FB enabled or not.  
· FFS for CG type-2 activation/deactivation
Agreements:
· From RAN1 perspective, a configured grant for SL can carry a TB for which SL HARQ FB is enabled or disabled. 
· For any CG, if there is a possibility to carry a TB with SL HARQ FB being enabled, there is always a corresponding PSFCH configuration 
· A TB with SL HARQ FB is enabled can be carried by a CG only if there is a corresponding PSFCH configuration for the CG
· For a TB with SL HARQ FB is disabled, up to RAN2 how to utilize a CG for the transmission
Agreements:
· For dynamic grant, DCI contains HARQ ID and NDI. 
Agreements:
· For dynamic grant, DCI indicates the time-frequency resource allocation with the signalling format used for SCI.
· In addition, the starting sub-channel for initial transmission is signalled in DCI.
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)
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.
Working assumption:
· [bookmark: _Hlk25254457]The timing of the PUCCH used for conveying SL HARQ is indicated in DCI or RRC (only for transmissions without a DCI) in terms of PSFCH-to-PUCCH physical slots, where the slot duration is defined based on the PUCCH SCS. 
· Note: it is not intended to define any new sync requirements for gNBs
Conclusion:
· No support of multiplexing of SL HARQ and Uu UCI on PUCCH or PUSCH in Rel-16
· Note: this reverts the agreements made during RAN1#98b email discussion
Agreements:
· For dynamic grant and CG:
· If the gNB provides PUCCH resources for feedback, the UE reports SL HARQ FB to the gNB
· If the gNB does not provides PUCCH resources for feedback, the UE does not report SL HARQ FB to the gNB
Agreements:
· For case of DG and type 2 CG: one combination of “timing and resource for PUCCH” is used to indicate that PUCCH resource is not provided
· For type 1 CG: no RRC configuration of PUCCH resources indicates that PUCCH resource is not provided
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
Agreements:
· NR supports SL transmissions at least in cell-specific UL resources in Uu.
Agreements:
· For dynamic grant and configured grant type-2, the slot of the first sidelink transmission is the in the first SL slot of the corresponding resource pool that starts not earlier than (working assumption for the formular)  where TDL is starting time of the slot carrying the corresponding DCI, TTA is the timing advance value and m is the slot offset (based on the SL numerology) between DCI and the first sidelink transmission scheduled by DCI, Tc is as defined in 38.211, and Tslot is the SL slot duration. 
· FFS the case of CG type 1
· FFS the application of the above formula to cross-RAT scheduling.


In the contribution, we discuss the remaining issues on the details of mode-1 scheduling.

2. Feedback
2.1. Type-1 HARQ Codebook on PUCCH
Procedure
With a configured set of time offset between last PSFCH and PUCCH (donated as Y2), a time window of last PSFCH candidate occasion can be derived. For a last PSFCH candidate occasion at sidelink slot x, there are N associated slots starting from slot x-K-N+1 to slot x-K that can be used for PSCCH/PSSCH transmission, where N is the PSFCH period. This means, from the perspective of a TX UE, there are up to N TBs of which sidelink HARQ-ACK information should be reported. Hence, N-bit HARQ-ACK reporting is required for each last PSFCH candidate occasion. If an associated PSCCH/PSSCH slot is used for PSCCH/PSSCH transmission by the TX UE, the TX UE should set the corresponding HARQ-ACK bit based on the PSFCH reception. If not, then TX UE generates a NACK bit.
[image: ]
Y2 is expressed in terms of PUCCH SCS which can be different from the sidelink SCS, thereby there are two cases to be discussed when determining the associated PSFCH occasions:
· When PUCCH SCS>=SL SCS,
For each configured Y2 value, there is at most 1 sidelink slot overlapped with the slot n-Y2, thereby N bits HARQ-ACK should be reported.
[image: ]
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Figure 1. Example of association between PSFCH occasion and PSCCH/PSSCH occasions when PUCCH SCS>=SL SCS
· When PUCCH SCS<SL SCS
In such cases, each n-Y2 slot in the window contains 2μSL-μUu slots, noting that not all of them contain PSFCH occasions. For example, when N=2 and 2μSL-μUu=4, only half of the 4 sidelink slots contain PSFCH. For a slot without PSFCH, N bits NACK are reported. Two examples are shown below.
[image: ]
[image: ]
Figure 2. Example of association between PSFCH occasion and PSCCH/PSSCH occasions when PUCCH SCS<SL SCS
[bookmark: _Ref32599785][bookmark: _Ref20482175]Proposal 1. From the perspective of a TX UE, there are N PSCCH/PSSCH slots associated with a PSFCH occasion, where N is the PSFCH period. Hence, N-bit HARQ-ACK reporting is required for each last PSFCH candidate occasion in the type-1 HARQ-ACK codebook.
[bookmark: _Ref32599786]Proposal 2. For each bit in the N-bit HARQ-ACK reporting for a last PSFCH candidate occasion in type-1 HARQ-ACK codebook, if an associated PSCCH/PSSCH slot is used for PSCCH/PSSCH transmission by the TX UE, the TX UE should set the HARQ-ACK bit based on the corresponding PSFCH reception, if not, TX UE sets the bit to NACK value.
[bookmark: _Ref32599788]Proposal 3. Type-1 sidelink HARQ-ACK codebook is generated based on the candidate occasion of last PSFCH, PSFCH period N, and configured {Y2} values, where {Y2} is a set of time offset between candidate last PSFCH and PUCCH by RRC.
[bookmark: _Ref32505814]Proposal 4. For a PUCCH at slot n for sidelink HARQ-ACK reporting, a TX UE constructs the type-1 sidelink HARQ-ACK codebook with the following steps:
· Step1. Determining a set of slots in sidelink SCS corresponding to each n-Y2 value, where Y2 is the value in the set of candidate PSFCH-to-HARQ timing values configured by RRC
· Step2. For each slot in the slot set determined in step1, if the slot is sidelink slot and the slot is configured with PSFCH, N HARQ-ACK bits are generated based on step3, otherwise (e.g., the slot is Uu slot or the slot is sidelink slot without PSFCH) N bits NACK are generated.
· Step 3. For each bit in the N HARQ-ACK bits for the sidelink slot containing PSFCH, if the bit is associated with a transmitted PSCCH/PSSCH by the TX UE, generate a HAQR-ACK bit based on the corresponding PSFCH reception as defined in 38.213 16.5; if the associated PSCCH/PSSCH occasion is not used for transmission by the TX UE, set the corresponding bit to NACK. 
 
TP1
------------------------------------------- Start of Draft TP of 213 -------------------------------------
This clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static.
For the set of slot timing values  provided by high layer, the UE determines a set of slots in sidelink SCS with reference to the slot  for PUCCH transmission. 
For each slot in the slot set, if the slot is not for sidelink, or if the slot is a sidelink slot but includes no PSFCH reception occasions, UE generates N NACK values, where N is the value indicated by periodPSFCHresource. If the slot is for sidelink and includes PSFCH occasions, UE determines N PSCCH and PSSCH transmission occasions associated with the PSFCH occasion, and determines the corresponding HARQ-ACK information as following:
· For each PSCCH and PSSCH transmission occasion associated with the PSFCH occasion 
· if the PSCCH and PSSCH transmission occasion is used for PSCCH and PSSCH transmission, the corresponding HARQ-ACK bit is determined based on the corresponding PSFCH reception as defined in 16.5. 
· Otherwise, UE generates a NACK value.
---------------------------------------------- End of Draft TP ---------------------------------------------

HARQ-ACK for SL CG in type-1 codebook
[bookmark: _Ref23976738]Based on the previous discussion, there should be N-bit HARQ-ACK information for a PSFCH associated with a PUCCH. However, for a configured grant, it has been agreed that there is only a single HARQ-ACK bit generated for indicating the outcome of the associated TB to gNB. In such cases, N-1 bits NACK should be inserted before or after the determined HARQ-ACK bit of the TB. 
[bookmark: _Ref23976758][bookmark: _Ref32599791]Proposal 5. For a sidelink configured grant, if 1 sidelink HARQ-ACK bit is generated based on the PSFCH decoding and if codebook type= type-1, N-1 HARQ-ACK bits (e.g., N-1 NACK) should be reported together with the determined sidelink HARQ-ACK bit.

TP2
------------------------------------------- Start of Draft TP of 213 -------------------------------------
16.5 UE procedure for reporting HARQ-ACK on uplink
<Unchanged parts omitted>
For SL configured grant Type 1 or Type 2 PSSCH receptions by a UE within a time period provided by periodSlCG, the UE generates one HARQ-ACK information bit in response to the PSFCH receptions to multiplex in a PUCCH transmission occasion that is after a last time resource, in a set of time resources.
If the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static, the location of the HARQ-ACK information bit in the Type-1 HARQ-ACK codebook is determined by the last PSSCH occasion within the time period and the PSFCH occasion associated with the last PSSCH occasion. The UE generates a NACK value for each PSSCH occasion associated with a PSFCH occasion other than the last PSFCH occasion. 

---------------------------------------------- End of Draft TP ---------------------------------------------

2.2. Type-2 HARQ Codebook on PUCCH
SAI in SL DCI
To construct the DL codebook and sidelink codebook separately, the dynamic sidelink HARQ-ACK codebook should be built by only counting SL DCI. That is, the counter SAI(sidelink assignment index) and total SAI in SL DCI represent the index of currently transmitted SL DCI and the total number of SL DCI that have been sent respectively. As seen from the example in Figure 1, in this case, the dynamic codebook only accounts for the 2 SL DCIs. 

 
[bookmark: _Ref23969740]Figure 1. Example of dynamic sidelink HARQ-ACK codebook
[bookmark: _Ref32522923]Proposal 6. If UE is configured with more than one DL cell to monitor SL DCI, the SL DCI carries cSAI indicating the index of currently received SL DCI, and tSAI indicating the total number of SL DCI up to this point in time; if UE is configured with one DL cell to monitor SL DCI, the SL DCI carries cSAI for SL; if no PUCCH is provided, the SL DCI carries no SAI.

TP3
------------------------------------------- Start of Draft TP of 212 -------------------------------------
7.3.1.4.1	Format 3_0
<Unchanged parts omitted>
DCI format 3_0 is used for scheduling of NR PSCCH and NR PSSCH in one cell. 
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 clause x.x.x of [6, TS 38.214]
-	HARQ process ID – [x] bits as defined in clause x.x.x of [6, TS 38.214]
-	Sidelink assignment index – number of bits as defined in the following
-	4 bits if more than one serving cells are configured in the DL to monitor DCI format 3_0 and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, where the 2 MSB bits are the counter SAI and the 2 LSB bits are the total SAI;
-	2 bits if only one serving cell is configured in the DL to monitor DCI format 3_0 and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, where the 2 bits are the counter SAI;
-	0 bits if PUCCH is not configured.
---------------------------------------------- End of Draft TP ---------------------------------------------

Procedure
In Uu, the type-2 HARQ-ACK codebook is construed in the following structure by traversing all successfully received DCIs in a set of monitoring occasions for a PUCCH. 
Table 1. R15 type-2 HARQ-ACK codebook
	First sub-codebook (for TB level based scheduling)
	Second sub-codebook (for CBG level based scheduling)

	HARQ-ACK bits corresponding to dynamic scheduling and SPS release
	HARQ-ACK bits corresponding to SPS PDSCH reception
	HARQ-ACK bits corresponding to CBG based dynamic scheduling


Since each PUCCH only contains no more than one HARQ-ACK bit that is related to the configured sidelink grant, a similar structure can also be reused for sidelink.
In general, the type-2 sidelink HARQ-ACK codebook is constructed with the following steps:
· Step1. For a PUCCH for sidelink HARQ-ACK, determining an associated set of monitoring occasions as the monitoring occasions carrying SL DCI in which the PUCCH is indicated for HARQ-ACK reporting based on PSFCH-to-HARQ timing in DCI.
· Step2. Concatenating the HARQ-ACK bits corresponding to received SL DCIs for dynamic scheduling in ascending order of the monitoring occasion indexes, where lower index corresponds to earlier SL DCI.
· Step3. If there is a HARQ-ACK bit corresponding to transmission(s) on SL CG, the bit is appended to the HARQ-ACK bits generated in step2.
Table 2. Sidelink type-2 HARQ-ACK codebook
	sidelink codebook (for TB level based scheduling)

	HARQ-ACK bits corresponding to dynamic scheduling
	HARQ-ACK bit corresponding to transmission(s) on a configured sidelink grant


[bookmark: _Ref23975091]Proposal 7. For a PUCCH at slot n for sidelink HARQ-ACK reporting, Type-2 sidelink HARQ-ACK codebook is constructed with the following steps:
· Step1. Determining an associated set of DCI monitoring occasions as the monitoring occasions carrying SL DCI in which the PUCCH is indicated for HARQ-ACK reporting based on PSFCH-to-HARQ timing in DCI.
· Step2. Concatenating the HARQ-ACK bits corresponding to received SL DCIs for dynamic scheduling in ascending order of the monitoring occasion indexes, where lower index corresponds to earlier PDCCH.
· Step3. If there is a HARQ-ACK bit corresponding to transmission(s) on SL configured grants, the bit is appended to the HARQ-ACK bits generated in step2.
[bookmark: _Hlk23081145]
TP4
------------------------------------------- Start of Draft TP of 213 -------------------------------------
A PSSCH only carries a single sidelink transport block.
This subclause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic.


A UE determines monitoring occasions for PDCCH with DCI format 3_0 for scheduling PSCCH and PSSCH transmissions on an active DL BWP of a serving cell , and for which the UE transmits HARQ-ACK information in a same PUCCH in slot  based on

-	PSFCH-to-HARQ feedback timing field values for PUCCH transmission with HARQ-ACK information in slot  in response to PSCCH and PSSCH transmissions



If the UE transmits HARQ-ACK information in a PUCCH in slot  and for any PUCCH format, the UE determines the , for a total number of  HARQ-ACK information bits for TB-based PSCCH and PSSCH transmission using the procedure in 9.1.3.1 with the following exceptions: 

-	set  to the number of serving cells configured with DCI format 3_0

-	set = 0- the largest index of a serving cell in the serving cells configured with DCI format 3_0: lower indexes correspond to lower RRC indexes of the corresponding cell, c=0 representing the serving cell configured with DCI format 3_0 with the lowest RRC index among the serving cells 


-	=0, =0
-	the term 'PDSCH' is replaced by 'PSCCH and PSSCH'
-	the term 'PDSCH receptions' is replaced by 'PSCCH and PSSCH transmissions'
-	the term 'DCI format 1_0' or 'DCI format 1_1' is replaced by 'DCI format 3_0'
-	the term 'SPS PDSCH reception' is replaced by 'SL configured grant Type2 PSCCH and PSSCH transmission'
-	the term 'receive SPS PDSCH' is replaced by 'transmit SL configured grant Type2 PSCCH and PSSCH'
-	the term 'PDSCH-to-HARQ-feedback timing value' is replaced by 'PFSCH-to-HARQ-feedback timing value'
---------------------------------------------- End of Draft TP ---------------------------------------------

2.3. Feedback content in groupcast option2
	Agreements
· For unicast: 
· TX UE reports contents received in PSFCH (i.e., ACK/NACK) to gNB. 
· TX UE reports NACK if PSFCH is not detected 
· when generating the HARQ-ACK report for the transmissions corresponding to a grant, the TX UE uses the most recent PSFCH occasion (as working assumption) associated with the transmissions.
· For groupcast option 1: 
· TX UE reports ACK to the gNB if no PSFCH is detected. 
· TX UE reports NACK to the gNB if at least one PSFCH (i.e., NACK) is detected. 
· when generating the HARQ-ACK report for the transmissions corresponding to a grant, the TX UE uses the most recent PSFCH occasion (as a working assumption) associated with the transmissions. 
· FFS the cases when TX UE does not transmit/receive due to prioritization. 
· For groupcast option 2: 
· TX UE reports ACK if all expected PSFCH resources are received and carry ACK. 
· TX UE reports NACK if at least one received PSFCH resource carries NACK or if no PSFCH is detected. 
· FFS the case with PSFCHs corresponding to multiple PSCCH/PSSCH transmissions before generating the HARQ-ACK report. 
· FFS behavior when TX UE does not detect some expected PSFCH.
· FFS if no PSCCH/PSSCH is transmitted in a set of resources for configured grant. 
· FFS whether/how to deal with the case of reaching the maximum number of HARQ re-transmissions for a TB.


According to the e-mail discussion, the UE behavior when TX UE does not detect some expected PSFCH in groupcast option2 should be clarified. Mis-detection of PSFCH can be incurred by either PSFCH detection failure or PSCCH detection failure. Even though TX UE can differentiate the two cases, from the gNB perspective, both cases, in some sense, can be considered as a kind of SL DTX, thus NACK should be reported by TX UE.
[bookmark: _Ref23975085]Proposal 8. When TX UE does not detect some expected PSFCH in groupcast option2, NACK should be reported to gNB.

TP5
------------------------------------------- Start of Draft TP of 213 -------------------------------------
16.5 UE procedure for reporting HARQ-ACK on uplink
<Unchanged parts omitted>
For each PSFCH reception occasion, from a number of PSFCH reception occasions that the UE generates HARQ-ACK information to report to the gNB in a PUCCH or PUSCH transmission, the UE can be indicated by higher layers to perform one of the following and the UE constructs a HARQ-ACK codeword with HARQ-ACK information, when applicable.
-	for unicast, generate HARQ-ACK information with same value as a value of HARQ-ACK information the UE determines from a PSFCH reception in the PSFCH reception occasion and, if the UE determines that a PSFCH is not received at the PSFCH reception occasion, generate NACK
-	if the corresponding SCI indicates groupcast option2, generate ACK when the UE determines ACK from each PSFCH reception for the number of PSFCH reception occasions; otherwise, generate NACK if the UE determines absence of a PSFCH reception or determines a NACK value from a PSFCH reception at a corresponding PSFCH reception occasion
-	if the corresponding SCI indicates groupcast option1, generate ACK when the UE determines absence of PSFCH reception for each PSFCH reception occasion from the number of PSFCH reception occasions; otherwise, generate NACK.
<Unchanged parts omitted>
For a PSSCH reception by a UE that is scheduled by a DCI format 3_0, or for a SL configured grant Type 2 PSCCH reception activated by a DCI format 3_0, the DCI format 3_0 can indicate to the UE that a PUCCH resource is not provided. For a SL configured grant Type 1 PSSCH reception, a PUCCH resource can be provided by PUCCH-SL-Config n1PUCCH-AN-SL. If a PUCCH resource is not provided, the UE does not transmit a PUCCH with generated HARQ-ACK information from PSFCH reception occasions.
---------------------------------------------- End of Draft TP ---------------------------------------------

2.4. Unused resources on CG
[bookmark: _Ref23975050]If there is no sidelink data awaiting transmission after the activation/configuration of a configured sidelink grant, UE shall not transmit on the configured sidelink resources. In this case, it is not clear whether the associated PUCCH should be transmitted or not. Two alternatives have been discussed:
· Alt.1 ACK is reported.
· Alt.2 No HARQ-ACK report for the configured grant.
In alt.1, after receiving the ACK, gNB knows that there is no need for additional resources, but it does not know if the ACK is due to an empty sidelink buffer or if it is due to a TB being successfully decoded by RX UE(s). However, this ambiguity is not a matter from the perspective of resource scheduling.
On the other hand, if UE doesn’t transmit any feedback for the unused configured grant, there will be some issues when the sidelink HARQ-ACK report for dynamic scheduling and configured grant are multiplexed on the same PUCCH. That is, gNB can’t identify that the HARQ-ACK bit(s) in the PUCCH corresponds to a configured grant or dynamic scheduling.
[bookmark: _Ref32520623]Observation 1. If UE doesn’t transmit any feedback for an unused configured grant, gNB can’t identify that the HARQ-ACK bit(s) in the PUCCH corresponds to a configured grant or dynamic scheduling when the PUCCH is shared for sidelink HARQ-ACK reporting for both configured grant and dynamic scheduling.
[bookmark: _Ref24137078]Proposal 9. If all resources within a period of a configured grant are unused, ACK should be reported to gNB.

[bookmark: _Ref16006416]TP6
------------------------------------------- Start of Draft TP of 213 -------------------------------------
16.5 UE procedure for reporting HARQ-ACK on uplink
<Unchanged parts omitted>
For SL configured grant Type 1 or Type 2 PSSCH receptions transmissions by a UE within a time period provided by periodSlCG, the UE generates one HARQ-ACK information bit in response to the PSFCH receptions to multiplex in a PUCCH transmission occasion that is after a last time resource, in a set of time resources. If a SL configured grant Type 1 is configured or if a SL configured grant Type 2 is activated, and if the UE does not use the SL configured grant for PSSCH transmission for a time period, the UE sets a value for the HARQ-ACK information bit of the SL configured grant to ACK. 
---------------------------------------------- End of Draft TP ---------------------------------------------

2.5. Maximum (re)transmission on CG
According to the previous agreement, if PUCCH is configured for SL CG, the corresponding PUCCH must be transmitted anyway even if the maximum allowed transmission times is reached. One remaining issue in such cases is whether ACK or NACK should be reported.  
Since there is no restriction on transmission times on dynamic scheduling, in such cases, either reporting NACK to gNB which may schedule retransmission through a dynamic grant in a later time instant or reporting ACK without requesting additional resources is acceptable. Therefore, it can be up to UE implementation to decide the SL HARQ-ACK bit associated with the CG.
[bookmark: _Ref23975077]Proposal 10. If the maximum number of HARQ re-transmissions for a TB on a SL CG is reached and PUCCH is configured for the SL CG, UE should transmit the PUCCH to report SL FB, and it is up to UE to decide the SL HARQ-ACK bit for the CG.

3. Grant
3.1. Configured grant
SL CG timing
To accommodate the delay requirements of sidelink traffic, the periodicity of SL CG and the offset from DFN0 should be defined in the physical unit.
Once UE receives the RRC configuration of SL CG type1, the first available resource of the CG is the earliest transmission occasion which is after the time of the RRC reception. Thus, the slot of the first sidelink transmission is in the first sidelink slot of the corresponding CG that starts not earlier than RRC reception timing.
[bookmark: _Ref32505832]Proposal 11. The periodicity and the offset of SL CG should be defined in the physical unit, where the offset is the time offset of a SL CG resource with respect to DFN = 0.
[bookmark: _Ref32505834]Proposal 12. For SL CG type1, the slot of the first sidelink transmission is the first sidelink slot of transmission occasion of the CG that starts not earlier than RRC reception timing.

RV and HPN
[bookmark: _Ref23975068]Since the SCI carries the HPN and RV of the transmission, it can be up to TX UE to handle and decide the HPN and RV pattern on a SL CG.
[bookmark: _Ref32599801]Proposal 13. It is up to TX UE to decide the HARQ process ID and RV pattern of the transmission occasion of a sidelink configured grant.

Activation/de-activation of SL CG
If multiple type2 configured sidelink grants are configured, there are two options as below:
· Option1. Single DCI is used to activate/de-activate all configured sidelink grants 
· Option2. Each configured sidelink grant is activated/de-activated by an individual DCI.
A similar issue has been discussed in the URLLC session for UL CG, and it was agreed that separate activation/de-activation of UL CG is supported. Therefore, the following proposals are made.
[bookmark: _Ref7299745]Proposal 14. At least separated activation/de-activation of different Type2 configured sidelink grants is supported.

For scheduling activation or scheduling release in Uu, several fields such as HPN, RV, FDRA, and MCS are set to special codepoints for validation. However, in the mode-1 case, the RV and MCS are not present in SL DCI, hence the Uu design cannot be reused directly. A simple approach is to include 1-bit activation/de-activation command in DCI. RAN2 agreed that up to 8 SL CG can be supported at the same time, 4 bits therefore in total are required to activate/de-activate a SL CG. Since the HPN field is useless for SL CG activation/de-activation, the 4 bits HPN can be re-interpreted as a 1-bit activation/de-activation+3-bit SL CG index to save DCI fields.
[bookmark: _Ref32505859]Proposal 15. For the DCI activating or releasing an SL CG type2, MSB of the HPN field is used for activation/release indication, 3 LSBs of the HPN field indicate the index of the SL CG to be activated/released.

In the last meeting, the following working assumption is made:
	· (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)


It was discussed that there is one PUCCH transmission occasion after all transmission occasions of a configured sidelink grant and there is only one HARQ-ACK bit for each configured sidelink grant on the PUCCH. TX UE will report NACK if the last transmitted TB fails. However, as there can be multiple HARQ processes associated with a configured sidelink grant and the HARQ process ID for a transmission can be decided by TX UE, gNB only can “see” a NACK implying resources request for a configured grant, it is unaware of which sidelink HARQ process is being addressed by the NACK. Thus, it is impossible for the dynamic grant which schedules retransmissions as a response to the NACK to provide sidelink HARQ process number. In such cases, the resources in the DCI can be identified by a CG ID. Similar to the DCI activating/de-activating SL CG type2, the 3 LSBs of the HPN can be re-interpreted as a 3-bit SL CG index and the MSB is reserved.
[bookmark: _Ref23975073]Proposal 16. For the DCI scheduling retransmission of a configured sidelink grant, it carries the configured grant ID instead of SL HARQ process ID to identify the TB for which resources for retransmission are provided.

TP7
------------------------------------------- Start of Draft TP of 212 -------------------------------------
7.3.1.4.1	Format 3_0
DCI format 3_0 is used for scheduling of NR PSCCH and NR PSSCH in one cell. 
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 clause x.x.x of [6, TS 38.214]
-	HARQ process ID – [x] bits as defined in clause x.x.x of [6, TS 38.214]
-	if the CRC of DCI format 3_0 is scrambled by SL-RNTI, this field indicates a sidelink HARQ process ID
-	if the CRC of DCI format 3_0 is scrambled by SL-CS-RNTI, 
-	if the new data indicator=0, the MSB is used to indicate activation or release as defined in subclause x.x.x of [6, TS 38.214], otherwise the MSB is reserved.
-	3 LSBs are used to indicate configuration index as defined in subclause x.x.x of [6, TS 38.214],  
-	New data indicator – 1 bit as defined in clause x.x.x of [6, TS 38.214]
-	Lowest index of the subchannel allocation to the initial transmission – bits as defined in clause x.x.x of [6, TS 38.214]
-	SCI format 0-1 fields according to clause 8.3.1.1:
-	Frequency resource assignment.
-	Time resource assignment.
-	PSFCH-to-HARQ feedback timing indicator – 3 bits as defined in clause x.x.x of [6, TS 38.214].
-	PUCCH resource indicator – 3 bits as defined in clause 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 clause 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. 
---------------------------------------------- End of Draft TP ---------------------------------------------

3.2. PUCCH
The location of the PUCCH resource is indicated relative to the last PSFCH resource which is determined based on SL timing. When SL timing and Uu timing are asynchronous, gNB cannot determine the actual location of the last PSFCH without the information of the time offset between SL timing and Uu timing. Such ambiguity may lead to UE’s misunderstanding of the PUCCH resource location, and possibly feedback failure. For example, a DCI indicating PSFCH-to-HARQ time gap=2 slots is received at Uu slot1. Based on Uu timing, the PUCCH should be in UL slot1, but if UE interprets the PUCCH resource allocation based on SL timing, the PUCCH should be in UL slot2. 
Therefore, the offset between SL timing and Uu timing should be reported to gNB to help gNB to determine the SL timing and the actual location of PSFCHs. The slot of the PUCCH should be in the first UL slot that starts no earlier than , where  is the location of the last PSFCH based on SL timing, Y2 is the offset between PSFCH and PUCCH.


[bookmark: _Ref32505867]Proposal 17. Mode-1 UE reports the offset between SL timing and Uu timing when requested by gNB.
[bookmark: _Ref32505869]Proposal 18. For mode-1, The slot of the PUCCH should be in the first UL slot that starts no earlier than , where  is the location of the last PSFCH, Y2 is the offset between the last PSFCH and PUCCH.
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16.5 UE procedure for reporting HARQ-ACK on uplink
<Unchanged parts omitted>
With reference to slots for PUCCH transmissions and for a number of PSFCH reception occasions ending in slot , the UE provides the generated HARQ-ACK information in a PUCCH transmission within in the first UL slot that starts no earlier than slot , subject to the overlapping conditions in Clause 9.2.5, where  is a number of slots indicated by a PSFCH-to-HARQ_feedback timing indicator field, if present, in a DCI format indicating a slot for PUCCH transmission to report the HARQ-ACK information, or  is provided by sl-ACKToUL-ACK.  corresponds to a last slot for a PUCCH transmission that would overlap with the last PSFCH reception occasion.
[bookmark: _Hlk32329508]---------------------------------------------- End of Draft TP ---------------------------------------------

3.3. DCI content
A new DCI format, i.e., DCI format 3_0 is introduced in NR Uu to schedule the sidelink transmission. 
The following fields have been agreed, and there are some related issues to be discussed:
· Time gap between DCI and the first SL transmission
The bit size of the time gap remains FFS. This field is similar to the X discussed in the inter-RAT case, similarly, 3 bits would be sufficient.
· HPN and NDI
· Lowest index of subchannel of the 1st TX
· TF-RA in format for SCI
· PSFCH-to-HARQ feedback timing indicator
· Configuration index
This field is present only when UE is configured to monitor DCI 3_0 scrambled by SL-CS-RNTI. Since RAN2 agreed that up 8 configured sidelink grant, 3 bits are required. 
In addition to the fields that have been agreed, the following fields should be considered:
· Cross-carrier indicator
Even though the WID scope has been restricted as a single CC case for NR sidelink, for the sake of further extension, a cross-carrier indicator should be included to support multi-carrier scheduling in the later releases.
· Resource pool indicator
For dynamic grant, DCI indicates the TF-RA (time-frequency resource allocation) with the signalling format used for SCI. Since many transmission parameters, e.g., sl-MaxNumPerReserve(NMAX) and sl-NumSubchannel, are configured per resource pool, the number of T-FRA bits and hence DCI sizes thereby differ between different resource pools. For example, the larger sl-NumSubchannel, the larger the number of bits for FDRA purposes. In addition, a resource pool with NMAX = 3 requires 4 more TDRA bits than a resource pool with NMAX = 2.
However, we also agreed the principle that the DCI size for SL needs to be aligned with one legacy Uu DCI to save the blind decoding efforts and size budget, which means the DCI size assumed when scheduling different resource pools in the same SL BWP should be the aligned as well. 
To maintain the same SL DCI size, the SL DCI size should be determined by the largest NMAX and the largest sl-NumSubchannel configured. One straightforward way of ensuring such size alignment between different pools is to perform zero-padding for each DCI field, e.g., the FDRA field in a DCI format 3_0 scheduling transmission in a resource pool with smaller number of subchannel should be padded to match the size of the FDRA field for a resource pool with the largest number of subchannel in the same SL BWP. A similar transformation is also required for resource pools with different NMAX values. Alternatively, ‘0’ bits can be appended to the end of the last useful information field instead of each DCI field to meet the size requirement.
Naturally, a field indicating which resource pool the DCI intends for should be included in SL DCI to help UE identify how to interpret the SL DCI field.
We summarize the field sizes in Table 3 based on the following assumptions:
· Case 1: minimum initial bwp=24 RB
· Case 2: maximum initial bwp=96 RB
· sl-MaxNumPerReserve is the maximum number of transmissions scheduled by SCI, donated as Nmax, sl-MaxNumPerReserve=2 or 3 depending on the corresponding resource pool
· sl-NumSubchannel is the number of subchannel in a resource pool, max(sl-NumSubchannel)=27
· UE is configured to monitor DCI format 3_0 scrambled by SL-CS-RNTI and DCI format 3_0 scrambled by SL-RNTI
[bookmark: _Ref16006955]Table 3. Content of DCI format 3_0
	Field
	Format 1-0 in CSS
	Format 3_0

	CIF
	0 bit
	3 bits

	DCI identification
	1 bit
	–

	UL/SUL
	–
	–

	BWP indicator
	–
	–

	FDRA

	Case 1: 9 bits
Case 2: 13 bits
	–

	SLIV
	4 bits
	–

	Gap between 1st tx and DCI
	
	3 bits

	starting sub-channel for initial PSCCH: 
	-
	Log2(27)= 5 bits

	SCI TDRA
	
	If Nmax = 2: 5 bits
If Nmax = 3: 9 bits

	SCI FDRA
	
	If Nmax = 2: 9 bits
If Nmax = 3: 13 bits

	VRB-to-PRB mapping
	1 bit
	–

	Frequency hopping
	–
	–

	NDI
	1 bit
	1 bit

	RV
	2 bis
	0 bits

	Uu HARQ Process ID
	4 bits
	–

	SL HARQ Process ID or
Activation/de-activation+ Configured grant ID
	–
	4 bits

	SAI
	2 bits
	0, 2, 4 bits

	CBGTI
	–
	–

	Timing for HARQ-ACK
	3 bits
	3 bits

	PUCCH for HARQ-ACK report
	3 bits
	3 bits

	Pool id
	0 bits
	4 bits

	Multi-antenna related parameter
	–
	–

	Power control
	2 bits
	–

	DCI size of case 1

	Case1: 37 bits
Case2: 41 bits
	If Nmax = 2:  40-44 bits
If Nmax = 3:  48-52 bits


From Table 3, it is noted that DCI format 3_0 size is quite larger than fallback DCI in CSS. Since the granularity of FDRA in DCI format 3_0 can be much larger than that of fallback DCI format, it is not appropriate to align DCI format 3_0 with fallback DCI format by FDRA truncation. On the other side, fallback DCI is mainly used for scheduling cell-specific message such as SIB, if fallback DCI format is padded with zeros to align with DCI format 3_0, the coding rate will increase, thus leading to narrowed Uu coverage. Therefore, non-fallback DCI is a better choice for size alignment.
[bookmark: _Ref23975119][bookmark: _Ref32599808][bookmark: _Ref4859106]Proposal 19. DCI format 3_0 includes CIF and resource pool ID.
[bookmark: _Ref32599809]Proposal 20. The size of DCI format 3_0 should be aligned with DCI format 0_1 monitored in a UE-specific search space on the same serving cell.
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7.3.1.4.1	Format 3_0
If the UE is configured to monitor DCI format 3_0 mapped onto a given search space for a serving cell, and the payload size of DCI format 3_0 is different from the size of the DCI format 0_1 monitored in a UE-specific search space for the same serving cell, a number of zero-padding bits are generated for the smaller DCI format between the DCI format 3_0 and the DCI format 0_1 until the payload size equals that of the larger one.
---------------------------------------------- End of Draft TP ---------------------------------------------

4. Other
In the case of LTE controlling NR sidelink, UE obtains a LTE TDD UL/DL configuration from eNB, then it would have to transform it into a configuration in NR TDD format and then set the TDD-configSL in PSBCH to the transformed configuration. However, TDD UL/DL configuration of LTE and NR are defined in quite different ways, including periodicity and signaling structure, such transformation requires additional UE complexity and a specification effort. Instead, eNB should provide a TDD UL/DL configuration similar to NR DL-Flexible-UL patterns for inter-RAT sidelink resource configuration to avoid the transformation at the UE side.
[bookmark: _Ref4943332]Proposal 21. In the case of LTE Uu controlling NR sidelink, eNB should send a TDD configuration (similar to the TDD UL-DL-ConfigurationCommon in NR) to NR sidelink UE.

5. Conclusion
[bookmark: _GoBack]In this contribution, we discuss some remaining issues on NR sidelink mode-1 scheduling and have the following observations and proposals: 
Observation 1. If UE doesn’t transmit any feedback for an unused configured grant, gNB can’t identify that the HARQ-ACK bit(s) in the PUCCH corresponds to a configured grant or dynamic scheduling when the PUCCH is shared for sidelink HARQ-ACK reporting for both configured grant and dynamic scheduling.

Proposal 1. From the perspective of a TX UE, there are N PSCCH/PSSCH slots associated with a PSFCH occasion, where N is the PSFCH period. Hence, N-bit HARQ-ACK reporting is required for each last PSFCH candidate occasion in the type-1 HARQ-ACK codebook.
Proposal 2. For each bit in the N-bit HARQ-ACK reporting for a last PSFCH candidate occasion in type-1 HARQ-ACK codebook, if an associated PSCCH/PSSCH slot is used for PSCCH/PSSCH transmission by the TX UE, the TX UE should set the HARQ-ACK bit based on the corresponding PSFCH reception, if not, TX UE sets the bit to NACK value.
Proposal 3. Type-1 sidelink HARQ-ACK codebook is generated based on the candidate occasion of last PSFCH, PSFCH period N, and configured {Y2} values, where {Y2} is a set of time offset between candidate last PSFCH and PUCCH by RRC.
Proposal 4. For a PUCCH at slot n for sidelink HARQ-ACK reporting, a TX UE constructs the type-1 sidelink HARQ-ACK codebook with the following steps:
· Step1. Determining a set of slots in sidelink SCS corresponding to each n-Y2 value, where Y2 is the value in the set of candidate PSFCH-to-HARQ timing values configured byRRC
· Step2. For each slot in the slot set determined in step1, if the slot is sidelink slot and the slot is configured with PSFCH, N HARQ-ACK bits are generated based on step3, otherwise (e.g., the slot is Uu slot or the slot is sidelink slot without PSFCH) N bits NACK are generated.
· Step 3. For each bit in the N HARQ-ACK bits for the sidelink slot containing PSFCH, if the bit is associated with a transmitted PSCCH/PSSCH by the TX UE, generate a HAQR-ACK bit based on the corresponding PSFCH reception as defined in 38.213 16.5; if the associated PSCCH/PSSCH occasion is not used for transmission by the TX UE, set the corresponding bit to NACK. 
Proposal 5. For a sidelink configured grant, if 1 sidelink HARQ-ACK bit is generated based on the PSFCH decoding and if codebook type= type-1, N-1 HARQ-ACK bits (e.g., N-1 NACK) should be reported together with the determined sidelink HARQ-ACK bit.
Proposal 6. If UE is configured with more than one DL cell to monitor SL DCI, the SL DCI carries cSAI indicating the index of currently received SL DCI, and tSAI indicating the total number of SL DCI up to this point in time; if UE is configured with one DL cell to monitor SL DCI, the SL DCI carries cSAI for SL; if no PUCCH is provided, the SL DCI carries no SAI.
Proposal 7. For a PUCCH at slot n for sidelink HARQ-ACK reporting, Type-2 sidelink HARQ-ACK codebook is constructed with the following steps:
· Step1. Determining an associated set of DCI monitoring occasion as the monitoring occasions carrying SL DCI in which the PUCCH is indicated for HARQ-ACK reporting based on PSFCH-to-HARQ timing in DCI.
· Step2. Concatenating the HARQ-ACK bits corresponding to received SL DCIs for dynamic scheduling in ascending order of the monitoring occasion indexes, where lower index corresponds to earlier PDCCH.
· Step3. If there is a HARQ-ACK bit corresponding to transmission(s) on SL configured grants, the bit is appended to the HARQ-ACK bits generated in step2.
Proposal 8. When TX UE does not detect some expected PSFCH in groupcast option2, NACK should be reported to gNB.
Proposal 9. If all resources within a period of a configured grant are unused, ACK should be reported to gNB.
Proposal 10. If the maximum number of HARQ re-transmissions for a TB on a SL CG is reached and PUCCH is configured for the SL CG, UE should transmit the PUCCH to report SL FB, and it is up to UE to decide the SL HARQ-ACK bit for the CG.
Proposal 11. The periodicity and the offset of SL CG should be defined in the physical unit, where the offset is the time offset of a SL CG resource with respect to DFN = 0.
Proposal 12. For SL CG type1, the slot of the first sidelink transmission is the first sidelink slot of transmission occasion of the CG that starts not earlier than RRC reception timing.
Proposal 13. It is up to TX UE to decide the HARQ process ID and RV pattern of the transmission occasion of a sidelink configured grant.
Proposal 14. At least separated activation/de-activation of different Type2 configured sidelink grants is supported.
Proposal 15. For the DCI activating or releasing an SL CG type2, MSB of the HPN field is used for activation/release indication, 3 LSBs of the HPN field indicate the index of the SL CG to be activated/released.
Proposal 16. For the DCI scheduling retransmission of a configured sidelink grant, it carries the configured grant ID instead of SL HARQ process ID to identify the TB for which resources for retransmission are provided.
Proposal 17. Mode-1 UE reports the offset between SL timing and Uu timing when requested by gNB.
Proposal 18. For mode-1, The slot of the PUCCH should be in the first UL slot that starts no earlier than , where  is the location of the last PSFCH, Y2 is the offset between the last PSFCH and PUCCH.
Proposal 19. DCI format 3_0 includes CIF and resource pool ID.
Proposal 20. The size of DCI format 3_0 should be aligned with DCI format 0_1 monitored in a UE-specific search space on the same serving cell.
Proposal 21. In the case of LTE Uu controlling NR sidelink, eNB should send a TDD configuration (similar to the TDD UL-DL-ConfigurationCommon in NR) to NR sidelink UE.
References
[1] [bookmark: _Ref510260424][bookmark: _Ref1046409]RAN1#99 chairman note.
image3.emf
N=4 K=2 UL SCS=SL SCS=30kHz

slot n

SL SCS S S S S F S S S S F S S S S F S S S

UL SCS Y2=15Y2=14Y2=13 Y2=11Y2=10 Y2=9 Y2=7 Y2=6 Y2=5 Y2=3 Y2=2 Y2=1

S S S

S S S

PSFCH occasion at n-8

PSFCH occasion at n-4

4 PSSCH occasions associcated with PSFCH occaion at n-8

4 PSSCH occasions associcated with PSFCH occaion at n-4

PUCCH

S F

S

F

Y2=12 Y2=8 Y2=4 Y2=0


image4.emf
N=4 K=2 UL SCS=30kHz, SL SCS=15kHz

SL SCS S F S F S

PUCCH

UL SCS Y2=19Y2=18Y2=17Y2=16Y2=15Y2=14Y2=13Y2=12Y2=11Y2=10 Y2=9 Y2=8 Y2=7 Y2=6 Y2=5 Y2=4 Y2=3 Y2=2 Y2=1 Y2=0

4 PSSCH occasions associcated with PSFCH occaion at n-8 PSFCH occasion at n-8

S

S S F S S

S S S S S S


image5.emf
N=1 K=2 UL SCS=15kHz, SL SCS=30kHz

S F S F S F S F S F S F S F S F

PUCCH

slot n-Y2 contians two PSFCH

occasions



F

S



F

S

S F

S F

Y2=4 Y2=3 Y2=2 Y2=1 Y2=0


image6.emf
N=4 K=2 UL SCS=15kHz, SL SCS=60kHz

11 9 7 5 3 1

SL SCS S S F S S F S S F S S F S S F

UL SCS

S S F

S

0

slot n-Y2 contians two PSFCH occasions

S F

Y2=1 Y2=0



PUCCH

6 4 2

Y2=2

10 8


image7.emf
DL DCI

(2,2)

SL DCI

(1,1)

SL DCI

(2,2)

DL DCI

(1,2)

DL DCI

(3,3)

DL DCI

(4,4)

CC1

CC2

cDAI     tDAI

cSAI     tSAI


Microsoft_Visio___.vsdx
DL DCI
(2,2)
SL DCI
(1,1)
SL DCI
(2,2)
DL DCI
(1,2)
DL DCI
(3,3)
DL DCI
(4,4)
CC1
CC2
cDAI     tDAI
cSAI     tSAI



image8.wmf
c


oleObject1.bin

image9.wmf
n


oleObject2.bin

image10.wmf
n


oleObject3.bin

image11.wmf
n


oleObject4.bin

image12.wmf
ACK

O

ACK

ACK

ACK

o

o

o

1

1

0

~

,...,

~

 

,

~

-


oleObject5.bin

image13.wmf
ACK

O


oleObject6.bin

image14.wmf
DL

cells

N


oleObject7.bin

image15.wmf
c


oleObject8.bin

image16.wmf
SR

O


oleObject9.bin

image17.wmf
CSI

O


oleObject10.bin

image18.emf
Uu slot1 Uu slot2 (Uu timing) (Uu timing)

(SL timing) (SL timing)

SL 1

ST

 TX

(actual)

SL 2

ND

 TX

(actual)

PUCCH allocation based on SL timing.

Offset

(Uu timing) (Uu timing)

F

gap=2slot

(SL timing)

DCI received: time gap between 

DCI and 1

ST

 TX =2 slots

(SL timing)

PUCCH allocation based on Uu timing. N=K=2

UL slot1

PUCCH

(SL timing)

F

associated

2 slots Offset

gap=2slot

UL slot2


Microsoft_Visio___1.vsdx
Uu slot1
Uu slot2
(Uu timing)
(Uu timing)
(SL timing)
(SL timing)
SL 1ST TX
(actual)
SL 2ND TX
(actual)

PUCCH allocation based on SL timing.
Offset
(Uu timing)
(Uu timing)

F
gap=2slot
(SL timing)
DCI received: time gap between DCI and 1ST TX =2 slots
(SL timing)
PUCCH allocation based on Uu timing. N=K=2

UL slot1

PUCCH
(SL timing)

F
associated
2 slots
Offset
gap=2slot
UL slot2



image1.png
T X T +m X Ty
TpL — 2 XTc




image2.emf
S S F S S S S F

slot1 slot3 slot4 slot5

N=4 K=2

slot2 slot6


