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1	Introduction
In this paper we discuss issues related to Mode-1 resource allocation. The paper is organized in a similar way as the feature lead summary in [1].
Given that it is desirable to identify all RRC parameters in this meeting, we have included a note following each proposal where we expect possible impact.
[bookmark: _Ref178064866]2	General aspects
2.1	Grant identification
In NR, multiple simultaneous HARQ processes may be used between UE and gNB for UL transmission. Each grant is associated with a HARQ process ID. Together with the NDI flag, the HARQ process ID allows the gNB to know which TB is transmitted in each granted resource. This is useful for the gNB, not only because it is the receiver of the transmission, but also for managing the resources (e.g., knowing how many times each TB has been transmitted, etc.).
Now consider the following situation for Mode-1 sidelink (see Figure 1):
1. The UE gets data in the buffer corresponding to LCH1 and it triggers the corresponding SR procedure.
2. [bookmark: _Ref20491962]The UE sends the corresponding BSR to the gNB.
· The BSR only contains information about the data in LCH1.
3. [bookmark: _Ref20492209]The UE gets a SL grant from the gNB for transmission
· The UE builds TB1, which carries only data from LCH1. 
4. The UE transmits TB1 on the granted resource.
· Sidelink transmission fails (e.g., NACK is received).
5. The UE forwards the NACK to the gNB.
6. The UE gets new data in the buffer corresponding to LCH2 and it triggers the corresponding SR procedure.
· LCH2 has higher priority than LCH1.
7. [bookmark: _Ref20493331]The UE gets a new SL grant from the gNB for transmission.
At this point, the UE has data to transmit from two LCHs. When it receives the grant, it needs to know which data to transmit (i.e., TB1 carrying data from LCH1 or a newly built TB2 carrying data from LCH2). Similarly, the gNB also needs to know which data is transmitted in the resource provided by the grant in Step 7. Otherwise, it cannot know how to dimension future allocations, how many times a TB has been transmitted, etc. 
[image: ]
[bookmark: _Ref20927942]Figure 1. Signaling between TX UE and gNB and RX UE.
[bookmark: _Toc24151960]UE and gNB must have common understanding of which TB is transmitted in each grant.
Note that a simple binary flag indicating ‘new transmission’ or ‘retransmission’ is necessary but not enough   unless Mode 1 is restricted to using a single grant at the time. In our view, the most reasonable thing is to reuse HARQ process ID and NDI fields for this purpose.
Note also that this requirement is for both dynamic and configured grants, as additional gNB scheduled retransmissions will always use dynamic grants. That is, a dynamic grant must be able to identify the configured grant for which it is providing an additional retransmission resource.
[bookmark: _Ref20494824][bookmark: _Toc24151922][bookmark: _Ref21340569]Dynamic and configured grants are associated with a HARQ process ID. 
[bookmark: _Ref20494831][bookmark: _Toc24151923]DCI for a dynamic grant carries an NDI flag. 
Note: Proposal 1 may have impact on RRC parameters.
3	Dynamic grant
In this section, we discuss the issues related to Mode-1 dynamic grants.
3.1	Number of transmissions per dynamic grant
Retransmissions play a very important role in sidelink to mitigate half-duplex and in-band emission problems. NR supports much larger number of retransmissions (blind or HARQ-based) than LTE. However, the signaling capabilities are limited to Nmax = 3 reservations per SCI, including the current transmission. To accommodate a larger number of retransmissions, a sliding window approach can be used. 
In uplink/downlink, it is possible to configure the use of retransmissions (using RRC). That is, each grant is repeated over K consecutive slots. This approach is, unfortunately, not suitable for sidelink as it would lead to persistent half-duplex problems; it is necessary that the gNB has the possibility to schedule different sets of slots to different UEs. For simplicity, for Mode-1 we propose to follow the same approach. That is,
· One DCI may schedule multiple transmissions of a TB by providing the corresponding reservation fields from SCI.
· Additional resources for retransmission may be provided with a new DCI.
An example of operation is illustrated in Figure 2:
· The first DCI has ND=1 and grants resources for 4 transmissions of the TB (in gray). Each transmission reserves the subsequent ones.
· Prior to the fourth transmission, a new DCI with ND=0 arrives, granting resource for two further transmissions of the TB (in blue). Again, each transmission reserves the subsequent ones, including reservation of the resources provided by the second DCI by the transmissions in the first DCI.
· After the 6th transmission, a new DCI arrives with ND=1, granting resources for two transmission of a new TB.
[image: ]
[bookmark: _Ref23755616]Figure 2. 
[bookmark: _Toc24151961]The use of consecutive repetitions (like in PDSCH or PUSCH) leads to severe half duplex issues.
[bookmark: _Toc24151924]For dynamic grant, the DCI provides resources by including the starting RB of the first transmission and the resource reservation fields to be transmitted in SCI.
· [bookmark: _Toc24151925]The gNB may allocate further resources by providing a DCI with ND=0.
· [bookmark: _Toc24151926]The UE uses the reservation field to reserve the resources granted by the gNB for that TB.
3.2	HARQ operation
[bookmark: _Hlk20729110]Given that RAN1 agreed that a single dynamic grant may provide resources for multiple transmissions of the same TB, it is necessary to define how many PUCCH resources are scheduled (cf. Issue 10.3 in [1]). In this regard, we find the following two extreme possibilities:
· Option 1. A dynamic grant schedules a single PUCCH resource for conveying SL HARQ feedback to the gNB. The PUCCH resource comes after the last transmission of the TB scheduled by the dynamic grant. This is illustrated by Figure 3 (left). 
· Option 2. A dynamic grant schedules an independent PUCCH resource for conveying SL HARQ feedback to the gNB after each transmission of the TB scheduled by the dynamic grant. This is illustrated by Figure 3 (right).
[image: ]
[bookmark: _Ref20296902]Figure 3. Option 1 (left) includes a single PUCCH resource per dynamic grant. Option 2 (right) includes an independent PUCCH resource for each SL transmission scheduled by a dynamic grant.
Option 1 is simple and indeed quite flexible. For example, if each DCI schedules a single SL transmission, then Option 1 can be turned into Option 2 at the expense of transmitting additional PDCCH(s) carrying the corresponding dynamic grants.
Although apparently attractive in terms of latency and flexibility, Option 2 suffers from multiple issues. For example, it is unclear how the system would operate if a dynamic grant schedules multiple consecutive sidelink transmissions. In addition, unless each PUCCH resource can be independently signalled in DCI, incurring in large overhead, Option 2 reduces the flexibility at the gNB for scheduling PUCCH resources. Finally, for Option 2 to be useful in terms of system-level resource utilization, the different sidelink transmissions need to be sufficiently spaced (to include not only PUCCH resources but also potential PDCCH resources to re-utilize the unused resources).
Consequently, we propose to support Option 1 only.
[bookmark: _Toc24151927]A dynamic grant schedules a single PUCCH resource for conveying SL HARQ feedback to the gNB. The PUCCH resource comes after the last transmission of the TB scheduled by the dynamic grant.
Now, consider the following agreement from RAN2#107 [2]:
	Agreements on SLRB configuration: 
1-3: Cast type is considered as one of the SLRB parameters for common configuration via SIB/preconfiguration.


It follows from this RAN2 agreement and the one-to-one mapping between SLRB and LCH that cast type is configured for each LCH. Given this, our view is that SL HARQ feedback configuration (i.e., whether to use SL HARQ feedback or not and, for groupcast, etc.) should be configured per LCH (or equivalently per SLRB).
[bookmark: _Toc24151962]The SL HARQ feedback configuration should be per LCH.
Consider now the typical steps for scheduling a sidelink transmission in Mode 1:
1. In response to having data in the MAC buffer, the UE sends a BSR, possibly by first triggering an SR.
· The BSR contains LCG IDs, which indicate to the gNB the cast type, and destination ID.
2. The gNB provides a grant to the UE.
· As agreed in RAN1#98, the grant indicates the PUCCH resources used by the (transmitter) UE for conveying SL HARQ feedback to the gNB.
· Note that a grant is not associated with a specific LCH or LCG. Instead, given the grant the UE multiplexes the different LCHs according to the multiplexing procedures.
3. [bookmark: _Ref20469332]The UE generates the TB and transmits on the granted resources.
4. [bookmark: _Ref20469349]If SL HARQ feedback is used, the UE attempts to decode PSFCH in the corresponding resources.
The UE needs to know whether the grant provided by the gNB includes PSFCH resources or note for several reasons:
· To generate the TB (i.e., Step 3), the UE needs to multiplex the logical channels correctly (e.g., if PSFCH is not available, the UE should avoid multiplexing transmission requiring SL feedback).
· The UE needs to know whether the gNB expects SL HARQ feedback in PUCCH or not (i.e., Step 4).
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Ref20469935][bookmark: _Toc24151963]The UE needs to know whether the grant provided by the gNB is for SL transmission with/without HARQ feedback. 
To achieve this, we see two alternative options:
· Option 1: the grant indicates whether PUCCH resources for conveying HARQ ACK to the gNB are scheduled or not.
· If the grant includes PUCCH resources, then the sidelink uses HARQ feedback for the TB.
· If the grant does not include PUCCH resources, then the sidelink does not use HARQ feedback for the TB.
· Option 2: the grant always schedules PUCCH resources for conveying HARQ ACK to the gNB. The UE sends ACK or NACK, depending on whether the sidelink used HARQ feedback or not and its contents.
In our view, the first alternative is the only reasonable way to go as it makes uses of PUCCH resources only when necessary. Moreover, with option 2 it is unclear how the gNB should behave upon receiving ACK/NACK as the meaning cannot be unambiguous. 
[bookmark: _Ref20469932][bookmark: _Toc24151928]A dynamic grant indicates whether PUCCH resources for conveying HARQ acknowledgement to the gNB are scheduled or not. If the grant includes PUCCH resources, then the sidelink uses HARQ feedback for the TB. Otherwise, the sidelink does not use HARQ feedback for the TB.
Given the following agreement from RAN1#98 [5]:
	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


We believe one combination of ‘timing and resource’ can be used to signal that no PUCCH resources for conveying HARQ acknowledgement to the gNB are scheduled.
[bookmark: _Toc24151929]One combination of ‘timing and resource for PUCCH used for conveying SL HARQ feedback to the gNB’ are used to indicate that no PUCCH is scheduled.
Note: this proposal has impact on the contents of RRC parameters.
4	Configured grant
4.1	Confirmation of configured grants
In RAN1#96bis, there were discussions on the need to support confirmation of type-2 configured grants. In parallel, RAN2#105bis agreed to support this [3]:

	Agreements on SL configured grant: 
2: 	A confirmation for activation/deactivation of SL configured grant type-2 is needed. Details are FFS.



The question is then whether L1 or L2 signaling should be used for the purpose and whether RAN1 or RAN2 should take the initiative. In our view, RAN2 should be responsible of specifying this, liaising with RAN1 if necessary, for two reasons:
· It was RAN2 who first agreed to support this functionality, leaving details FFS without any mention to RAN1 in their agreements.
· NR already includes support for confirmation messages for uplink grants in the MAC specification. In our view, it is desirable to use the same procedures for SL whenever possible.
[bookmark: _Toc24151964]RAN2 has agreed that NR sidelink supports confirmation of sidelink configured grant type-2 activation/deactivation.
[bookmark: _Toc24151930]RAN1 assumes that RAN2 takes the lead in specifying the support for confirmation of sidelink configured grant type-2 activation/deactivation.
4.2	Configuration aspects
In RAN2#105bis, the following was agreed [3]:
	Agreements on SL configured grant: 
1: 	Multiple active configured sidelink grants should be supported in NR sidelink.



In our view, the agreement refers to simultaneously configured grants. In our view, the RAN1 impact is reduced to introducing the relevant fields in DCI for type-2 configured grants (see Section 6.2).
[bookmark: _Toc24151965]RAN2 has agreed that NR sidelink supports having multiple configured grants for sidelink.
In terms of supported periodicities, our view is that both type-1 and type-2 configured grants should support advanced V2X services as well as basic V2X services. In terms of periodicities, this means:
· 1, 2, 5, 10, 20, 50 ms for advanced V2X.
· 100, 200, 300, …, 1000 ms for basic V2X.
[bookmark: _Ref20951158][bookmark: _Toc24151931]For sidelink configured grant type-1 and grant type-2, the following periodicities are supported: {1, 2, 5, 10, 20, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000} ms.
Note: these two proposals have impact on RRC parameters and/or their contents.
5	Common HARQ aspects
In this section, we describe HARQ aspects that are common for dynamic and configured grants.
5.1	Multiplexing of HARQ acknowledgements
In the e-mail discussions after RAN1#98bis, the following was agreed:
	Agreements: (from [98b-NR-13] SL HARQ-ACK multiplexing)
· NR supports reporting of multiple SL HARQ-ACKs in a single PUCCH resource. 
· The Rel-15 procedures for multiplexing DL HARQ-ACKs are reutilized.
· Reports carry SL HARQ-ACKs for dynamic grants and/or configured grants. 
· A UE does not expected to be indicated to transmit SL HARQ-ACK information for more than one SL configured grant in a same PUCCH.
· Note: A UE can be provided with multiple SL CGs with different (non-overlapping) slots for the corresponding PUCCH transmissions for SL HARQ-ACK reporting.
· NR supports multiplexing of SL HARQ-ACK(s) and DL HARQ-ACK(s) in a single PUCCH resource. 
· A UE does not expected to be indicated to transmit HARQ-ACK information for SPS PDSCH receptions and SL configured grants in a same PUCCH.
· Note: A UE can be provided with multiple SL CGs/DL SPSs with different (non-overlapping) slots for the corresponding PUCCH transmissions for SL/DL HARQ-ACK reporting.
· The PUCCH resource used for reporting the multiplexed HARQ-ACKs is determined by the last DCI among all DCIs associated with the reported HARQ-ACKs (e.g., carrying a SL grant, scheduling a PDSCH, etc.).
· FFS whether the DL HARQ-ACK PUCCH resource set(s) or the SL HARQ-ACK PUCCH resource set(s) is used.
· For SL HARQ-ACK reporting, both Type-1 and Type-2 codebook are supported: 
· The same codebook type is used for SL HARQ-ACK and DL HARQ-ACK reporting.
· [bookmark: _Hlk24145677]SL HARQ-ACK bits are generated using the Rel-15 procedures and concatenated to the DL HARQ-ACK bits, which are independently generated using the corresponding procedures. 
· FFS changes or restrictions to the Rel-15 procedures for generating the SL HARQ-ACK bits.
· FFS other details on how the codebook(s) are constructed
· SL HARQ-ACK is reported in PUSCH when reporting in PUCCH overlaps with a PUSCH transmission. 
· The Rel-15 procedures and signaling for multiplexing DL HARQ-ACKs in PUSCH are reutilized.


In this section we discuss the issues left FFS by the above agreements.
5.1.1	Multiplexing of SL HARQ acknowledgements 
For DL HARQ acknowledgements, NR provides a framework for transmitting multiple DL HARQ acknowledgements in UL. Multiplexing can be done using a semi-static (Type-1) codebook or a dynamic (Type-2) codebook.
The semi-static (Type-1) codebook is configured based on a few RRC parameters (number of carriers, CBG configuration, configured PDSCH-to-HARQ_feedback timing values, etc.). In TS 38.213, two procedures are described in terms of pseudo code to generate the codebook:
· The first pseudo-code determines a set of occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in PUCCH (for an active cell, and a DL-BWP, and an UL-BWP).
· The second pseudo-code determines the HARQ-ACK information bits (for the serving cells configured for the UE). 
The legacy codebook for DL HARQ acknowledgements can be described as a table where rows correspond to cells/CBGs/TBs and columns correspond to configured K1 values. Each of the entries in the table corresponds to a potential scheduling of a TB (or CBG). ACK is used if the TB (or CBG) was correctly decoded and NACK is used otherwise. 
As agreed, the SL HARQ-ACK bits are generated using the Rel-15 procedures. To this end, the following changes are necessary to the procedure:
· Determine candidate PDCCH occasions carrying DCI dynamic grant or PDCCH releasing SPS configured grant type-1.
· Codebook size is determined by PDCCH-to-PUCCH configured values (see Section 5.3).
Some simplifications to the procedure are possible. For example, HARQ-ACK spatial bundling is not necessary, single HARQ-ACK bit is reported, etc. In addition, it may also be reasonable to restrict SL scheduling to come from a single DL carrier.
[bookmark: _Toc24151932]For Type-1 codebook:
· [bookmark: _Toc24151933]UE determines occasions for candidate PDCCH receptions carrying SL grant or PDCCH releasing SPS configured grant type-1 with PUCCH in the same slot based on PDCCH-to-PUCCH configured values.
· [bookmark: _Toc24151934]For each candidate, one HARQ-ACK bit is reported.
[bookmark: _Ref20778791]Table 1. Semi-static (Type-1) codebook for conveying multiple SL HARQ acknowledgements in UL.
	Sidelink
	PDCCH-to-PUCCH values (SL)

	
	Value A
	Value B
	Value C

	
	SL codebook


The dynamic (Type-2) codebook is determined based on the monitoring occasions for DCI formats correctly received in a corresponding PDCCH monitoring occasion and that indicate transmission of HARQ acknowledgements in a given PUCCH slot (i.e., through PDSCH-to-HARQ_feedback timing and K0 values). In addition, at the end of the codebook, the HARQ acknowledgements for SPS PDSCH receptions are added. 


As agreed, the SL HARQ-ACK bits are generated using the Rel-15 procedures. To this end, the following changes are necessary to the procedure:
· [bookmark: _Hlk24146261]Monitor occasions for PDCCH with the corresponding SL dynamic grant or PDCCH releasing SL configured grant type-1.
· Timing is given by PDCCH-to-PUCCH gap signalled in DCI (see Section 5.3).
As for type-1, some simplifications to the procedure are possible. Again, it may also be reasonable to restrict SL scheduling to come from a single DL carrier.
[bookmark: _Toc24151935]For Type-2 codebook:
· [bookmark: _Toc24151936]UE monitors occasions for PDCCH carrying SL grant or PDCCH releasing SL configured grant type-1 with PUCCH in the same slot based on PDCCH-to-PUCCH gap signalled in DCI.
· [bookmark: _Toc24151937]For each PDCCH occasion at most one HARQ-ACK bit is reported.


[bookmark: _Ref20828210]Table 2. Dynamic (Type-2) codebook for conveying multiple SL and DL HARQ acknowledgements in UL.
	HARQ-ACK bits for SL

	HARQ-ACK bits corresponding to received DCI scheduling SL transmission or releasing SL Type-2 configured grant
	HARQ-ACK bits corresponding to received DCI scheduling SL transmission or releasing SL Type-2 configured grant


5.1.2	Multiplexing of SL and DL HARQ acknowledgements 
For both codebook types, it is necessary to define a rule that determines which PUCCH configuration is to be used for reporting to the gNB. In our view, the last received DCI should determine the PUCCH configuration to use. That is, if DCI scheduling SL is received last, then the PUCCH configuration for SL should be used. If they happen at the same time, then the SL configuration is used. Note that in practice, most often the DL configuration will be used due to the longer timeline for SL (DCI-PSCCH/PSCCH-PSFCH-PUCCH) than for DL (DCI-PDSCH-PUCCH). In any case, it is up to the NW to establish appropriate configurations. 
[bookmark: _Toc24151938]For HARQ-ACK reports multiplexing DL and SL HARQ-ACKs, whether DL or SL PUCCH configuration is used for HARQ-ACK reporting is determined by the most recently received DCI (i.e., DL or SL). If both are received at the same time, then SL PUCCH configuration is used.

As agreed, SL HARQ-ACK bits are generated using the Rel-15 procedures and concatenated to the DL HARQ-ACK bits, which are independently generated using the corresponding procedures. That is, there is no interaction between the two codebooks. 
For type-1 codebook, this implies that: 
· It is not necessary that DL and SL have the same K1 / PDCCH-to-PUCCH values.
For type-2 codebook, this implies that:
· Independent DAI counters are used for DCI for DL and DCI for SL.
[bookmark: _Toc24151939]For Type-2 codebook when multiplexing DL and SL HARQ-ACKs:
· [bookmark: _Toc24151940]Independent DAI counters are used for DL and SL HARQ-ACKs.
[bookmark: _Ref20779115][bookmark: _Ref20827245]Table 3. Semi-static (Type-1) codebook for conveying multiple DL and SL HARQ acknowledgements in UL obtained by concatenating the DL and SL codebooks.
	Downlink
	Cell/CBG/TB index
	K1 values
	PDCCH-to-PUCCH values (SL)
	Sidelink

	
	
	Value 1
	Value 2
	Value 3
	Value A
	Value B
	

	
	#1
	DL codebook
	SL codebook (new)
	Sidelink carrier

	
	#2
	

	
	#3
	



Table 4. Dynamic (Type-2) codebook for conveying multiple SL and DL HARQ acknowledgements in UL. The new codebook consists of the concatenation of the legacy codebook with the HARQ-ACK bits for SL.
	Codebook for DL
	HARQ-ACK bits for SL

	HARQ-ACK bits corresponding to received DCI scheduling PDSCH or releasing SPS 
	HARQ-ACK bits corresponding to DL SPS
	HARQ-ACK bits corresponding to received DCI scheduling SL transmission or releasing SL Type-2 configured grant
	HARQ-ACK bits corresponding to SL configured grant (Type-1, Type-2) transmissions


5.2	UE behaviour
In [98b-NR-12], the following was agreed:
	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. 
· [bookmark: _Hlk23455568]FFS behavior when TX UE does not detect some expected PSFCH.
· FFS the case with PSFCHs corresponding to multiple PSCCH/PSSCH transmissions before generating the HARQ-ACK report. 
· 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.


In the following, we discuss the different issues left FFS by the above agreements.
For groupcast option 1, the current agreements would result in ACK being reported to the gNB if the TX UE does not transmit PSCCH/PSSCH or if it does not receive PSFCH due to prioritization. This would result in the UE not being granted more resources for transmission of that TB although it would require them. 
[bookmark: _Toc24151941]If prioritization rules in the UE result in dropping a PSCCH/PSSCH transmission or not being able to receive a PSFCH, the TX UE reports NACK to the gNB.
The LS by SA2 [6] states that the V2X application layer provides “a group size” and “a member ID”. Our understanding is, thus, that the TX UE has a way to determine the total number of RX UEs (i.e., the group size minus one). However, the TX UE has no way to determine the member IDs of each of the RX UEs. In addition, it is also reasonable to conclude that the TX UE has no means to determine which PSFCH resource is used by which UE. Thus, we observe that:
· If the TX UE knows (e.g., by design) that each of the RX UEs uses a different PSFCH resource, then the TX UE can determine that some expected PSFCH is not detected (e.g., by blindly testing for all PFSCHs).
· On the other hand, if the TX UE has no knowledge at all about the use of the PSFCH resources, then the TX UE cannot determine all cases in which some expected PSFCH is not detected.
Note also that if the group size is large enough, some RX UEs will necessarily share a PSFCH resource.
[bookmark: _Toc24151966]The TX UE cannot determine which PSFCH resources are used by the different RX UEs. Moreover, in many cases it is not even possible to guarantee that the TX UE knows that each of the RX UEs uses a different PSFCH.
For groupcast, if the TX UE cannot know which PSFCH resource is used by each RX UE, it also becomes complicated to define what an “expected PSFCH” is.
[bookmark: _Toc24151942]For groupcast option 2, no UE behavior is specified for the case that the TX UE does not detect some expected PSFCH.
For case with PSFCHs corresponding to multiple PSCCH/PSSCH transmissions before generating the HARQ-ACK report, which was also left FFS, our view is that the TX UE should also use the most recent PSFCH occasion (like for unicast and groupcast). In this way, the TX UE sends ACK/NACK based on the already-agreed conditions. 
[bookmark: _Toc24151943]For groupcast option 2, when generating the HARQ-ACK report for the transmissions corresponding to a grant, the TX UE uses the most recent PSFCH occasion associated with the transmissions.
Regarding the case that no PSCCH/PSSCH is transmitted in a set of resources for configured grant, we distinguish three cases.
· For groupcast option 1, the existing agreement would result in ACK being conveyed to the gNB because no PSFCH would be detected.
· For unicast and groupcast option 2, there would be no “PSFCH occasion associated with the transmissions” and, consequently, the behavior is unclear. We propose to report ACK in that case.
[bookmark: _Toc24151944]For unicast groupcast option 2, the TX UE reports ACK to the gNB if no PSCCH/PSSCH is transmitted in a set of resources for configured grant
5.3	Signaling and configuration aspects
The following was agreed in RAN1#98bis:
	[bookmark: _Hlk23504707]Agreements:
For reporting SL HARQ-ACK to the gNB: 
· For dynamic grant and configured grant type-2 in SL, the Rel-15 procedure and signalling for DL HARQ-ACK are reused for the purpose of selecting PUCCH offset/resource and format in UL. 
· The configuration for SL is separate from Uu link for a UE
· FFS how to indicatae timing of transmission in PUCCH, including whether physical or logical slots are used
· For configured grant type-1 in SL, RRC is used to configure PUCCH offset/resource and format in UL (if supported)


In our view there are two issues to discuss regarding the timing of transmission in PUCCH: what is exactly signaled (e.g., DCI to PUCCH gap, etc.) and whether physical or logical slots are used.
For the first issue, there are two alternatives signaling DCI-to-PUxCH gap or signaling PSFCH-to-PUxCH gap (it is also possible to signal the PSCCH/PSSCH-to-PUxCH gap but this is conceptually the same as signaling the PSFCH-to-PUxCH gap, differing only in a known offset term (PSCCH/PSSCH-to-PSFCH).
Signaling the PSCCH/PSSCH-to-PUxCH gap uses both Uu and SL slot index. It has been known since LTE that this approach results in a timing ambiguity (see Section 6.3). Note that in this case the LTE solution, which makes use of the TA term at the UE, is not applicable because the exact value of the TA is not known at the gNB. In contrast, signaling DC
In our view, it is preferable to signal DCI-to-PUxCH uses only the Uu slot index, without any ambiguity. With this alternative, the values signaled by the gNB will be larger than if the PSCCH/PSSCH-to-PUxCH gap is signaled. However, this just requires that RAN2 specifies large-enough fields in RRC (currently, 4 bits).
Regarding the use of physical or logical slots, we propose using physical slots, given that the PSCCH/PSSCH-to-PUxCH gap only uses the Uu slot indexing. Again, sufficiently large bit-fields in RRC can avoid any problem. In this regard, 8 bit (i.e., up to 256 slots) can cover all cases of interest.
[bookmark: _Toc24151945]For HARQ-ACK reporting, the timing of transmission SL HARQ-ACK is signaled in terms of physical DCI-to-PUxCH slots.
· [bookmark: _Toc24151946]RAN2 to specify 8-bit fields for the corresponding table of values. 
6	DCI
6.1	DCI for dynamic grant and for configured grant type-2
The contents of DCI format 5A in LTE is summarized in Table 5.
[bookmark: _Ref4075800]Table 5. LTE DCI format 5A contents.
	Field
	Size

	Carrier indicator
	3 bits

	Lowest index of the subchannel allocation to the initial transmission
	< 5 bits 
(for up to 20 sub-channels)

	SCI format 1 field - Frequency resource location of initial transmission and retransmission
	< 8 bits 
(for up to 20 sub-channels)

	SCI format 1 field - Time gap between initial transmission and retransmission
	4 bits

	SL index (present only for TDD configuration 0-6)
	2 bits

	SL SPS configuration index (for SPS only)
	3 bits

	Activation/release indication (for SPS only)
	1 bit


That is, in total up to 22 information bits are carried by DCI for dynamic grant and up to 26 bits are carried by DCI for an SPS grant. Zero-padding is used to ensure that the DCI size is the same for dynamic and SPS grants. Zero padding is also used to align the size of DCI format 5A with the size of DCI format 0.
For NR, two basic DCI formats are defined: 0-0, known as the fallback format, and 0-1, known as the non-fallback format. DCI format 0-0 can configure a smaller set of parameters and, consequently, has a smaller size than DCI format 0-1, which can, in principle, configure any supported feature. We summarize the contents for each of the formats in Table 6.
[bookmark: _Ref4139403]Table 6. NR DCI contents for formats 0-0 and 0-1.
	Field
	Format 0-0
	Format 0-1

	Identifier
	
	1 bit
	1 bit

	Resource information
	CFI
	–
	0 or 3 bits

	
	UL/SUL
	0 or 1 bit
	0 or 1 bit

	
	BWP indicator
	–
	0-2 bits

	
	Freq.-domain allocation
	Variable (only type 1)
	variable

	
	Time-domain allocation
	0-4 bits
	0-4 bits

	
	Frequency hopping
	0 or 1 bit
	0 or 1 bit

	TB-related
	MCS
	5 bits
	5 bits

	
	NDI
	1 bit
	1 bit

	
	RV
	2 bis
	2 bis

	HARQ-related
	Process number
	4 bits
	4 bits

	
	DAI
	–
	1-4 bits

	
	CBGTI
	–
	0, 2, 4, or 6 bits

	Multi-antenna related
	DMRS seq initialization
	–
	1 bit

	
	Antenna ports
	–
	2-5 bits

	
	SRI
	–
	Variable

	
	Precoding information
	–
	0-6 bits

	
	PTRS-DMRS assoc.
	–
	0 or 2 bits

	
	SRS request
	–
	2 bits

	
	CSI request
	–
	0-6 bits

	Power control
	PUSCH power control
	2 bits
	2 bits

	
	Beta offset
	–
	0 or 2 bits


In RAN1#98bis, the following was agreed:
	Agreements:
· Two different UE-specific SL RNTIs are introduced for Mode-1 scheduling: one for CRC scrambling in DCI for a dynamic grant and the other one for CRC scrambling in DCI for a configured grant type-2.
· The two above DCIs have the same size


Clearly, a new DCI format is required to convey dynamic sidelink grants. In our view, it should have the same size as one of the existing DCI formats, preferably format 0-0, and the sidelink-specific will be be used to distinguish it from the existing DCI format(s).
For type-1 sidelink configured grant, activation/release is performed using RRC. In contrast, for type-2 sidelink configured grant PDCCH is used for activation/release. Like in UL, we propose to use the DCI format used for dynamic grant to activate the type-2 SL configured grant. To distinguish between dynamic and configured grants, a different RNTI may be used (e.g., C-RNTI vs CS-RNTI). Like in LTE, we propose to use zero-padding to align the sizes of DCI carrying dynamic grants and configured grants type-2.
[bookmark: _Toc24151947]A new DCI format is introduced to convey sidelink dynamic grants and for activation/release of sidelink type-2 configured grants.
· [bookmark: _Toc24151948]The size of the new DCI format is the same as one of the existing DCI formats. 
· [bookmark: _Toc24151949]Zero-padding is used to align the size of DCI carrying SL dynamic grants and for activation/release of SL configured grants type-2.
Regarding the contents of DCI, some considerations are necessary in order to support multiple simultaneously type-2 configured grants for sidelink. First, it is to identify each of the type-2 configured grants. In our view, we should follow the same approach taken in LTE and agreed for the Uu enhancements and include the identifier in DCI. Second, it is necessary to discuss the number of type-2 configured grants that can be addressed by a single DCI. This discussion has taken place multiple times in 3GPP in the context of V2X. In our view, the conclusions still hold and, thus, propose to schedule a single such grant. In addition, a quick inspection of the sizes of LTE DCI format 5A and NR DCI format 0-0 reveals that it is unlikely that a single DCI can address more than one configured grant.
[bookmark: _Toc24151950]A field in DCI identifies the type-2 configured grant that is activated/deactivated.
[bookmark: _Toc24151951]Each DCI activates/deactivates a single SL type-2 configured grant.
6.2	Contents
Considering the preceding discussion, we believe that DCI must include at least the fields in Table 7.
[bookmark: _Ref20470496]Table 7. Proposed DCI contents.
	Field
	Contents / size
	Notes

	Resource allocation
	Starting RB for first transmission
	 bits
	

	
	Starting RB for second transmission and number of allocated RBs
	 bits (as in LTE)
	Included in SCI as ‘frequency resource location of first reserved resource and number of allocated RBs’

	
	Time gap between first and second transmission
	4 bits (as in LTE) – 0 signals no reservation
	Included in SCI as ‘time gap between current transmission and first reserved resource’

	
	Time gap between first and third transmission 
	10 bits – 0 signals no reservation
	Included in SCI as ‘Time gap between current transmission and second reserved resource’

	
	Starting RB for third transmission 
	 bits
	Included in SCI as ‘Starting RB for second reserved resource’

	HARQ feedback
	HARQ process ID
	4 bits
	See Proposal 1

	
	NDI
	1 bit
	See Proposal 2

	
	PDCCH-to-HARQ_feedback timing indicator
	3 bits
	One combination is reserved to indicate no sidelink HARQ feedback is used and no PUCCH is scheduled

	
	PUCCH resource indicator
	3 bits
	

	
	DAI
	2-4 bits
	See Section 5.1

	Type-2 configured grant
	Type-2 configured grant index
	3 bits
	RAN2 agreed having multiple configured grants for SL

	
	Activation / release
	1 bit
	Only for Type-2 configured grant


[bookmark: _Toc24151952]DCI carries the fields in Table 7.
Regarding the following agreement from RAN1#98:
	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


Our view is that, given that there is a single SL carrier for a UE in Rel-16, no indicator is necessary in DCI.
[bookmark: _Toc24151953]No cross-carrier scheduling indicator is included in DCI.
6.3	Timing aspects
In RAN1#98, the following was agreed:
	Agreements:
· To signal the gap between DCI reception and the first sidelink transmission scheduled by DCI:
· A table of values is configured by RRC.
· DCI determines which of the configured values is used.
· FFS how to determine the slot for the first sidelink transmission (e.g., based on the indicated value, potential async between Uu & SL, different numerologies, etc.)
· FFS if the gap is in physical or logical slots.


Regarding the time between DCI and the scheduled sidelink transmission, like we must distinguish two cases:
· Case 1: transmission happens on a SL carrier that is synchronized with the Uu carrier (e.g., shared Uu/SL carrier) or there is a known timing relationship between the two carriers. In this case, it is possible to establish an unambiguous relationship between the slots in the Uu carrier and the slots in the SL carrier.
· Case 2: transmission happens on a SL carrier with an unknown timing relationship to the Uu carrier (e.g., ITS SL carrier). In this case, it is not possible to guarantee that UE and gNB have the same understanding of the slot numbering used in the SL carrier.
This issue was already understood in LTE and lead to specific solutions for Mode-3 that make use of the TA, like the following:
	For sidelink transmission mode 3,
-	The UE shall determine the subframes and resource blocks for transmitting SCI format 1 as follows:
-	SCI format 1 is transmitted in two physical resource blocks per slot in each subframe where the corresponding PSSCH is transmitted.




-	If the UE receives in subframe n DCI format 5A with the CRC scrambled by the SL-V-RNTI, one transmission of PSCCH is in the PSCCH resource  (described in Subclause 14.2.4) in the first subframe that is included in  and that starts not earlier than .  is the value indicated by "Lowest index of the sub-channel allocation to the initial transmission" associated with the configured sidelink grant (described in [8]),  is determined by Subclause 14.1.5, the value m is indicated by 'SL index' field in the corresponding DCI format 5A according to Table 14.2.1-1 if this field is present and m=0 otherwise,  is the start of the downlink subframe carrying the DCI, and  and  are described in [3].


In our view, the same approach can be used for NR. Like in LTE, logical slots should be used, as there is no point in indexing slots in which SL transmission cannot take place.
[bookmark: _Toc24151954]For dynamic grant and configured grant type-2, the slot of the first sidelink transmission is the SL slot that starts not earlier than  where TDL is the DL timing, NTA is the timing advance value and m is the slot offset between DCI and the first sidelink transmission scheduled by DCI, and Tslot is the SL slot duration.
7	Sidelink operation in shared carriers
7.1	Resources for SL operation
In LTE, both FDD and TDD frame structure types are supported for sidelink transmissions both in licensed and unlicensed frequency bands. In all cases, the specification allows sidelink transmissions to happen in uplink resources only. That is, sidelink transmissions take place only in the UL carrier in case of FDD, and in UL subframes in case of TDD. This limitation is of particular importance for licensed frequency bands shared with cellular transmissions. The motivation is to avoid interference to the DL transmissions. Although many companies aim to inherit the LTE principle of using UL resources for NR SL, no agreement was made during the SI. In our view, it is desirable to make such an agreement to focus the design of NR SL during the limited time of WI. Therefore, like LTE, NR sidelink should be designed under the assumption that resources may be shared by SL and UL transmissions but not by SL and DL transmissions in case of licensed carrier.
[bookmark: _Toc24151955]NR sidelink is designed under the assumption that SL transmissions may only share resources with UL transmissions.
In contrast to LTE TDD, where UL and DL subframe configuration is quite static (i.e. semi-statically configured), NR supports dynamic TDD. To this end, different slot formats containing DL, UL and flexible (X) symbols are defined in NR. Flexible symbols can be dynamically configured by gNB to be used as either UL or DL. Furthermore, the slot structure in NR can be signalled in a UE specific manner. This means that different UEs may result in different interpretation of a symbol to be used as UL/DL/X. This flexibility and device specific configuration potentially bring several challenges to SL slot structure design in shared licensed carrier. For instance, if a UE assumes that only UL resources are available for its SL transmissions, it may result in different UEs having different interpretation of resources available for SL since TDD configuration may be done in UE specific manner in NR. 
[bookmark: _Toc24151967]In NR, TDD configuration is provided by gNB in a UE-dedicated manner and gNB schedules the UEs to avoid DL-UL interference. 
For this reason, we propose to confine SL transmission to cell-specific UL resources.
[bookmark: _Toc24151956]NR SL transmissions can only take place in cell-specific UL resources. 
Moreover, given the limited available time until the end of the release, we propose to prioritize slots with no DL or X resources.
[bookmark: _Toc24151957]RAN1 prioritizes specification for slots containing UL resources only. 
We discuss the determination of slots for PSCCH/PSSCH resource pool in [4]. 
7.2	Coexistence between Mode 1 UEs and Mode 2 UEs
One important issue to address is the issue of coexistence of users using Mode 1 and Mode 2. We envision two possible ways to realize this coexistence in the same carrier:
· Segregate Mode 1 and Mode 2 transmissions in different resources. Effectively, this means dedicating one or more pools of resources to Mode-2 transmissions, while scheduling Mode-1 transmissions on other resources. This solution is simple and avoids any harmful interference between transmissions using different modes. However, appropriately splitting the resources between both modes is difficult and the optimal distribution may be different for each cell and may also vary over time, depending on the instantaneous load.
· Introduce mechanisms for coexistence of transmissions from both modes in the same resources. While this approach is more flexible, it is not trivial to specify given that each mode follows a different resource allocation paradigm (i.e., NW-based for Mode 1 and UE-autonomous for Mode 2).
We note that the first approach is just a matter of network configuration and, thus, is already supported. In a sense, the second approach is also a matter of network configuration. However, proper operation requires some additional mechanisms to facilitate the coexistence.
[bookmark: _Toc21346637][bookmark: _Toc24151958]NR sidelink supports mechanisms to facilitate Mode 1 UEs and Mode 2 UEs operating in the same pool.
One possible mechanism is to ensure that Mode 2 transmissions avoid collision with Mode 1 transmission at least in the same way as they do with other Mode 2 transmissions. To that end, it is necessary that the Mode-1 UEs make use of the reservation signalling capabilities in SCI. This is illustrated in Figure 4.
[bookmark: _Toc21346638][bookmark: _Toc24151959]A UE transmitting using a Mode-1 grant (dynamic or configured) uses the corresponding fields in SCI to reserve the next resource(s) allocated by the same grant.
[image: ]
[bookmark: _Ref16172399]Figure 4. Resource reservation for Mode-1 grants.

8	LTE Uu controlling NR mode-1 UEs
During RAN1-ah1901 it has been agreed to support scheduling by LTE Uu of NR sidelink mode-1 transmissions based on type 1 configured grant. The support is done based on type 1 configured grant with configurations restricted to time, frequency, and periodicity, with the condition that no additional function/procedure is to be introduced for LTE Uu. For type 1 configured grant, in which the grant is configured and activated directly via RRC, the configuration also conveys transmission parameters such as periodicity, time offset, MCS, precoder matrix and frequency resources etc. DCI based scheduling and type 2 configured grant scheduling are not supported for scheduling NR sidelink mode 1. 
RAN2 has already agreed to support configuration for NR mode-2 operation through RRC signaling and through SIB signaling (with some restrictions). In our view, no further work is expected in RAN1.
[bookmark: _Toc24151968]RAN2 has agreed to support configuration for NR mode-2 operation through RRC signaling and through SIB signaling. No further work is required in RAN1 on the topic of control of NR mode-1 UEs over LTE Uu.
9	Conclusion
In the previous sections we made the following observations: 
Observation 1	UE and gNB must have common understanding of which TB is transmitted in each grant.
Observation 2	The use of consecutive repetitions (like in PDSCH or PUSCH) leads to severe half duplex issues.
Observation 3	The SL HARQ feedback configuration should be per LCH.
Observation 4	The UE needs to know whether the grant provided by the gNB is for SL transmission with/without HARQ feedback.
Observation 5	RAN2 has agreed that NR sidelink supports confirmation of sidelink configured grant type-2 activation/deactivation.
Observation 6	RAN2 has agreed that NR sidelink supports having multiple configured grants for sidelink.
Observation 7	The TX UE cannot determine which PSFCH resources are used by the different RX UEs. Moreover, in many cases it is not even possible to guarantee that the TX UE knows that each of the RX UEs uses a different PSFCH.
Observation 8	In NR, TDD configuration is provided by gNB in a UE-dedicated manner and gNB schedules the UEs to avoid DL-UL interference.
Observation 9	RAN2 has agreed to support configuration for NR mode-2 operation through RRC signaling and through SIB signaling. No further work is required in RAN1 on the topic of control of NR mode-1 UEs over LTE Uu.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Dynamic and configured grants are associated with a HARQ process ID.
Proposal 2	DCI for a dynamic grant carries an NDI flag.
Proposal 3	For dynamic grant, the DCI provides resources by including the starting RB of the first transmission and the resource reservation fields to be transmitted in SCI.
	The gNB may allocate further resources by providing a DCI with ND=0.
	The UE uses the reservation field to reserve the resources granted by the gNB for that TB.
Proposal 4	A dynamic grant schedules a single PUCCH resource for conveying SL HARQ feedback to the gNB. The PUCCH resource comes after the last transmission of the TB scheduled by the dynamic grant.
Proposal 5	A dynamic grant indicates whether PUCCH resources for conveying HARQ acknowledgement to the gNB are scheduled or not. If the grant includes PUCCH resources, then the sidelink uses HARQ feedback for the TB. Otherwise, the sidelink does not use HARQ feedback for the TB.
Proposal 6	One combination of ‘timing and resource for PUCCH used for conveying SL HARQ feedback to the gNB’ are used to indicate that no PUCCH is scheduled.
Proposal 7	RAN1 assumes that RAN2 takes the lead in specifying the support for confirmation of sidelink configured grant type-2 activation/deactivation.
Proposal 8	For sidelink configured grant type-1 and grant type-2, the following periodicities are supported: {1, 2, 5, 10, 20, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000} ms.
Proposal 9	For Type-1 codebook:
	UE determines occasions for candidate PDCCH receptions carrying SL grant or PDCCH releasing SPS configured grant type-1 with PUCCH in the same slot based on PDCCH-to-PUCCH configured values.
	For each candidate, one HARQ-ACK bit is reported.
Proposal 10	For Type-2 codebook:
	UE monitors occasions for PDCCH carrying SL grant or PDCCH releasing SL configured grant type-1 with PUCCH in the same slot based on PDCCH-to-PUCCH gap signalled in DCI.
	For each PDCCH occasion at most one HARQ-ACK bit is reported.
Proposal 11	For HARQ-ACK reports multiplexing DL and SL HARQ-ACKs, whether DL or SL PUCCH configuration is used for HARQ-ACK reporting is determined by the most recently received DCI (i.e., DL or SL). If both are received at the same time, then SL PUCCH configuration is used.
Proposal 12	For Type-2 codebook when multiplexing DL and SL HARQ-ACKs:
	Independent DAI counters are used for DL and SL HARQ-ACKs.
Proposal 13	If prioritization rules in the UE result in dropping a PSCCH/PSSCH transmission or not being able to receive a PSFCH, the TX UE reports NACK to the gNB.
Proposal 14	For groupcast option 2, no UE behavior is specified for the case that the TX UE does not detect some expected PSFCH.
Proposal 15	For groupcast option 2, when generating the HARQ-ACK report for the transmissions corresponding to a grant, the TX UE uses the most recent PSFCH occasion associated with the transmissions.
Proposal 16	For unicast groupcast option 2, the TX UE reports ACK to the gNB if no PSCCH/PSSCH is transmitted in a set of resources for configured grant
Proposal 17	For HARQ-ACK reporting, the timing of transmission SL HARQ-ACK is signaled in terms of physical DCI-to-PUxCH slots.
	RAN2 to specify 8-bit fields for the corresponding table of values.
Proposal 18	A new DCI format is introduced to convey sidelink dynamic grants and for activation/release of sidelink type-2 configured grants.
	The size of the new DCI format is the same as one of the existing DCI formats.
	Zero-padding is used to align the size of DCI carrying SL dynamic grants and for activation/release of SL configured grants type-2.
Proposal 19	A field in DCI identifies the type-2 configured grant that is activated/deactivated.
Proposal 20	Each DCI activates/deactivates a single SL type-2 configured grant.
Proposal 21	DCI carries the fields in Table 7.
Proposal 22	No cross-carrier scheduling indicator is included in DCI.
Proposal 23	For dynamic grant and configured grant type-2, the slot of the first sidelink transmission is the SL slot that starts not earlier than  where TDL is the DL timing, NTA is the timing advance value and m is the slot offset between DCI and the first sidelink transmission scheduled by DCI, and Tslot is the SL slot duration.
Proposal 24	NR sidelink is designed under the assumption that SL transmissions may only share resources with UL transmissions.
Proposal 25	NR SL transmissions can only take place in cell-specific UL resources.
Proposal 26	RAN1 prioritizes specification for slots containing UL resources only.
Proposal 27	NR sidelink supports mechanisms to facilitate Mode 1 UEs and Mode 2 UEs operating in the same pool.
Proposal 28	A UE transmitting using a Mode-1 grant (dynamic or configured) uses the corresponding fields in SCI to reserve the next resource(s) allocated by the same grant.
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