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1	Introduction
[bookmark: _Hlk16666921]During RAN1#96bis the following has been agreed [1]:
	Agreements:
· A dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.
· A configured grant (type-1, type-2) provides a set of resources in a periodic manner for multiple sidelink transmissions.
· UE decides which TB to transmit in each of the occasions indicated by a given configured grant.
· FFS: whether different transmissions of a TB can take place across multiple configured grants.
· Other restrictions on what can be transmitted in a given configured grant (e.g., based on QoS, destination UE, etc.) are up to RAN2.


During RAN1#97 the following has been agreed [2]:
	Agreements:
· Sidelink HARQ ACK/NACK report from transmitter UE to gNB is supported with details FFS.
Note: this reverts the following agreement from RAN1#96:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.
· SR/BSR report to gNB for the purpose of requesting resources for HARQ retransmission is not supported.

Agreements:
· NR sidelink does not support performing different transmissions of a TB using different configured grants.

Agreements:
· For mode 1:
· A dynamic grant by the gNB provides resources for transmission of PSCCH and PSSCH.


In this paper we discuss remaining aspects of Mode-1 resource allocation.
2	Dynamic grant
2.1	Dynamic grant for broadcast, groupcast, and unicast
In LTE, only broadcast transmission with up to two transmissions per TB is supported. Consequently, a grant for one/two transmissions of the same TB can be easily conveyed in DCI. NR, however, includes the following new features that complicate the procedures for dynamic grant:
· Larger number of scheduled retransmissions in a single grant (e.g., blind retransmissions for broadcast).
· HARQ feedback and retransmissions (for unicast and groupcast).
In sidelink, retransmissions play a very important role when it comes to achieving high reliability. Not only by providing HARQ combining gain but also by allowing half-duplex UEs to receive each other. For this reason, we believe that dynamic grants should also allow for scheduling retransmissions. 
In uplink/downlink it is possible to configure (using RRC) the use of retransmissions. 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. In our view, it is sufficient that the gNB can provide a fixed number of repetitions with an arbitrary (but fixed) gap between them. For this purpose, we propose that DCI carries the following information:
· Gap in number of slots between transmission and first retransmission. 
· Number of repetitions.
[bookmark: _Toc16871624]The use of consecutive repetitions (like in PDSCH or PUSCH) leads to severe half duplex issues.
[bookmark: _Toc16871629]Dynamic sidelink grants are valid for K retransmissions of a TB, equally spaced in time.
· [bookmark: _Toc16871630]K and the spacing between repetitions are signaled in DCI.
In our view, a dynamic grant should not only provide resources for PSCCH and PSSCH transmission but also indicate whether it has an associated PSFCH resource that can be used by the receiver to convey feedback. In other words, for dynamic grant, whether a PSSCH transmission is (N)ACKed or not is up to the gNB. Note that the signaling for this can be implicit (e.g., the PUCCH allocation for UL HARQ may indicate the use of SL HARQ).
[bookmark: _Toc16871631]Sidelink dynamic grants indicate whether the grant is for a transmission with HARQ feedback or not.
HARQ feedback is conveyed to the gNB in the form of ACK/NACK. However, if several HARQ processes take place at the same time, gNB must be able to differentiate between different processes. Hence, there is a need to associate a dynamic grant to a specific sidelink HARQ process with some indicator. Consequently, DCI should carry an indicator.
[bookmark: _Toc16871632]RAN1 discusses whether DCI for a dynamic grant carries an indication that allows the gNB and UE to identify to which TB the grant refers, including whether it is a new transmission or a retransmission.
2.2	Signalling aspects
The contents of DCI format 5A in LTE is summarized in Table 1.
[bookmark: _Ref4075800]Table 1. 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 2.
[bookmark: _Ref4139403]Table 2. 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 NR, DCI will also be used to carry dynamic sidelink grants, including some information to be used in the SCI. At this point in time, the contents of SCI itself is unclear. However, DCI will at least carry the following information:
· Time-frequency resource to be used for one/multiple transmissions of a TB (size is FFS but LTE values can be used as a reference).
For sidelink, we believe that the network should have the possibility of giving freedom to the transmitter UE to select some of the parameters, within some restrictions set by the gNB:
· The gNB provides time-frequency resources to be used by the UE, except if the UE has no data to transmit.
· Through RRC, the gNB optionally provides ranges of allowed values for other parameters such as MCS, number of layers, etc. The UE autonomously selects the specific value from the allowed range.
This is quite similar to the framework in LTE.
[bookmark: _Toc16871633]For sidelink dynamic grant, the gNB provides:
· [bookmark: _Toc16871634]Time-frequency resources to be used by the UE for transmission.
· [bookmark: _Toc16871635]The UE shall not transmit if it does not have data to transmit or if the grant cannot accommodate the TB.
· [bookmark: _Toc16871636]Optionally, ranges of values for other parameters (e.g., MCS, number of layers, etc.) from which the UE can autonomously select one for each TB transmission, which are configured using RRC.
Clearly, a new DCI format will be 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. A sidelink-specific RNTI can be used to distinguish the new format from the existing DCI format(s).
[bookmark: _Toc5089172][bookmark: _Toc16871637]A new DCI format is introduced to convey dynamic sidelink grants.
[bookmark: _Toc5089173][bookmark: _Toc16871638]The size of the new DCI format is the same as one of the existing DCI formats. A new SL-RNTI is used for scrambling the new DCI format.
3	Configured grant
3.1	Configured grant for broadcast, groupcast, and unicast
Like for dynamic grants, we believe that for configured grants, the gNB provides the HARQ configuration, i.e., whether the corresponding PSSCH transmissions can be (N)ACKed or not. Thus, this information should also be part of the RRC configuration provided by the gNB. When it comes to the use of the resources provided in a configured grant, we think that they should be used as provided by the network, which facilitates network management and providing the desired levels of QoS. Given that it was agreed in RAN1#96 that the UE can decide which TB to transmit in each of the occasions, this implies that the UE should use the resources only for transmissions of TBs matching the HARQ configuration of the configured grant. That is, if the configured grant includes PSFCH transmissions, then the UE can only use it for transmissions with acknowledgement (e.g., unicast); whereas if the configured grant does not include PSFCH transmissions, then the UE can only use it for transmissions without acknowledgement (e.g., broadcast). 
[bookmark: _Toc16871639]Sidelink configured grants (type-1 and type-2) indicate whether the grant is for a transmission with HARQ feedback or not.
[bookmark: _Toc16871640]When using a configured grant, the UE follows the HARQ configuration (i.e., whether and how to request HARQ feedback or not) provided by the gNB.
3.2	Signalling aspects
In RAN1#AH-0119 it was agreed to support both type-1 and type-2 configured grants for sidelink. Type-1 and Type-2 configured grants were originally introduced for UL transmission. Consequently, the RRC configuration provides many parameters that the UE must use for transmission. Like for dynamic grant, we believe that the network should have the possibility of giving freedom to the transmitter UE to select some of the parameters, within some restrictions set by the gNB:
· The gNB provides time-frequency resources (including periodicity and offset) to be used by the UE, except if the UE has no data to transmit.
· The gNB optionally provides ranges of allowed values for other parameters such as MCS, number of layers, etc. The UE autonomously selects the specific value from the allowed range.
[bookmark: _Toc5089174][bookmark: _Toc16871641]For sidelink configured grant type-1 and grant type-2, the gNB provides:
· [bookmark: _Toc5089175][bookmark: _Toc16871642]Time-frequency resources (time and frequency allocation, periodicity, offset, etc.) to be used by the UE for transmission.
· [bookmark: _Toc5089176][bookmark: _Toc16871643]The UE shall not transmit if it does not have data to transmit or if the grant cannot accommodate the TB.
· [bookmark: _Toc5089177][bookmark: _Toc16871644]Optionally, ranges of values for other parameters (e.g., MCS, number of layers, etc.) from which the UE can autonomously select one for each TB transmission.
As captured above, RAN2 has agreed to support multiple configured grants. In our view, the RAN2 agreement refers to simultaneously configured grants. In our view, the RAN1 impact is reduced to introducing the relevant fields in DCI for type-configured grants.
[bookmark: _Toc7633117][bookmark: _Toc7633267][bookmark: _Toc7633289][bookmark: _Toc7633296][bookmark: _Toc16871625]RAN2 has agreed that NR sidelink supports having multiple configured grants for sidelink.
[bookmark: _Toc7633083][bookmark: _Toc7633107][bookmark: _Toc7633257][bookmark: _Toc7633084][bookmark: _Toc7633108][bookmark: _Toc7633258][bookmark: _Toc5089178][bookmark: _Toc16871645]Corresponding identifying fields are introduced in DCI (for type-2 only) and RRC.
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: _Toc16871646]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.
In RAN1#96bis, there were discussions on the need to support confirmation of type-2 configured grants. In parallel, RAN2 agreed to support this as captured in the above agreements. 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: _Toc16871626]RAN2 has agreed that NR sidelink supports confirmation of sidelink configured grant type-2 activation/deactivation.
[bookmark: _Toc16871647]RAN1 assumes that RAN2 takes the lead in specifying the support for confirmation of sidelink configured grant type-2 activation/deactivation. 
3.2.1	DCI for type-2 configured grant
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: _Toc5089179][bookmark: _Toc16871648]The DCI format used for providing sidelink dynamic grants is also used for activation of type-2 sidelink configured grants but scrambled with a different RNTI.
· [bookmark: _Toc5089180][bookmark: _Toc16871649]Zero-padding is used to align the size of DCI carrying dynamic grants and 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: _Toc16871650]A field in DCI identifies the type-2 configured grant that is activated/deactivated.
[bookmark: _Toc16871651]Each DCI activates/deactivates a single SL type-2 configured grant.
[bookmark: _Toc525764767][bookmark: _Toc525138828][bookmark: _Toc525764569][bookmark: _Toc525764652][bookmark: _Toc525764687][bookmark: _Toc525764704][bookmark: _Toc525764766][bookmark: _Toc5089153][bookmark: _Toc5089154][bookmark: _Toc5089155][bookmark: _Toc5089156][bookmark: _Toc5089157][bookmark: _Toc5089158][bookmark: _Toc5089159][bookmark: _Toc5089160][bookmark: _Toc5089161][bookmark: _Toc5089162][bookmark: _Toc5089163][bookmark: _Toc5089164][bookmark: _Toc5089165][bookmark: _Toc5089166][bookmark: _Toc5089167][bookmark: _Toc5089168][bookmark: _Toc5089169]4	Cross-RAT management of NR sidelink
4.1	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: _Toc7633299][bookmark: _Toc16871627]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.
5	Sidelink operation in shared licensed carriers
[bookmark: _Toc525927447][bookmark: _Toc528755029][bookmark: _Toc528869376][bookmark: _Toc528869412][bookmark: _Toc528916057][bookmark: _Toc528945291][bookmark: _Toc528947529][bookmark: _Toc528954032][bookmark: _Toc531776806][bookmark: _Toc534897271][bookmark: _Toc770499][bookmark: _Toc1150906][bookmark: _Toc4452195]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, similar to 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: _Toc7782809][bookmark: _Toc16871652]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 signaled 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: _Toc7782805][bookmark: _Toc16871628]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 trnamission to cell-specific UL resources.
[bookmark: _Toc16871653]NR SL transmissions can only take place in cell-specific UL resources.  
[bookmark: _Toc525766493][bookmark: _Toc525811189]6	Conclusion
In the previous sections we made the following observations: 
Observation 1	The use of consecutive repetitions (like in PDSCH or PUSCH) leads to severe half duplex issues.
Observation 2	RAN2 has agreed that NR sidelink supports having multiple configured grants for sidelink.
Observation 3	RAN2 has agreed that NR sidelink supports confirmation of sidelink configured grant type-2 activation/deactivation.
Observation 4	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.
Observation 5	In NR, TDD configuration is provided by gNB in a UE-dedicated manner and gNB schedules the UEs to avoid DL-UL interference.

Based on the discussion in the previous sections we propose the following:
[bookmark: _GoBack]Proposal 1	Dynamic sidelink grants are valid for K retransmissions of a TB, equally spaced in time.
	K and the spacing between repetitions are signaled in DCI.
Proposal 2	Sidelink dynamic grants indicate whether the grant is for a transmission with HARQ feedback or not.
Proposal 3	RAN1 discusses whether DCI for a dynamic grant carries an indication that allows the gNB and UE to identify to which TB the grant refers, including whether it is a new transmission or a retransmission.
Proposal 4	For sidelink dynamic grant, the gNB provides:
	Time-frequency resources to be used by the UE for transmission.
o	The UE shall not transmit if it does not have data to transmit or if the grant cannot accommodate the TB.
	Optionally, ranges of values for other parameters (e.g., MCS, number of layers, etc.) from which the UE can autonomously select one for each TB transmission, which are configured using RRC.
Proposal 5	A new DCI format is introduced to convey dynamic sidelink grants.
Proposal 6	The size of the new DCI format is the same as one of the existing DCI formats. A new SL-RNTI is used for scrambling the new DCI format.
Proposal 7	Sidelink configured grants (type-1 and type-2) indicate whether the grant is for a transmission with HARQ feedback or not.
Proposal 8	When using a configured grant, the UE follows the HARQ configuration (i.e., whether and how to request HARQ feedback or not) provided by the gNB.
Proposal 9	For sidelink configured grant type-1 and grant type-2, the gNB provides:
	Time-frequency resources (time and frequency allocation, periodicity, offset, etc.) to be used by the UE for transmission.
o	The UE shall not transmit if it does not have data to transmit or if the grant cannot accommodate the TB.
	Optionally, ranges of values for other parameters (e.g., MCS, number of layers, etc.) from which the UE can autonomously select one for each TB transmission.
Proposal 10	Corresponding identifying fields are introduced in DCI (for type-2 only) and RRC.
Proposal 11	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 12	RAN1 assumes that RAN2 takes the lead in specifying the support for confirmation of sidelink configured grant type-2 activation/deactivation.
Proposal 13	The DCI format used for providing sidelink dynamic grants is also used for activation of type-2 sidelink configured grants but scrambled with a different RNTI.
	Zero-padding is used to align the size of DCI carrying dynamic grants and configured grants type-2.
Proposal 14	A field in DCI identifies the type-2 configured grant that is activated/deactivated.
Proposal 15	Each DCI activates/deactivates a single SL type-2 configured grant.
Proposal 16	NR sidelink is designed under the assumption that SL transmissions may only share resources with UL transmissions.
Proposal 17	NR SL transmissions can only take place in cell-specific UL resources.  
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