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1. Introduction
Regarding the resource allocation in mode-1 in NR V2X, the following agreements have been achieved in the previous meetings[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.


2. Discussion
2.1. Indicator for (re)transmission

In the previous meeting, RAN1 has agreed to study the indicator triggering the retransmission of a TB by the transmitter UE to the network. It is proposed by some companies that the indicator can be delivered in the form of SR/BSR. According to Rel-15, SR is a flag raised by UE to request uplink resource for new transmission purpose only. BSR is used to indicate the amount of buffer information and cannot be used for triggering any retransmissions, either. If we want to make use of SR/BSR to convey retransmission information instead, the SR/BSR format should be carefully designed.

If more than one unicast (or groupcast) sessions are established for a UE, the retransmission information from the transmitting UE should also indicate to which connection the data belongs. Otherwise, the network may not be able to control retransmission for a specific HARQ process or a particular destination ID. Therefore, the indicator should provide some detailed retransmission information (e.g., HARQ process ID, destination ID for the target UE/Group). 

Given that SR has 1 bit, it is impossible to use legacy SR to carry this particular formation. A straightforward way is to assign multiple dedicated PUCCH scheduling request resources, each corresponding to a specific information, e.g., new transmission/retransmission, HARQ process ID, or destination ID for the target UE/Group. Another way is to introduce a new multi-bit SR format, which may require a new PUCCH format as well. Moreover, only the SR with the highest priority can be transmitted in the case of multiple concurrent scheduling requests. Consequently, the issue of the collision between sidelink and uplink scheduling requests should be studied. Considering that sidelink and uplink are launched on different interfaces and links, which one should be up-prioritized may depend on the situation.

Compared to SR, BSR has a more substantial payload size and is feasible to be used as the retransmission indicator. Furthermore, the broadcast transmission may need multiple slots for beam sweeping, while the unicast transmission may only require single shot transmission. To assign the proper sidelink resource for different kinds of transmission, the BSR should indicate not only the buffer size but also the cast type of the data. The specific format should be up to RAN2.

From the above analysis, we can see the SR/BSR based retransmission triggering mechanism involves a lot of spec change from both the RAN1 side and RAN2 side. Some companies raised similar concerns last meeting and proposed the possibility to revert the previous agreement of excluding ACK/NACK based retransmission trigger mechanism. From technical point of view, it is more straightforward to reuse the HARQ-ACK for triggering retransmission.
Observation 1: The legacy SR/BSR is only used for initial transmission.

Proposal 1: The HARQ-ACK in uplink is reused for triggering sidelink retransmission.
Proposal 2: If BSR/SR is used for triggering retransmission, they should be enhanced to indicate the transmission type, HARQ ID, and destination. 

Proposal 3: If BSR/SR is used for triggering retransmission, they should be enhanced to distinguish initial transmission and retransmission, e.g., dedicated SR/BSR resource for sidelink transmission/retransmission, etc.

2.2. Sidelink resource
· Resources reused for sidelink in the licensed band
In LTE, only sidelink transmission on the uplink resource is allowed to happen according to the regulatory rules. Since NR Uu licensed band can be shared with NR sidelink, what kind of symbol can be assigned for sidelink by gNB has been discussed. Here we consider three following options:

· Opt.1 UL symbols
· Opt.2 X symbols

· Opt.3 UL+X symbols

In Opt.1, sidelink resource controlled by gNB is based on the semi-static uplink resource only, which imposes some restrictions on the sidelink operation as the time resource pattern of sidelink has to adapt to the semi-static UL-DL configuration. The available sidelink resource, however, would be distributed in widely scattered uplink symbols in the time domain. It is likely that some advanced services with strict requirements may need mode-1 operation to ensure good performance. However, with Opt.1, the available sidelink resources on the licensed band may be insufficient to meet the need especially when DL and X contribute a large portion of the subframe. 

If flexible symbols can be reused, the gNB has the flexibility to allocate both X and UL resources for sidelink. One concern about reusing the flexible symbol is how to handle the coexistence of sidelink and Uu transmission under the dynamically changing framework of slot structure in NR. Nevertheless, as gNB is in charge of resource assignment of DL, UL, and SL, it can avoid the interference. 

Proposal 4: At least cell-specific uplink symbols and flexible symbols in NR Uu can be used for NR sidelink.

In LTE V2X, the in-coverage UE will set the TDDConfigSL field in its PSBCH payload to the TDDConfig broadcasted by NW to prevent partial-coverage UE from transmitting sidelink signal on DL subframes. In the previous meeting, it was agreed that the case where only a subset of a slot is used for sidelink is supported. It was also decided that the subset should not be dynamically configured to UE but may be repeated periodically. The mini-slot level structure can be configured by high layer signaling, e.g., in the form of a list of slot format index or explicit bitmap. No matter which way is used, it is impossible for in-coverage UE to deliver the same bits in its PSBCH given that the NR PSBCH payload is only 56 bits. Therefore, to avoid misaligned understandings of the amount of resource available to sidelink between idle in-coverage UE and partial-coverage UE, the mini-slot structure should only be applicable to mode-1 UE. An example is the configured sidelink grant which naturally supports mini-slot level resource assignment according to legacy IE design.

Proposal 5: The case where a subset of symbols is used for sidelink only applies to mode-1 UE.
· Configuration of sidelink resource pool in the licensed band

In LTE V2X, the pattern of sidelink resource pool is obtained by combining the resource pool indicator and TDD UL/DL config. The resource pool indicator is expressed as a sequence of 1 and 0. Only if the TDD UL/DL config indicates ‘UL’ and the resource pool indicator indicates ‘1’, should the corresponding symbols be for sidelink use. 

The TDD UL/DL config of LTE and NR are defined in quite diverse ways, mainly differing in symbol types, periodicity, and signaling design. In the case of LTE controlling NR sidelink, UE obtains a configuration index corresponding to a frame level TDD UL/DL partitioning from eNB. It can also get a concatenation of up to two DL-Flexible-UL patterns from gNB. NR sidelink UE equipped with LTE&NR Uu modules is required to handle both cases and to derive the resource pool patterns with different TDD UL/DL config formats. Therefore, the LTE-like design can be reused to save efforts. For example, a resource pool bitmap can be provided by gNB to indicate the semi-static uplink (and/or flexible) symbols for sidelink. Furthermore, eNB can provide an NR-like semi-static DL-Flexible-UL pattern for NR sidelink configuration to reduce the computational complexity of NR sidelink UE.

Proposal 6: In the case of resource pool configuration, a resource pool bitmap can be provided to indicate the resources allocated for sidelink operation.

Proposal 7: In the case of LTE Uu controlling NR sidelink, the eNB should broadcast or configure a semi-static TDD configuration (similar to the TDD-UL-DL-ConfigurationCommon in NR) to be used in NR sidelink.

2.3. Enhancements for Mode-1 scheduling
In NR mode-1, the NW is responsible for the T/F sidelink resource allocation for UE, similar to that in LTE mode-3. The general dynamic or semi-persistent scheduling mechanism can be reused to mode-1. However, some fundamental differences between LTE and NR sidelinks should be taken into consideration, i.e., support of unicast and groupcast transmissions, etc. Consequently, the half-duplex limitation and collided transmission among UEs in the same sidelink session should be considered. If gNB only assigns the resource to the transmitter UE without considering the associated receiver UE, the reception failure rate may be increased. An example is illustrated in Figure 1, where the UE1 and UE2 are assigned with sidelink resource in the same slot, as the UE1 is sending to the UE2 while the UE2 is sending to UE3, the packet from UE1 is lost. Similarly, the UE3 and UE4 assigned with the same slot would inevitably suffer from the issue of collided transmission. 
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Figure 1．An example of the half-duplex issue and collided transmission
A straightforward way to handle the half-duplex issue and simultaneous transmission is that gNB always assign the resources in a TDM manner for different sidelink UEs. This solution is efficient only for broadcast transmission where every UE can be considered as a receiver UE. However, for unicast and groupcast transmissions in NR, resource efficiency will be severely down especially when numerous sidelink transmission attempts are triggered simultaneously.

Alternatively, Mode-1 UE can report additional assistant information to the network, such as its cast type and buffer status information of the destination UE in sidelink, along with its resource request so that the network can be aware of the current sidelink sessions. In this case, gNB can associate different resources to different destination UEs by DCI. This would not only improve the resource efficiency by multiplexing irrelevant transmissions in frequency domain but also avoid the collisions mentioned above, thereby improving the transmission reliability.
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Figure 2．An example of TDM based mode-1 scheduling without assistant information

[image: image3.emf]UE1

UE2

UE3

resource1

resource3

resource1

resource2 resource4

Time

Frequency

resource2

resource3

resource4

UE4


Figure 3．An example of mode-1 scheduling with assistant information
System level simulation is executed to evaluate the benefits of mode-1 scheduling with assistant information. The relevant simulation parameters are given in Annex A. We simulate aperiodic traffic with a relatively high load of 10ms packet arrival interval and 10ms packet latency requirement. Two metrics are evaluated in SLS, i.e., average PRR and average half-duplex rate. The average half-duplex rate is defined as the ratio of packet loss due to half-duplex restriction. The simulation result is provided below.

The benefits of mode-1 scheduling with assistant information can be easily observed in Figure 4, where the average PRR of it always outperforms that without assistant information. On the other hand, the average half-duplex rate is significantly reduced with assistant information as expected, as shown in Figure 5. Therefore, it is important to report this assistant information to the network to guarantee the transmission reliability. 
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	Figure 4. Average PRR of two condition
	Figure 5. Average Half-duplex rate in all packet transmission


Proposal 8: Mode-1 scheduling should be enhanced by considering the cast type and UE association, in order to tackle with the issues of half-duplex and transmission collision.

Proposal 9: Mode-1 UE reports additional assistant information in BSR to the network, such as the cast type and the buffer status information associated with the destination UE.

2.4. Configured sidelink grant 
· Mixed configured sidelink grant type

Two types of configured sidelink grant are supported: type-1 and type-2. 

· For type-1, all transmission parameters including periodicity and T/F resources for a sidelink grant are provided by RRC

· For type-2, an additional DCI is needed to indicate the resource pattern and to activate/deactivate the grant.

The configured sidelink grants are characterized by semi-static assignment with less or no DCI overhead. These signal-saving mechanisms are effective. One remaining issue is whether both mechanisms can be activated at the same time to serve sidelink communication. In our view, the differences between use cases of these two may appear to be rather subtle; there is no benefit but complexity to activate both type-1 and type-2 configured sidelink grant simultaneously.

Proposal 10: Type-1 and type-2 configured sidelink grants should not be activated at the same time.

· Repetitions on configured sidelink grant

To make the configured sidelink grant work, the RRC configuration should contain at least time offset, resource for PSCCH, MCS range, periodicity, resource assignment for PSSCH and possibly HARQ feedback. Since the number of resources assigned to sidelink is generally determined by NW, the number of repetitions should be configured by the NW as well.

For each configured uplink grant, it is up to NW to decide the redundancy version sequence as well as the number of HARQ processes being cascaded to cater to the varying needs of reliability. One reason is to maintain the same understanding between NW and UE about the RV and HARQ ID of the uplink transmission so that NW does not have to decode an uplink transmission with multiple hypotheses. Further, to avoid involving mixed transmission occasions of different HARQ processes, it is specified that only the time instances mapped to RV=0 can be used for the initial transmission. Thus, if the packet arrives after the transmission occasion with RV=0, UE is not allowed to transmit anything until the next occasion with RV=0. 

In sidelink where the SCI carries the RV and/or HARQ ID of the transmission, there is no point in leaving the decision to NW. As the NW may not be aware of the detailed requirements of sidelink traffic, the transmitter should instead be responsible for handling service requirements, and thus decide the configuration of HARQ process and RV. For example, the transmitter can exploit a grant with repK=4 for a reliability-critical service by setting the RV to {0 2 3 1}. Similarly, the HARQ process number is also determined by the transmitter UE. 

Proposal 11: The RRC configuration should contain at least the number of occasion, time offset, MCS range, periodicity, resource assignment for PSCCH/PSSCH and possibly HARQ feedback.

Proposal 12: For a TB, repetition with different redundancy versions should be supported.

Proposal 13: It is up to the transmitter to decide the RV sequence for the configured grant.

Proposal 14: The HARQ process ID of the configured grant is determined by the transmitter UE.

· HARQ ACK/NACK for configured sidelink grant

As to the configured UL grant, the retransmission of UL message is controlled by a Timer, and no HARQ feedback is involved. However, in sidelink, things can be different. As the SCI will carry both RV and HARQ ID, it would be feasible to support HARQ ACK/NACK for the configured sidelink grant to serve some periodical services that require high reliability but for which the latency requirements are not that critical.
Proposal 15: HARQ ACK/NACK feedback can be supported for the configured sidelink grant.

· Transmission of different TBs for a given grant
In NR configured UL grant, all the transmission occasions within the same periodicity are used for the repetition of the same TB since HARQ feedback is not supported. If HARQ feedback is enabled for configured sidelink grant, the TX UE can expect acknowledgment/non-acknowledgment from the RX UE and can, therefore, perform the appropriate transmission of a new TB in the following occasions on its demands. An example of groupcasting multiple TBs to RX UE1&UE2 within the same periodicity is shown as below. However, if the RX UE1 missed the initial transmission on occasion#1 and occasion#2 due to transitory blocking or rapidly fluctuated channel condition, it may be confused about to which TB the message on occasion#3 belongs and thereby resulting in erroneously combining. A straightforward way to avoid such ambiguity is to delivery TB1, TB2, and TB3 to different HARQ processes.

Nevertheless, we see the restriction of HARQ processes for a given configured grant somehow relies on RAN2’s progress, so the details of the work are expected in RAN2 side.
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Figure 6．An example of transmissions of different TBs within the same periodicity
Proposal 16: Transmissions of different TBs within the same periodicity of a given grant is supported if RAN2 has no further restriction or concerns.
· Different transmission of a TB across multiple grants
It is FFS on whether different transmissions of a TB can take place cross numerous configured grants. The primary motivation for supporting cross-grant retransmission is to achieve high reliability as well as low latency. For example, as shown in Figure 7, a UE is configured with two grants for TB1 and TB2 respectively, and it is allowed to retransmit TB2 on the occasion starting from T1 in grant1 to reduce latency. However, it may raise some issues from both the TX side and RX side. Generally, each configured grant is operating with its soft buffer to support simultaneous transmission/reception of multiple configured grant in parallel. If cross-grant retransmission is allowed, the RX UE needs to know which grant will be used prior to the retransmission happening, thus an additional field indicating the crossed grant in SCI or in high layer configuration is needed. Furthermore, the RX UE also needs to maintain the soft buffer of both grants jointly. Typically, the soft buffer size is very large, requiring UE to manage all soft bits for multiple grants is inferior as it significantly raises the requirement of UE soft buffering capability as well as the complexity of implementation.
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Figure 7．An example of cross-grant retransmission
Proposal 17: Different transmissions of a TB should not cross multiple configured grants.

· Activating/deactivating multiple configured sidelink grant type2

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.

In option1, the DCI payload size may become too large, and may vary as a function of the number of configured or activated type2 sidelink grants. It may become an issue if the DCI payload size exceeds the maximum payload size of the DCI for Uu scheduling. Option2 results in more DCI signaling overhead compared with option1 when the number of configured sidelink grant type2 increases.

	Agreements-RAN1#96:
· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell.

· FFS whether or not to support joint activation in a DCI for two or more configured grant Type 2 configurations

· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell.

· FFS whether or not to support joint release in a DCI for two or more configured grant Type 2 configurations 


The similar issue had been discussed in the URLLC session for UL in the last meeting, and it was agreed separate activation/de-activation is supported. For sidelink, therefore, at least separate activation/de-activation should be considered.

Proposal 18: At least separate activation/de-activation for different configured grant Type2 configurations are supported.

· Timing for configured sidelink grant type

For a configured uplink grant, a time domain offset and/or an associated periodicity are used to control the start and end of the transmission occasion, and both of them have a list of allowed values defined in Uu slots. When it comes to the configured sidelink grant, it is preferred to define the candidate timing related values based on the actual resources that can be used by sidelink. One reason is that UE does not have to handle any invalid transmission occasions, for example, due to the overlaps between the configured sidelink grant and Uu transmission, as well as due to guard period required between sidelink and DL. If not, UE has to verify the validation of configured sidelink grant continuously and thus may not have full access to the assigned resources.

Proposal 19: Timing of configured sidelink grant configuration, for example, the time offset of transmission occasion and periodicity, should be defined based on the actual resources that can be used by sidelink.
2.5. Dynamic scheduling
The scheduling timing should be defined for the sidelink scheduling. As illustrated in Figure 8, similar to the uplink scheduling, a value of K4 representing the delay between the sidelink grant reception in DL and sidelink data (PSSCH) transmission should be defined, as well as the processing capability. K4 should at least include the time delay of DCI scheduling and SCI scheduling, denoted by K0’ and K2’ respectively. Moreover, if the target receiver is feedback ACK/NACK, another quantity K1’ representing the timing offset between PSSCH reception and corresponding acknowledgment transmission on uplink needs to be defined as well. 

If NR sidelink scheduling is implemented based on the NR uplink mechanism, the delay K2’ between DCI and the corresponding sidelink transmission will be similar to the case of uplink transmission scheduled by K2 in the uplink grant. K0’ between SCI and the associated PSSCH will be something close to the DL scheduling delay controlled by K0. In Rel-15 NR, both K2 and K0 are defined as a set of consecutive slots or symbols of Uu. However, the slots or symbols assigned for sidelink in the licensed band may be non-continuous in the time domain, UE further reconstructs the sidelink resource pools. Here it raises a question that should these time delays (K4/K0’/K2’/K1’) be defined in terms of consecutive slots/symbols or not.

· Opt1. The timing offset is defined as an absolute value, e.g., defined by the timing of Uu.

· Opt2. The timing offset is defined as a relative value, e.g., defined by the timing of sidelink. 
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Figure 8．Time delay in mode-1 scheduling

One reason for supporting Opt.1 would be to facilitate reuse of legacy K0/K1/K2 defined for Uu interface. However, a further extension for K0/K1/K2 configurations would be needed. Firstly, considering that the discontinuity of sidelink resource pool in time domain, larger time offset than NR is needed. Secondly, as shown below, the values of legacy time offset range from 0 to 32 slots, which may be much shorter than the reservation periods of the resource pool defined in LTE sidelink. The value of K2’ should be able to cover a sufficiently large time offset after which the DCI take effects such that each slot in the resource pool can be scheduled by gNB.
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Figure 9．Definition of K0/K2/K1 in NR
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Figure 10．Reservation period of LTE sidelink
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Figure 11．Example of K0’=2 slot

In Opt.2, the position of the target resource will be determined by the value of the time delay quantity and resource pool jointly. For example, K0’ signaled in DCI is interpreted as the K0’th sidelink slot relative to the Uu slot where the DCI was obtained. As shown in Figure 11, UE received a DCI indicating K0’=2 at slot n; then it performs sidelink transmission on the second available sidelink slot which is located at slot n+m. The time gaps between DCI and the corresponding sidelink transmission in terms of Uu time and sidelink time are m slots and two slots respectively. 

If the K1’ is defined in the way of Opt.1, the gNB should ensure that resources controlled by K1’ cannot be used for Uu scheduling to maintain the coexistence between sidelink and Uu in mode-1. Given the requirement of high flexibility of NR Uu, it is unreasonable to limit Uu scheduling to sidelink transmission feedback. Moreover, it is difficult to find an absolute value that is applicable to all potential UL-DL configurations to avoid an inter-interface collision. Therefore, Opt.2 is preferable for K1’ while the other three (i.e., K4/K0’/K2’) can be defined in different ways.

Proposal 20: For dynamic scheduling in mode1, time offset between DCI and its associated sidelink transmissions should be specified.
Proposal 21: For determining the resource of PSFCH containing HARQ feedback, the time gap between PSSCH and the associated PSFCH should be defined by the timing of sidelink.

2.6. DCI

To support dynamic resource allocation, a new DCI format should be introduced in NR Uu to schedule the sidelink transmission. This DCI format would be a UE-specific DCI. Thus, the non-fallback uplink grant (i.e., DCI 0_1) can be considered as the baseline for the dynamic sidelink grant. 
· DCI content

The following field can be considered for DCI content:
· Cross-carrier indicator

In LTE, eNB can schedule sidelink transmission on another frequency layer, e.g., ITS band. Similarly, NR should also consider cross-carrier scheduling in NR sidelink.

· Resource allocation 

Similar to LTE, the PSSCH resource allocation for mode-1 UE is indicated in the DCI. However, if TDM between PSCCH and PSSCH, such as cross-slot scheduling/reservation as discussed in [2], is supported, the resources allocated for PSCCH should be indicated in the DCI separately. 
Moreover, the resource allocation field should also take into account the PSFCH resource assignment if the receiver is required to send SFCI on sidelink. The indicators carried by DCI may depend on the operating mode and need further study.

· Time offset

The time offset K4/K2’/K0’ mentioned in section 2.5 can also be provided in DCI. 
· Number of repetition

At least for an aperiodic broadcast packet, repetitive transmission can be scheduled. The number of repetitions can be provided in DCI.
· Transmission type

The DCI scheduling broadcast transmission may differ from the unicast transmission as different QoS modules are used between them. On the other hand, it would be better to keep a single DCI format that applies to all transmission types. Therefore, the DCI should be designed to distinguish the scheduling of different transmission types. 

· Resource pool indicator

Since multiple resource pools can be enabled at the same time, a field indicating that which resource pool the DCI intends for should be considered, otherwise UE could be confused with the interpretation of the resource allocation field in DCI. 

· Time gap between transmissions

Similar to LTE V2X, DCI may contain the resource of different transmissions of the same TB of NR sidelink. The resources belonging to different transmissions can be non-consecutive otherwise the UE miss packets in a relatively long time due to half-duplex restriction. The time gap between resources for different transmission should be a part of DCI.

Proposal 22: For dynamic scheduling, the DCI should include a cross-carrier indicator, resource allocation for PSSCH/SCI, time offset, number of repetition transmission type, resource pool indicator and time gap between transmissions.

When the DCI is used for activation/deactivation of sidelink grant type-2, the following fields should be present:

· Grant index 

As multiple grants are supported, the grant index should be carried by DCI to inform UE of which grant the activation/de-activation command intends to.
· Activation/release indication 

In LTE, one explicit bit is used for activation/deactivation indication. However, in NR UL/DL SPS, the activation/release indication to apply is implicitly derived from the MCS and frequency assignment fields in the DCI rather than explicitly indicated. In our view, both methods work, the implicit way is slightly preferred as it facilitates to maintain the same DCI size as the dynamic grant.

· Time offset for type2 confirmation

RAN2 has agreed to support the confirmation for the activation/deactivation command. Thus the DCI should indicate the resource used for confirmation.

· Time offset between occasions
Similar to dynamic scheduling, the transmission occasion within the same periodicity may not be consecutive. In this case, the time gap between occasions should also be carried by DCI.
Proposal 23: For sidelink configured grant type-2 activation/deactivation, the DCI should include grant index, identification field for activation/deactivation, time offset for confirmation and time offset between occasions.

2.7. Resource pool
In this section, we analyze some potential issues for sidelink resource allocation.
· Case 1: Pool sharing between mode-1 and mode-2

Resource pool sharing between mode 3 and mode 4 has been studied in R15 eV2X, which is beneficial and desirable in NR. 
If a licensed carrier is used for sidelink, it is essential to avoid the severe interference from mode-2 sidelink to Uu. Considering that the slot format is quite flexible in NR Uu, i.e., hundreds of DL/UL combination can be configured for a cell; it would be difficult to ensure every pre-configured resource pool is consistent with each possible slot format configuration in Uu. As a result, it is hard to guarantee the pool sharing function. Meanwhile, the misalignment and interference between Uu and sidelink would become more severe compared to LTE and cannot be resolved by coordination. 

One straightforward solution is to introduce a predefined common resource pool, which can be shared by mode-1 and mode-2. In this case, as the network knows a priori that the mode-2 sidelink will follow a specific sidelink allocation, it can avoid allocating the resources overlapping with the shared resource pool to UL/DL transmission.

· Case 2: Flexibility of transmission

In order to realize that mode-2 UEs of different automobile vendors can communicate with each other, the pre-configured resources of different automobile vendors should at least partially overlap. There could be the following alternatives for consideration:

· Alt.1 Different vendors share the same pre-configurations.

· Alt.2 Different vendors share one common resource pool that is used for transmitting some fundamental information, including basic service and the synchronization signal.

In order to support various use cases in NR sidelink, the configuration of SCS, bandwidth, as well as the frequency-domain position of the pre-configured resource pool should be flexible enough to adapt to the requirements under different conditions. As for the first alternative, the pre-configuration for different vendors are entirely aligned. In this way, communications between different UEs can be easily achieved, but it would be difficult to meet the target requirements with relatively high restrictions.

On the other hand, for alternative 2, the common resource pool can be less diverge or even constant among different vendors, which is used only for a limited set of services and synchronization. Once the UE autonomous resource selection mode is activated, UE starts to transmit/receive signals on the common resource pool first. Then if needed, UE can be (re)configured onto other resource pools for special needs transmission. Moreover, it facilitates the reduction of processing complexity, because the UE is not required to monitor all possible resource pools blindly. Comparing with the first alternative, Alt. 2 provides better flexibility and scalability.
The design motivations for supporting communication between different vendors partly coincide with motivation of case 1 as discussed above. Therefore, the concept of common resource pool for mode-1 and mode-2 can also be used or extended for this case. No further coordination is needed for all the other pre-configured resource pools.
· Case 3: Fallback mechanism 

If radio link connection is established for sidelink UEs (e.g., for unicast), it is essential to handle the beam failure or radio link failure also in sidelink, especially in FR2. The connection supported by the failed beam pair would be blocked and is not able to resume until the beam pair is recovered. As the common resource pool always supports beam sweeping and provides beam related information, it can act as a fallback resource pool by default in case the ongoing transmission suffering lousy channel quality. Moreover, it is also beneficial for communication between UEs before unicast link established, or during the radio link reconfiguration.
· Case 4: Overhead for beam sweeping

At least for broadcast service and synchronization in FR2, beam sweeping is an essential feature for the transmission. In other cases like unicast transmission, it is not always required. Supporting beam sweeping in each resource pool every time leads to an increase in power consumption as well as a sustained decrease in resource efficiency. It would be better first to study whether there is a need to perform beam sweeping in each resource pool. In our view, at least one resource pool should be preserved for beam sweeping.
Proposal 24: There is at least a common resource pool defined for pool sharing, beam sweeping, and initial communication for a limited set of service, interference coordination and fallback operation.

2.8. LTE Uu to control NR SL

As RAN2 has already agreed that multiple configured sidelink grants are supported, to some extent multiple type1 configured sidelink grant should also be allowed in the LTE controlling NR sidelink scenario to handle services with vastly different reliabilities as well as latency requirements.

Proposal 25: Multiple configured sidelink grant type1 are supported for LTE Uu controlling NR sidelink.

Furthermore, it should be discussed that whether unicast and groupcast traffic can be supported in the LTE Uu controlling NR sidelink case with the condition that no additional function/procedure is to be introduced for LTE Uu. One main concern of supporting unicast and groupcast is that once a NACK is received, the TX UE will request resource allocation of retransmission from eNB by sending SR/BSR, implying that new LTE SR/BSR and new LTE DCI format carrying information of NR sidelink retransmission are required to be specified. However, RAN1 has already agreed to support unicast/groupcast transmission with HARQ feedback disabled. Therefore, at least for unicast/groupcast transmission without HARQ feedback, as long as the configuration of configured grant is defined as a container (OCTET STRING) and actual information just follows what defined in NR RRC, no additional change is required to LTE Uu. 
Observation 2. Unicast and groupcast transmission without HARQ feedback can be supported without LTE specification change in the case of LTE Uu controlling NR sidelink.

3. Conclusion

In this contribution, we discuss potential physical layer design for NR sidelink mode-1 scheduling and have the following observations and proposals:
Observation 1: The legacy SR/BSR is only used for initial transmission.
Observation 2. Unicast and groupcast transmission without HARQ feedback can be supported without LTE specification change in the case of LTE Uu controlling NR sidelink.
Proposal 1: The HARQ-ACK in uplink is reused for triggering sidelink retransmission.
Proposal 2: If BSR/SR is used for triggering retransmission, they should be enhanced to indicate the transmission type, HARQ ID, and destination. 
Proposal 3: If BSR/SR is used for triggering retransmission, they should be enhanced to distinguish initial transmission and retransmission, e.g., dedicated SR/BSR resource for sidelink transmission/retransmission, etc.
Proposal 4: At least cell-specific uplink symbols and flexible symbols in NR Uu can be used for NR sidelink.
Proposal 5: The case where a subset of symbols is used for sidelink only applies to mode-1 UE.
Proposal 6: In the case of resource pool configuration, a resource pool bitmap can be provided to indicate the resources allocated for sidelink operation.
Proposal 7: In the case of LTE Uu controlling NR sidelink, the eNB should broadcast or configure a semi-static TDD configuration (similar to the TDD-UL-DL-ConfigurationCommon in NR) to be used in NR sidelink.
Proposal 8: Mode-1 scheduling should be enhanced by considering the cast type and UE association, in order to tackle with the issues of half-duplex and transmission collision.
Proposal 9: Mode-1 UE reports additional assistant information in BSR to the network, such as the cast type and the buffer status information associated with the destination UE.
Proposal 10: Type-1 and type-2 configured sidelink grants should not be activated at the same time.
Proposal 11: The RRC configuration should contain at least the number of occasion, time offset, MCS range, periodicity, resource assignment for PSCCH/PSSCH and possibly HARQ feedback.
Proposal 12: For a TB, repetition with different redundancy versions should be supported.
Proposal 13: It is up to the transmitter to decide the RV sequence for the configured grant.
Proposal 14: The HARQ process ID of the configured grant is determined by the transmitter UE.
Proposal 15: HARQ ACK/NACK feedback can be supported for the configured sidelink grant. 
Proposal 16: Transmissions of different TBs within the same periodicity of a given grant is supported if RAN2 has no further restriction or concerns.
Proposal 17: Different transmissions of a TB should not cross multiple configured grants.
Proposal 18: At least separate activation/de-activation for different configured grant Type2 configurations are supported.
Proposal 19: Timing of configured sidelink grant configuration, for example, the time offset of transmission occasion and periodicity, should be defined based on the actual resources that can be used by sidelink.
Proposal 20: For dynamic scheduling in mode1, time offset between DCI and its associated sidelink transmissions should be specified.
Proposal 21: For determining the resource of PSFCH containing HARQ feedback, the time gap between PSSCH and the associated PSFCH should be defined by the timing of sidelink.
Proposal 22: For dynamic scheduling, the DCI should include a cross-carrier indicator, resource allocation for PSSCH/SCI, time offset, number of repetition transmission type, resource pool indicator and time gap between transmissions.
Proposal 23: For sidelink configured grant type-2 activation/deactivation, the DCI should include grant index, identification field for activation/deactivation, time offset for confirmation and time offset between occasions.
Proposal 24: There is at least a common resource pool defined for pool sharing, beam sweeping, and initial communication for a limited set of service, interference coordination and fallback operation.
Proposal 25: Multiple configured sidelink grant type1 are supported for LTE Uu controlling NR sidelink.
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Annex A

Table 1  System level simulation assumption

	Parameter
	value

	Deployment
	Highway scenario

	UE drop
	Option A (140km/h)

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz

	Subcarrier spacing
	30KHz

	TTI structure
	10 symbols for data

	Traffic parameter
	Traffic type: Aperiodic traffic

Packet arrival interval: 10ms+an exponential random variable with the mean of 10ms

Packet latency requirement: 10ms

Packet size: 200-2000byte

	HARQ max transmission time
	Four time

	HARQ combination method
	IR

	Communication type
	Unicast

	Channel model
	Sidelink highway channel model defined in 37.885 [3]
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