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1. Introduction


It has been discussed in the RAN1#AH1901 meeting on the benefits and solutions for the enhancements of Uu link to control sidelink. The following agreements were achieved [1]:

	Agreements:

· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 

· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)

· FFS for mode 1

Agreements:

· It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 

· At least PUCCH is used to report the information

· If feasible, RAN1 reuses PUCCH defined in Rel-15
· The gNB can also schedule re-transmission resource

· FFS transmitter UE and/or receiver UE

· If receiver UE, the indication is in the form of HARQ ACK/NAK

· If transmitter UE, FFS

Agreements:

· When NR Uu schedules NR SL mode 1, both type 1 and type 2 configured grants are supported for NR SL 

Agreements:

· LTE Uu to schedule NR sidelink mode 1 is supported: 

· The support is done based on type 1 configured grant with configuration restricted to time/frequency resources & periodicity, with the condition that no additional function/procedure is to be introduced for LTE Uu

· Both DCI based scheduling and type 2 configured grant scheduling are not supported for scheduling NR sidelink mode 1

· Send an LS to RAN2 – Phillipe (HW), R1-1901410, which is approved with the final LS in R1-1901445


In this paper, we mainly focus on the necessary enhancements of sidelink mode-1.
2. NR Uu link to control NR sidelink

It has been agreed to support scheduled resource allocation, i.e., mode-1, for NR sidelink. Similar to that in LTE, enhancements are required in NR Uu interface for NR mode-1 operation.

2.1. Scheduling timing

The scheduling timing should be defined for the sidelink scheduling. As illustrated in Figure 1, 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 transmitter/receiver is required to inform gNB of ACK/NACK, another quantity K1’ which indicates the timing offset between PSSCH reception and corresponding acknowledgment transmission on UL is needed as well. 
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Figure 1．Time delay in mode-1 scheduling

If NR sidelink scheduling is implemented based on the NR UL mechanism, the delay K2’ between DCI and the corresponding sidelink transmission will be similar to the case of UL transmission scheduled by K2 in the UL 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. 

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, considering that the discontinuity of sidelink resource pool in time domain requires larger time offset than NR. 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 2, 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. 
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Figure 2．Example of K0’=2 slot

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 for all potential UL/DL configurations to avoid 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 1: Further study is needed on how to define each timing offset for mode-1 scheduling.

Proposal 2: 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.
2.2. SFCI for sidelink mode-1

· The content of the SFCI report

For mode-1 unicast and groupcast, it is beneficial to forward SFCI to the gNB. For example, the HARQ-ACK for sidelink transmission is necessary as the gNB is responsible for indicating a UE that, whether retransmission is needed in the next instance, or it can flush the soft buffer of the previous sidelink scheduling. 

CSI report that includes different combinations of PMI, RI, and CQI has also been discussed in the previous meeting. As channel reciprocity cannot be used by the gNB, CSI feedback is also necessary for sidelink scheduling. Although the PMI in sidelink could be very unpredictable in the sidelink environment, it may still work in some cases with stable channel condition, e.g., platooning. If PMI report feedback is included in SFCI, it does not mean the transmitter is forced to use the indicated PMI. For example, the transmitter may forward the received PMI to the gNB to get some guidance. The gNB may recommend some PMIs that bring lower interference to Uu interface. Moreover, having the reported PMI from different sidelink UEs can be advantageous to enable sidelink MU-MIMO. RI should also be reported due to the different reception capabilities of different UEs.
CQI feedback, at least the wideband CQI reflecting the average channel quality over the sidelink transmission bandwidth, is also considered. With the instantaneous (signaling-triggered) CQI, gNB is possible to better control sidelink by adjusting link adaptation parameters and/or power control commands. 
The beam measurement and reporting framework should also be enhanced for beam management in sidelink if multi-beam transmission is supported. Due to the half-duplex restriction, a UE may need to report the selected beam(s) for communication between the peer UE in sidelink so that the network can properly schedule the transmission and reception between UEs in the sidelink. For example, the network should indicate the suitable Tx and Rx beam when scheduling the sidelink communication to decrease the interference, and it should avoid to schedule transmissions to the same UE from the opposite sides at the same instance. Without the beam measurement report of sidelink from UEs, the network would have difficulty to avoid such a simultaneous reception issue.

Based on the above discussion, the SFCI may include:
· HARQ-ACK/DTX

· CSI report: PMI, CQI, RI

· Beam information: beam report, QCL source

Proposal 3: A UE should report HARQ-ACK/DTX and may include other feedback information, PMI, RI, CQI, and selected beam(s) between peers in sidelink to assist the network scheduling.

· SFCI feedback scheme in mode-1

According to the previous meeting, it is supported that in mode-1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission. One remaining issue is which UE is required to send this indicator if both the transmitter and the receiver are linked to the same gNB. Another issue is whether all of the following cases are under the scope of mode-1 based SFCI forwarding. 

· Case 1: Mode-1 transmitter + mode-1 receiver, where both of them belong to the same gNB

· Case 2: Mode-1 transmitter + mode-1 receiver, where they belong to different gNBs
· Case 3: Mode-1 transmitter + mode-2 receiver
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Figure 3．Case 1
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Figure 4．Case 2
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Figure 5．Case 3
Firstly, in terms of case 1, case 2 and case 3, there are three options for consideration:

· Opt 1. SFCI feedback is carried by the receiving UE

In this option, the receiving UE takes the role to feedback SFCI to the gNB, implying that both the transmitter and receiver must have a UL connection with the same gNB. 

In case 1, this option would be beneficial to reduce the control signaling overhead and forwarding delay, as the receiver sends sidelink ACK/NACK to the gNB directly instead of forwarding via the transmitter. 

In case 2, if some inter-gNB coordination is allowed, a gNB of the receiver can forward ACK/NACK to the gNB of the transmitter through backhaul. However, the coordination process usually takes longer than one can get ACK/NACK directly, and the complexity of backhaul coordination may be an issue. If it is not allowed, the gNB of the transmitter is unaware of the scheduling decision of the receiver, in which case, the receiver can only function just like a mode-2 UE.

As an uplink may not be established for mode-2 UE, there is no possibility for a mode-2 receiver to forward an SFCI to the gNB. This means, in case 3 (or case 2 with no backhaul coordination), if the mode-1 transmitter wants to communicate with the receiver, it should either request the gNB to schedule a broadcast sidelink transmission for them or try to set up a unicast connection in UE autonomous resource selection manner by itself. For the former case, the scheduled sidelink transmission with harsh QoS requirements cannot be guaranteed as the receiver cannot perform SFCI feedback; while for the latter case, the mode-1 transmitter should be capable of performing both mode-1 and mode-2 at the same time.

· Opt 2. SFCI feedback is forwarded by the transmitting UE

This option works for the first three cases. The receiver should transmit the SFCI to a receiver on sidelink first. After receiving SFCI information, the transmitter can send a request to the gNB for new transmission/retransmission. This option allows the gNB to schedule the unicast/groupcast communication either between mode-1 and mode-2 UE or between mode-1 UEs controlled by different gNBs. However, it involves additional sidelink signaling overhead. SFCI on sidelink with a heavy load could fail or delay if a contention-based mechanism is used for the PSFCH resource allocation by the receiver. Moreover, the scheduling delay would be inevitably increased due to the additional forwarding by the transmitter. The transmitter may also take the risk of being incapable of collecting some SFCI feedbacks when it is reporting to gNB since it supports only half-duplex operation on the sidelink frequency.

· Opt 3. The gNB decides which UE to feedback SFCI

Taking the characteristics of adopting Opt.1 and Opt.2 into account, Opt.3 can be considered as a trade-off between them. In this option, it can be left to gNB to decide whether transmitter or receiver should forward SFCI based on the status of UE. For example, in case 1 where both transmitter and receiver are scheduled by the same gNB, the gNB can weight one choice against the other and dynamically determines who should feedback SFCI based on other inputs such as the traffic load, QoS requirement, and interference level. If it is case 3 where the receiver is not under the control of the gNB, the transmitter is used to forward SFCI by default. 

Table 1. Pros and cons for each of the options

	
	Case1
	Case2
	Case3

	Opt1.
	· Receiver feedbacks the SFCI

· low signaling overhead

· lower scheduling delay
	Not support
	Not support

	Opt2.
	· Transmitter feedbacks the SFCI

· Increased sidelink burden and scheduling delay

· Risk of being incapable of collecting SFCI feedbacks when the transmitter is reporting to gNB

	Opt3.
	· gNB decides which UE feedback SFCI

· higher flexibility

· lower scheduling delay
	· Transmitter feedbacks the SFCI

· Increased sidelink burden and scheduling delay

· Risk of being incapable of collecting SFCI feedbacks when it is reporting to gNB


Table 1 summarizes the pros and cons of each option. Opt.1 is a simple and straightforward solution, but only workable in case 1. Opt.2 supports more scenarios, however, increasing the overhead and latency for all the cases.  Considering that case 1 is more typical and important than other cases, we think at least Opt.1 should be supported. Opt.3 can be additionally considered as an enhancement for case 2 and 3 if necessary.
Proposal 4: For mode-1 scheduling, if the receiver has established the uplink connection with the gNB of the transmitter, the receiver sends HARQ ACK/NAK to gNB to indicate the need for retransmission.

2.3. Sidelink resource in the licensed band

In LTE, only sidelink transmission on the UL resource is allowed to happen according to the regulatory rules. Since NR Uu licensed band can be shared with NR SL, 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 UL resource only, which imposes some restriction 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 UL symbols in time domain. It is likely that some advanced services with strict requirements may need mode-1 to ensure good performance. However, with Opt.1, the available sidelink resources on the licensed band may be insufficient to meet the need when DL and X contribute a large portion of the subframe. 

If flexible symbols can be reused, the gNB can allocate more contiguous X+UL symbols for sidelink than Opt.1. 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 is able to mitigate the interference.

Proposal 5: At least cell-specific uplink symbols and flexible symbols in NR Uu can be used for NR sidelink.

2.4. Resource pool enhancement

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 considered beneficial and should be supported 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 the purpose of supporting 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 6: There is at least a common resource pool defined for the purposes of pool sharing, multi-beam operation, initial communication for a limited set of service, interference coordination and fallback operation.

2.5. Dual mode operation

In RAN2#104 meeting, RAN2 made the following agreement:

	agreement:
RAN2 will support the case a UE can be configured to perform both mode-1 and mode-2 at the same time assuming RAN1 does not have concern on it. FFS on the scenario which it is applicable.


RAN2 has agreed that a connected UE can perform mode-1 and mode-2 simultaneously. The reason is to support different V2X services with distinct QoS requirements at the same time, e.g., a UE is operating mode-1 in the licensed band for low latency service while performing mode-2 sensing in ITS band to do some basic sidelink services such as CAM. However, it is not clear is it applicable to only intra-carrier, only inter-carrier or both.

When it is applicable to inter-carrier only, the solutions considered for the coexistence of LTE sidelink and NR sidelink can be reused for issues of mode-1 and mode-2 coexistence. 

If it can be applied to intra-carrier, there are two possible cases:

· Case 1: Resources for mode-1 and mode-2 are overlapped in time domain.

· Case 2: Resources for mode-1 and mode-2 are separated by time.

As for the first case, the problem is that the mode-1 resource scheduled by the gNB may collide with that selected autonomously by UE in mode-2. In order to deal with this issue, the dual mode UE needs to inform gNB of the sidelink resources that it intends to use in mode-2 in advance, causing large UL overhead and complex strategy of resource allocation. Moreover, the report could be out of date as the sensing result varies over time so the collision issue cannot be resolved. In case 2, the resource pool for mode-1 and mode-2 are TDM’ed. The main advantage of this case is the reduced scheduling complexity. 

Proposal 7: If a UE can perform mode-1 and mode-2 simultaneously, the resource for the two modes should be separated in time.

2.6. Other remaining issues
In order 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. The following field can be considered for DCI content: 

· Inter-RAT indicator 

If the LTE controlled mode-1 is approved, it is preferred to use a single DCI format for inter-RAT/intra-RAT mode-1 scheduling from a perspective of reducing the blind detection complexity.

· 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, is supported, the resources allocated for PSCCH (including the timing offsets discussed in section 2.1) should be indicated in the DCI separately. Moreover, the resource allocation field should also take the PSFCH resource assignment into account 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.

· Transmission type

The DCI scheduling broadcast transmission may differ from 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 is applicable 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. 

Proposal 8: The DCI should include inter-RAT indicator, cross-carrier indicator, resource allocation for SFI/PSSCH/SCI, transmission type and resource pool indicator.

Moreover, as discussed above, the broadcast transmission needs multiple slots for beam sweeping, while the unicast transmission may only require one shot transmission. In order to assign the proper sidelink resource for different kinds of transmission, the BSR should indicate not only the buffer size but also the transmission type of the data. If more than one unicast (or groupcast) links are supported in a UE, the BSR report from that UE should also indicate which link the data belongs to. Otherwise, the network may not be able to schedule a suitable beam for transmission and reception. 

Proposal 9: BSR for sidelink should be enhanced to indicate the transmission type and destination.

Finally, the SR may also be enhanced for sidelink. A dedicated SR resource for sidelink transmission can be introduced. Once the sidelink SR detected, the network knows there is data to be transmitted in sidelink from the beginning, which helps to reduce the scheduling delay. 

Proposal 10: A dedicated SR resource for sidelink transmission may be introduced.

3. Conclusion

In this contribution, we discuss the necessary enhancement for Uu-controlled sidelink, and we made the following proposals:
Proposal 1: Further study is needed on how to define each timing offset for mode-1 scheduling.
Proposal 2: 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 3: A UE should report HARQ-ACK/DTX and may include other feedback information, PMI, RI, CQI, and selected beam(s) between peers in sidelink to assist the network scheduling.
Proposal 4: For mode-1 scheduling, if the receiver has established the uplink connection with the gNB of the transmitter, the receiver sends HARQ ACK/NAK to gNB to indicate the need for retransmission.
Proposal 5: At least cell-specific uplink symbols and flexible symbols in NR Uu can be used for NR sidelink.
Proposal 6: There is at least a common resource pool defined for the purposes of pool sharing, multi-beam operation, initial communication for a limited set of service, interference coordination and fallback operation.
Proposal 7: If a UE can perform mode-1 and mode-2 simultaneously, the resource for the two modes should be separated in time.
Proposal 8: The DCI should include inter-RAT indicator, cross-carrier indicator, resource allocation for SFI/PSSCH/SCI, transmission type and resource pool indicator.
Proposal 9: BSR for sidelink should be enhanced to indicate the transmission type and destination.
Proposal 10: A dedicated SR resource for sidelink transmission may be introduced.
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