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1 Introduction

In last RAN1 meeting, control of sidelink by Uu was discussed and the following agreements are made. It is further clarified that mode 3 like operations is discussed under this agenda. 
Agreements:

· NR Uu can assign NR sidelink resources for the following:

· Shared licensed carrier between Uu and NR sidelink

· Dedicated NR sidelink carrier

Agreements:

· Study at least the following NR sidelink resource allocation techniques:

· Dynamic resource allocation

· Activation/deactivation based

· E.g., semi-persistent scheduling allocation or NR grant free type-2 

· RRC (pre-)configured

· E.g., configured NR grant type-1, UE autonomous selection of resource(s) from resources configured by RRC

· RAN1 will study the level of network control, e.g., whether the UE may select other parameters (e.g., MCS) and/or the exact transmission resources, and whether the selection is autonomous or not

In this contribution, we provide our views on necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network. 
2 Mode 1 in NR
In LTE V2X mode 3, resource allocation for a UE is controlled by eNB. That is, eNB send a DCI 5A to allocate resources for a sidelink process, and then UE follows scheduling information in the DCI 5A to transmit SA/data on the scheduled resources. 
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Figure 1: LTE V2X transmission mode 3
DCI 5A could be used to assign one-shot sidelink resource or assign SPS sidelink resources. For SPS, DCI 5A carries SL SPS configuration index, activation/release indication and the allocated time/frequency resources. For TDD, SL index is also included which is a timing offset of the allocated time/frequency resource. 

The similar procedure could be supported in NR. That is, a DCI is used to dynamically assign a resource or assign SPS resources for NR sidelink operations. Other information may be added considering the support of HARQ-ACK transmission and other functions for unicast/groupcast in NR V2X. The option 3 discussed in last meeting, i.e. RRC (pre-)configuration of resource for each UE, needs further study. The difference from the second operation, i.e. SPS resource allocation and DCI activation/deactivation is the speed to response change of resources. Using RRC (pre-)configuration can only statically configuring the sidelink resource to one UE and the consequence is large delay, which is not feasible to the dynamic traffic as defined in those advanced V2X services and is not feasible to the dynamic communication environment in V2X systems. In V2X scenario, each vehicle is moving fast hence its surrounding other vehicles and RSU if deployed are also changing fast. As a result, a resource collision free at a moment may collide with other UE at a next moment, which degrade performance of the option 3. Furthermore, the function of option 3 can be realized by option 2. Therefore, we prefer to focus on the first two options (dynamic resource allocation and activation/deactivation based) and the method of using DCI defined LTE mode 3 can be re-used here. 
Proposal 1:

· NR V2X supports dynamic resource allocation and activation/deactivation-based resource allocation in NR mode 1.

· The DCI-based method defined in LTE mode 3 is adopted in NR V2X.
In LTE procedure, there is no reply from UE to eNB regarding whether DCI 5A is successfully received. Since gNB doesn’t involve in the sidelink communication after sending DCI 5A, gNB may not know whether UE correctly decodes the DCI 5A and actually does the sidelink communication. Especially for SL SPS communication, the allocated resources by DCI 5A will last for a long time. If DCI 5A is missed, many resources are wasted. UE has to send scheduling request again for resource assignment. Multiple alternatives can be considered for this issue, e.g. increasing the transmission power and/or aggregation level of PDCCH carrying DCI 5A, introducing a HARQ-ACK feedback to the DCI 5A to gNB. 
In mode 3, a UE without a configured grant must transmit scheduling request to gNB, then gNB can assign the sidelink resource for transmission. As discussed in [4], for grant-based NR PUSCH, the average delay from packet arriving (trigger SR transmission) to initial PUSCH transmission is larger than 1.21ms and 1.41ms for FDD and TDD with 15kHz SCS, and larger than 0.64ms and 0.7ms for FDD and TDD with 60kHz SCS. One more component for latency is multiple transmissions of a packet. In sidelink, multiple transmissions are critical to mitigate half duplex problem. Depending the number of (re)transmissions and time gap between the (re)transmission, the total delay of mode 3 transmission could be derived. The end-to-end latency of advanced V2X services can be 3ms. The mode 3 resource allocation mechanism in LTE V2X seems to have difficulty to support such low latency. We need to study each component delay and also to study how to minimize it. Using physical layer signaling for requesting sidelink resource, instead of higher layer signaling, could be low-latency method. One solution is using PUCCH channel and a SR-like sidelink resource request can be considered. Another possible solution is 2-step RACH-based signaling. The V2X UE can use msg1 to request sidelink resource and the gNB sends the sidelink resource scheduling in RACH msg2. 
It is preferred to support HARQ transmission and MIMO transmission/link adaptation in sidelink to enhance the reliability and throughput. If HARQ is supported, in the mode 1 of gNB scheduling sidelink resource, the UE can report the HARQ-ACK feedback to the serving gNB and then the gNB can schedule sidelink resource accordingly. That can reduce the latency of the procedure of sidelink resource requesting/scheduling/transmission. Regarding the MIMO transmission and link adaptation, the receiver UE shall feedback some sidelink CSI to the transmitter side. In the NR mode 1, the UE can feedback the sidelink CSI to the serving gNB and the gNB can then either forward the CSI to the transmitter UE or schedule the sidelink resource accordingly. 
Proposal 2:

· The reliability of DCI for scheduling sidelink resource needs improvement. 
· NR studies low-latency sidelink resource requesting and scheduling mechanisms to satisfy the tight latency requirement in advanced V2X services .
· NR studies to report sidelink HARQ-ACK/CSI information to the gNB. 

3 SL resources on shared carrier

LTE sidelink is operating on UL carrier of a FDD cell or UL subframe of a TDD cell. On reason to choose UL carrier of a FDD cell is that a regulation may forbid a UE from automatic transmission on a DL carrier. The principle can apply to NR sidelink with extension. NR support flexible slot structure including D, X and U. ‘D’ means fixed DL symbol, ‘U’ means fixed UL symbol and ‘X’ means symbols having flexible directions derived by other criteria. It is straightforward that ‘D’ cannot be used NR sidelink following LTE V2X. Different options can be considered handling ‘X’ and ‘U’, e.g. 

· Option 1: UL only

· Option 2: UL+X, 

· Option 3: X only

In NR, ‘X’ region configured by high layer signaling may be configured to transmit periodic DL channels/signals and/or periodic UL channels/signals. Allowing ‘X’ for sidelink may result in gNB DL transmission and sidelink transmission in the same slot/symbol which cause co-existence issue between Uu and sidelink. It is possible to rely on gNB configuration/scheduling to avoid such collisions. For example, if sidelink is allowed in ‘X’ region in a slot, dynamic SFI can be used to cancel the configured DL channels/signals as well as UL channels/signals. It is slightly preferred to rely Option 2 for sidelink resource allocation.  
In the last meeting discussion, there was proposal to introduce new state of ‘X’ for sidelink transmission. However, such a scheme will further complicate the handling of UL/DL symbol allocation of a slot. In fact, the actual slot/symbols that will be used for sidelink transmission is controlled by the signaling for resource pool configuration, it doesn’t matter much more or less resource are considered as the super pool of slot/symbols for sidelink. Therefore, we prefer to not introduce new state of ‘X’. 

One more issue is whether the sidelink resource allocation is on slot-basis or symbol-basis. If it is slot based, a slot can be a candidate for sidelink transmission if all symbols in the slot satisfying the condition. For a symbol based allocation, the partial slot containing ‘X’ and/or ‘U’ can be used for sidelink transmission. if the number of ‘X’ and/or ‘U’ is too small, it needs further study if sidelink transmission is allowed. 
Proposal 3:

· Both ‘U’ and ‘X’ symbols can be used for sidelink; 
· No new state of ‘X’ is introduced for sidelink;
· NR studies whether sidelink resource allocation is on slot-basis or symbol-basis. 
4 Power control
In LTE V2X, sidelink power control is only designed to minimize the impact to cellular UL transmission. The pathloss (PL) between the eNB and UE is used in the open loop PC so that the reception power at eNB is controllable. For NR advanced V2X services, that design is not sufficient. For example, some transmission of advanced V2X services are unicast or groupcast where the target is particular UE(s) and the Tx power might not be best for the transmission to them. When the sildelink between transmitter and receiver(s) is in good channel condition, the transmission power can be further reduced to reduce the interference level. 
In NR mode 1, the transmission power of sidelink transmission can be controlled by the gNB. The UE can reports the pathloss of sidelinks to the gNB and then gNB can coordinate/control the sidelink transmission power of all the V2X UEs under his coverage. 
Proposal 4:

· gNB can control the sidelink transmission power at least for unicast and groupcast in NR mode 1. 
5 Mode 1/2 pool sharing
LTE V2X Rel-15 supports sharing a same resource pool for mode 3 and mode 4 operations. A mode 4 UE after sensing the channel first excludes the resources with PSSCH-RSRP higher than a threshold, then keeps the 20% of resources with lowest S-RSSI. Finally, a resource (for one or two transmissions of a packet) is randomly selected. The above procedure can avoid the mutual interference between mode 3 UE and mode 4 UE from a mode 4 UE perspective, since resource corresponding to a high power mode 3 UE is excluded. A mode 3 UE will sense the channel and report its measurements to eNB, so that eNB can schedule a resource to the mode 3 UE and avoid strong interference between the mode 3 UEs and other UEs. However, there are limitations on the above scheme. 
· There is delay between the time of a mode 3 UE’s measurements and the time of eNB’s scheduling, which may make the reported measurement outdated. The delay is upper bounded by resource request and resource allocation at Uu uplink. 

· The payload size for the report, e.g. reporting information for each slot and each sub-channel in the selection window, could be quite large, which become a burden for Uu uplink. 

If mode 1/2 pool sharing is supported in NR V2X, it should be supported from the beginning. Potential schemes to enhance the performance and reduce the overhead should be studied. 

Proposal 5:

· If mode 1/2 pool sharing is supported in NR V2X, it should be supported from the beginning. Potential schemes to enhance the performance and reduce the overhead should be studied. 
6 Conclusions
In this contribution, we discuss the potential issues that could be enhanced for the Uu interface to control NR sidelink. We make the following proposals, 
Proposal 1:

· NR V2X supports dynamic resource allocation and activation/deactivation-based resource allocation in NR mode 1.

· The DCI-based method defined in LTE mode 3 is adopted in NR V2X.
Proposal 2:

· The reliability of DCI for scheduling sidelink resource needs improvement. 
· NR studies low-latency sidelink resource requesting and scheduling mechanisms to satisfy the tight latency requirement in advanced V2X services .
· NR studies to report sidelink HARQ-ACK/CSI information to the gNB. 

Proposal 3:

· Both ‘U’ and ‘X’ symbols can be used for sidelink; 
· No new state of ‘X’ is introduced for sidelink;
· NR studies whether sidelink resource allocation is on slot-basis or symbol-basis. 
Proposal 4:

· gNB can control the sidelink transmission power at least for unicast and groupcast in NR mode 1. 
Proposal 5:

· If mode 1/2 pool sharing is supported in NR V2X, it should be supported from the beginning. Potential schemes to enhance the performance and reduce the overhead should be studied. 
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