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Introduction
In TR 38.885, it was stated “The study of impacts on the F1 interface includes whether the resource pool for side link communication is configured in the gNB-CU or gNB-DU.”[1]. In this contribution, we will further discuss potential impacts on F1 interface for support of NR V2X sidelink communication in gNB-CU/DU split scenario.

Discussion

A gNB may consist of a gNB-CU and one or more gNB-DU(s). A gNB-CU and a gNB-DU is connected via F1 interface, as shown in Figure 1. The gNB-CU is a logical node hosting RRC, SDAP and PDCP layers of the gNB, and the gNB-DU is a logical node hosting RLC, MAC and PHY layers of the gNB. The gND-DU is responsible for managing the radio resources and the gNB-CU terminates the RRC. 
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Figure 1  Overall architecture

In RAN1#93 meeting, it was agreed that at least two sidelink resource allocation modes are defined for NR-V2X sidelink communication.

Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s). It further includes dynamic scheduling, configured grant type 1 and configured grant type 2 configuration.
Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources.

With above information in mind, we will discuss how UEs in different RRC states acquire sidelink resources for NR V2X sidelink communication in gNB-CU/DU split scenario.
2.1 OAM configures NR V2X resource pool whether to CU or DU
It is understood that both gNB-CU and gNB-DU are managed directly by OAM. The gNB-DU and its cells are configured by OAM in the F1 pre-operational state. Scheduling of system broadcast information is carried out in the gNB-DU. The gNB-DU is responsible for transmitting the system information according to the scheduling parameters available. Moreover, the gNB-DU is responsible for the encoding of NR-MIB and SIB1 and the gNB-CU is responsible for the encoding of other SI messages.
When it comes to NR V2X, firstly, it is necessary to consider whether NR V2X resource pool is configured to gNB-CU or gNB-DU by OAM. To support NR V2X sidelink communication in case of gNB-CU/gNB-DU split, it is natural to inherit the basical functionality split principle for gNB-DU and gNB-CU. Therefore, the V2X sidelink resource allocation should be configured by gNB-DU, at least for NR mode 1. It is expected that a specific SIB for NR V2X is defined as in LTE V2X. The newly defined V2X SIB is other SI message which should be encoded by gNB-CU. It follows that both the gNB-DU and gNB-CU need to know the initial NR V2X resource pool configuration. 

Observation 1: Both the gNB-DU and gNB-CU should have knowledge of the initial NR V2X resource pool configuration. 

There are three ways for the gNB-DU and gNB-CU to get knowledge of the NR V2X resource pool configuration:

Option 1: NR V2X resource pool is configured to gNB-CU and gNB-DU directly by OAM. Since both gNB-CU and gNB-DU have interface with OAM, it is easy to implement.  

Option 2: NR V2X resource pool is configured to gNB-CU by OAM. Subsequently, in F1 interface setup procedure, the gNB-CU sends the encoded V2X SIB which includes the V2X resource pool information to gNB-DU. Then the gNB-DU gets to know the V2X resource pool. In this case, it requires the gNB-DU can read the detailed information in the encoded V2X SIB. Alternatively, the gNB-CU can send the V2X resource pool information to gNB-DU via CU to DU container or other similarly F1 information element. By this way, the gNB-DU can recognize the detailed V2X resource pool information. However, the F1 message should be enhanced to transmit V2X resource pool information.
Option 3: NR V2X resource pool is configured to gNB-DU by OAM. Subsequently, in F1 interface setup procedure, the gNB-DU sends the V2X resource pool information to gNB-CU via served cell information or other similarly F1 information element which should be identified by gNB-CU. Then the gNB-DU gets to know the V2X resource pool. Similar to option 2, the F1 message should be enhanced to transmit V2X resource pool information. Compared to option 1, this option raises more F1 resources consumption. 

Observation 2: If NR V2X resource pool is configured to only one of gNB-CU and gNB-DU, F1 messages should be enhanced to transmit V2X resource pool information for the purpose of the other node to get the V2X resource pool. 
Based on the above discussion, Option 1 is the easiest one to realize. Therefore, we prefer that the NR V2X resource pool is configured to gNB-CU and gNB-DU directly by OAM.
Observation 3: V2X resource pool could be configured to both gNB-CU and gNB-DU directly by OAM.
2.2 V2X SIB acquisition
窗体底端

As aforementioned, in NR, scheduling of system broadcast information is carried out in the gNB-DU. The gNB-DU is responsible for transmitting the system information according to the scheduling parameters available. Moreover, the gNB-DU is responsible for the encoding of NR-MIB and SIB1 and the gNB-CU is responsible for the encoding of other SI messages. In F1 interface setup procedure, the gNB-CU sends the encoded all other SIBs to gNB-DU. If SIBs other than SIB1 are not broadcast, RRC idle/inactive UEs can apply SI acquisition procedure to acquire other SIBs from gNB-DU. In specific, if PRACH resources for SI request is configured which is included in SIB1 (msg1 based on demand SI), UE uses the configured PRACH resources to initiate random access procedure for SI request. When receiving the SI request, gNB-DU responses and broadcasts the requested SIB. Otherwise, if PRACH resources for SI request is not configured (msg3 based on demand SI), UE transmits RRCSystemInfoRequest to indicate the SIB it requires. When receiving the RRC message, gNB-DU generates F1 initial UL RRC message transfer message containing the RRC message and sends it to gNB-CU. The gNB-CU confirms the received SI request from the UE and commands the gNB-DU to broadcast the requested other SIBs by F1 system information delivery command message. Then the gNB-DU responses the UE with ACK and broadcasts the requested SIBs. 
As regard to V2X SIB, in F1 interface setup procedure, the gNB-CU sends the encoded V2X SIB to gNB-DU. Then the legacy msg1- and msg3-based on demand SI procedures in gNB-CU/DU split scenario can be reused for RRC idle/inactive UE acquiring of V2X SIB, with addition that the V2X SIB index should be included in related RRC message and F1 message. 

Observation 4: The gNB-CU can send V2X SIB together with all other SIBs owned by gNB-CU to gNB-DU in F1 interface setup procedure.
Proposal 1: The legacy on demand SI procedures in gNB-CU/DU split scenario can be reused for RRC idle/inactive UE acquiring of V2X SIB, with addition that the V2X SIB index should be included in related RRC message and F1 message.
For RRC connected UE, if common search space is not configured, network will provide all other SIBs to UE via RRC reconfiguration. There may be not all UEs interested in/supported for V2X sidelink communication, so that the V2X SIB may not be configured to UE together with other SIBs. It can be considered that only when UE indicates it supports/interests in V2X sidelink communication, network provides the V2X SIB to UE within RRC reconfiguration. For example, when receiving sidelinkUEInformation, gNB-DU forwards the RRC message to gNB-CU, and then gNB-CU includes the V2X SIB in RRC reconfiguration and sends it to UE. However, this also depends on RAN2 discussion.
Observation 5: For RRC connected UE, if common search space is not configured, the gNB-CU can provide the V2X SIB to UE within RRC reconfiguration.

By receiving V2X SIB, RRC idle/inactive UEs can obtain NR mode 2 resources for V2X sidelink transmission and reception resources for V2X sidelink monitoring. For RRC connected UE, it may obtain reception resources from V2X SIB and transmission resources from gNB, as in LTE V2X. 
2.3 V2X resource configuration for RRC connected UE
窗体顶端

For RRC connected UE, it should acquire NR V2X sidelink communication resources from gNB dedicatedly. Specifically, UE sends sidelink resource request (e.g. sidelinkUEInformation or UE assistance information for semi-persistent scheduling) to gNB-DU. Then gNB-DU forwards the encapsulated RRC message to gNB-CU via F1 message (e.g. UL RRC message transfer). When gNB-CU receives sidelink resource request from UE, there are two ways for determination of sidelink resources allocation.

Option 1: gNB-CU requests gNB-DU to allocate sidelink resources for the UE. gNB-DU makes determination of sidelink resources allocation and sends the sidelink resources configuration to gNB-CU. gNB-CU generates RRC reconfiguration to include the sidelink resources configuration and sends it to UE.
Option 2: gNB-CU decides whether to allocate sidelink resources for the UE. If dynamic or configured grant type 2 sidelink resources are allocated, gNB-CU further request gNB-DU to schedule. If mode 2 or configured grant type 1 sidelink resources are allocated, gNB-CU configures for UE directly by RRC reconfiguration.
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         Figure 2  Option 1                                               Figure 3 Option 2 for NR mode 2
In Option 1, it is the responsibility for gNB-DU to determine the sidelink resource allocation for both mode 1 and mode 2. This case is more closely to the principle in legacy NR CU/DU split that DU is responsible for resource allocation. For the sidelink resources request gNB-CU sent to gNB-DU over F1 message, it may contain some sidelink/assistance information from UE, such as sidelink cast type, available frequencies/traffic patterns/QoS parameters for specific destination and so on. Then gNB-DU allocates sidelink resources based on these information and sends the sidelink resource configuration to gNB-CU via F1 message. The detailed information in sidelink resource configuration is depend on whether dynamic, configured grant type 1, configured grant type 2 or mode 2 sidelink resources are configured. Upon receiving the configuration, gNB-CU generates RRC reconfiguration for the UE. Afterward, if dynamic or configured grant type 2 sidelink resource is configured, gNB-DU should further allocate SL grant or activate/deactivate configured grant with DCI. As we can see, in this option, F1 messages should be enhanced for sidelink resource requesting and configuration. In addition, it raises more F1 signalling overhead and extra latency for sidelink resource scheduling. 

Proposal 2: If gNB-DU is responsible for determination of sidelink resource allocation, F1 messages should be enhanced for sidelink resource requesting and configuration.
Since gNB-CU can obtain V2X resource pools from OAM, and know the utilization of the resource pools if CBR measurement and sensing result reporting or similar mechanism is supported, it is possible that gNB-CU determines of sidelink resource configuration, i.e. Option 2. If dynamic or configured grant type 2 is configured, gNB-CU further indicates gNB-DU to allocate SL grant or activate/deactivate configured grant with DCI by sending information such as configured mode 1 resource pool and configured grant type 2 related configuration to gNB-DU. F1 message should be enhanced to transmit such sidelink related information. If configured grant type 1 or mode 2 sidleink resource is configured, gNB-CU can directly configure it for UE by RRC reconfiguration. In this case, the F1 signalling overhead and the delay of sidelink resource configuration can be reduced. Therefore, we prefer Option 2.
Proposal 3:  It is possible that gNB-CU makes determination of sidelink resources allocation. If configured grant type 1 or mode 2 sidelink resources are allocated, gNB-CU can configure for UE directly. If dynamic or configured grant type 2 sidelink resources are allocated, F1 message should be enhanced to transmit sidelink related configuration for gNB-CU further requesting gNB-DU to schedule for UE with DCI. 
Conclusion
In this contribution, we discussed potential impacts on F1 interface for support of NR V2X sidelink communication in gNB-CU/DU split scenario. And we have the following observations and proposals:

Observation 1: Both the gNB-DU and gNB-CU should have knowledge of the initial NR V2X resource pool configuration.

Observation 2: If NR V2X resource pool is configured to only one of gNB-CU and gNB-DU, F1 messages should be enhanced to transmit V2X resource pool information for the purpose of the other node to get the V2X resource pool. 
Observation 3: V2X resource pool could be configured to both gNB-CU and gNB-DU directly by OAM.

Observation 4: The gNB-CU can send V2X SIB together with all other SIBs owned by gNB-CU to gNB-DU in F1 interface setup procedure.
Proposal 1: The legacy on demand SI procedures in gNB-CU/DU split scenario can be reused for RRC idle/inactive UE acquiring of V2X SIB. With addition that the V2X SIB index should be included in related RRC message and F1 message.
Observation 5: For RRC connected UE, if common search space is not configured, the gNB-CU can provide the V2X SIB to UE within RRC reconfiguration.

Proposal 2: If gNB-DU is responsible for determination of sidelink resource allocation, F1 messages should be enhanced for sidelink resource requesting and configuration.
Proposal 3:  It is possible that gNB-CU makes determination of sidelink resources allocation. If configured grant type 1 or mode 2 sidelink resources are allocated, gNB-CU can configure for UE directly. If dynamic or configured grant type 2 sidelink resources are allocated, F1 message should be enhanced to transmit sidelink related configuration for gNB-CU further requesting gNB-DU to schedule for UE with DCI. 
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