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Introduction
In RAN3#96 meeting, an offline discussion was carried over function distribution between CU and DU [1]:
[bookmark: OLE_LINK7]Offline part: (non-official agreements) 
1. UE associated functions controlled by: 
· Central unit (CU):
1) RRC protocol termination 
· Generates RRC messages (e.g., UE measurement configuration)
2) UE context management 
3) Bearer management function
4) CU takes inter-DU HO decision
5) CU takes intra-DU HO decision (i.e., cell-change) (FFS)
· Distributed unit (DU):
1) No RRC ASN.1 encode/decode (toward UE)
2) Retransmission of lost PDCP-PDU (e.g., radio link outage) (FFS)
3) Semi-static resource assignment (e.g., dedicated PUCCH resources) (FFS)
2. Non-UE associated functions controlled by:
· Controlled by CU:
1) SI management (FFS)
2) PF, PO, PA calculation (FFS)
3) Cell management function (e.g., cell setup) (FFS)
· Controlled by DU:
1) Basic set of SI management (FFS for further study)
· Sent directly to UE or via CU (FFS)
2) PF, PO, PA calculation (with info from CU) (FFS)
3) Cell management by OAM (e.g., cell setup) (FFS)
4) gNB-DU measurement (FFS)
· Controlled by both:
1) F1 interface management (e.g., setup (FFS), error indication, reset)
2) Load management (FFS)
3) Others…
Editor’s note: The main responsibility for each function (e.g. UE handling, Cell handling) and how to split the functionality between gNB-CU and gNB-DU are FFS .

In this contribution, we discuss options of intra-DU inter-cell mobility procedure, and propose to down-select a procedure option considering both mobility performance and complexity impacts.
Discussion
In this section, we intend to achieve some consensus on intra-DU inter-cell mobility procedure. First, taking into account different function distribution between gNB-CU and gNB-DU, we present 4 procedure options to support intra-DU inter-cell mobility. Then, criteria considering both mobility performance and complexity are designed to evaluate the different options. 

Intra-DU inter-Cell mobility procedure
Option 1: CU takes decision and generates UE handover command
Figure 1 shows the procedure for Option 1, where CU takes decision and generates UE handover command.


Figure 1: CU takes decision and generates UE handover command
0.  Cell Measurements are configured and collected by CU; 
1. Based on collected measurement reports, CU makes handover decision and sends to DU the UE context modification request, including target cell information and/or target cell resource inquiry (e.g. dedicated access preamble), and possibly new configuration for the UE;
2. DU responds to CU the UE context modification with acknowledgement or rejection; and if acknowledgement, brings along target cell resource response.
3. Based on DU response, CU sends to UE the RRC connection reconfiguration message;
4. Upon reception of RRC connection reconfiguration, UE releases source cell configuration and if instructed, performs random access procedure towards target cell; 
5. The UE applies the new configuration and replies with RRC connection reconfiguration complete message;
6. The CU informs the DU that the UE has completed the reconfiguration procedure successfully, based on which DU may  release source cell configuration and start to transmit or receive user data via target cell;
Option 2: CU takes decision and DU generates UE handover command
Figure 2 shows the procedure of Option 2, where CU takes decision and DU generates UE handover command.


Figure 2: CU takes decision and DU generates UE handover command
0.  Cell Measurements are configured and collected by CU; 
1. Based on collected measurement reports, CU makes handover decision and sends to DU the UE context modification request, including target cell information, and possibly new configuration for the UE; part of new UE configuration, e.g. neighbour cell information, may be sent to UE via later RRC connection reconfiguration as in step 5;
2. Upon reception of CU message, DU commands to UE the intra-DU inter-cell handover decision, e.g. via MAC. This command mainly includes mobility control information, e.g., target cell identity.
3. Upon reception of handover command from DU, UE releases source cell configuration and if instructed, performs random access procedure towards target cell; 
4. Upon reception of MAC command acknowledgement from UE, DU releases source cell dedicated configuration and responds to CU UE context modification response;
5. CU further sends to UE the necessary RRC configuration, e.g. measurement configuration information;
6. The UE applies the new RRC configuration, and replies with RRC connection reconfiguration complete message;
Option 3: DU takes decision and CU generates UE handover command
Figure 3 shows the procedure of Option 3, where DU takes decision and CU generates UE handover command.


Figure 3: DU takes decision and CU generates UE handover command
0.  Intra-DU Cell Measurements are configured and collected by DU via a distributed RRM function in DU;
1. Based on collected measurement reports, DU makes handover decision and sends to CU UE context modification request;
2/3. CU responds to DU UE context modification response; meanwhile, CU sends to UE an RRC connection reconfiguration message;
4. Upon reception of RRC connection reconfiguration, UE releases source cell configuration and if instructed, performs random access procedure towards target cell; 
5. The UE applies the new RRC configuration, and replies with RRC connection reconfiguration complete message;
6. The CU informs the DU that the UE has completed the reconfiguration procedure successfully, based on which DU may release source cell configuration and start to transmit or receive user data via target cell;
Option 4: DU takes decision and generates UE handover command
Figure 4 shows the procedure of Option 4, where DU takes decision and generates UE handover command. 


Figure 4: DU takes decision and generates UE handover command
0.  Intra-DU Cell Measurements are configured and collected by DU via a distributed RRM function in DU;
1. Based on collected measurement reports, DU makes handover decision and sends to UE intra-DU inter-cell handover command;
2. Upon reception of handover command from DU, UE releases source cell configuration and if instructed, performs random access procedure towards target cell; 
3. DU sends  to CU UE context modification request;
4. CU responds to DU UE Context  modification response; 
5. CU sends to UE an RRC connection reconfiguration message;
6. The UE applies the new RRC configuration, and replies with RRC connection reconfiguration complete message;
7. The CU informs the DU that the UE has completed the reconfiguration procedure successfully, based on which DU may  release source cell configuration and start to transmit or receive user data via target cell;
Comparison of different options
Impact on handover performance
3 key performance indicators can be utilized to evaluate the handover performance:
1. Handover interruption time: Handover interruption time mainly corresponds to handover execution time. For CU/DU split case, it is proposed to redefine handover interruption time as starting upon UE reception of handover command, till DU is acknowledged complete of target cell configuration in UE and ready to schedule; 
2. Handover cost: handover cost represents cost of each handover behaviour, including total number of signalling and overall latency of a handover procedure; the mobility cost is sum of handover preparation, handover execution and handover complete;
3. Handover robustness: The best handover robustness can be achieved if total handover latency is much smaller than duration of serving cell consistency, while guaranteeing best serving cell quality. Therefore, reduction of total handover latency can help achieve better handover latency. 
To be specific, handover robustness may be impacted by handover decision, handover preparation and handover execution behaviours. As examples:
1) The pre-handover behaviour “handover decision” relies on UE measurement reports. In 4G, UE measurement reports are triggered by a time to trigger timer, which is set to ensure degrade of serving cell quality is not due to a jitter. Obviously, with fast fading radio channel, DU based handover decision may help quickly identify such jitter, and make faster handover decision. 
2) While for handover execution phase, if DU generates the handover command, UE may echo to DU faster, and reduce the interruption time. 
In this paper, it is proposed to evaluate the handover robustness by sum latency of handover decision, handover preparation and handover execution.
Impact on RAN equipment, operation and maintenance
Factors of RAN equipment complexity and OAM will focus on DU impact. As an example, if DU is designed to collect intra-DU MR and take intra-DU HO decision, larger memory is imposed on DU for storage of MRs and higher capability is required for HO decision computation. Thus, DU becomes more complex and harder to be maintained.
Impact on standardization efforts
Conventionally, both handover measurement report collection and handover command generation are achieved by L3 of a base station. Therefore, it is natural to also support such function in CU. However, if it is figured out more beneficial to implement those functions in DU, more standardization efforts may be required. As an example, if DU does handover command generation, then new information should be designed to carry handover control information other than RRC message.
Comparison of different options
Table 1 compares the described options with the criteria defined in section 2.2.
Table 1: Comparison of different intra-DU inter-cell mobility options
	
	Option 1
	Option 2
	Option 3
	Option 4

	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Interruption time (without RA)
	1 L3+ 1 F11
	0 (seamless)
	1 L3+ 1 F1
	0 (seamless)

	Cost
	2 L3 + 3 F1 
	1 L2+ 2 L3 +2 F1
	2 L3+ 3 F1
	1 L2 + 2 L3 +3 F1

	Robustness
	L3 HO decision latency2 + 2 L3 + 3 F1
	L3 HO decision latency + 1 L2+1 F1
	L2 HO decision latency3 + 2 L3 + 3 F1
	L2 HO decision latency + 1 L2

	Equipment impact
	Small
	DU to generate HO command
Computation +
	DU to store intra-DU MR, and to make intra-DU HO decision
Storage +
Computation +
	DU to store intra-DU MR, make intra-DU HO decision, and generate intra-DU HO command
Storage +
Computation ++


	Standardization impact
	Small, may be very consistent with inter-DU mobility procedure
	Involving RAN2:
1. What should be carried in MAC level HO command? Target cell ID and RA info sufficient? (RAN2)
2. Would the size of new MAC packet be tolerable?

	Involving RAN2: 
1. how to transfer intra-DU cell measurement report from UE to DU?
2. Relationship between intra-DU cell measurement report and inter-DU measurement report?

	Involving RAN2:
1. What should be carried in L2 handover command? Target cell ID and RA info sufficient? (RAN2)
2. Would the size of new L2 command be tolerable?
3. How to transfer intra-DU cell measurement report from UE to DU?
4. Relationship between intra-DU cell measurement report and inter-DU measurement report?


Note:
1 1L3+1F1, means the interruption latency equals sum transmission and computation latency of one L3 signalling and 1 F1 signalling
2  L3 HO decision means latency of handover decision made by CU, mainly considering time to trigger latency of a L3 measurement report;
3 L2 HO decision means latency of handover decision made by DU, , mainly considering time to trigger latency of a L2 measurement report;
To make the above comparison intuitive, some quantitative values for parameters are set as below, thus Table 1 is simplified to Table 2. 
1. TTI: 1ms
2. F1: 1~10ms
3. L2: 1 TTI
4. L3: 1 F1+1 TTI
5. L3 HO decision latency = Time to trigger a L3 MR: 40 TTI
6. L2HO decision latency= Time to trigger a L2 MR: 20 TTI
Table 2: Comparison of different intra-DU inter-cell mobility options (quantitative)
	
	Option 1
	Option 2
	Option 3
	Option 4

	Interruption time (without RA)
	2F1+TTI=
3~21ms
	0 (seamless)
	2F1+TTI=
3~21ms
	0 (seamless)

	Cost
	2 L3 + 3 F1 =
5 F1+2 TTI =
7~52ms

	1 L2+ 2 L3 +2 F1=
4F1+3TTI=
7~43ms
	2 L3+ 3 F1=
5 F1+2 TTI=
7~52ms

	1 L2 + 2 L3 +3 F1=
5F1+3TTI=
8~53ms

	Robustness
	L3 HO decision latency + 2 L3 + 3 F1=
5F1+42TTI=
57~82ms

	L3 HO decision latency + 1 L2+1 F1=
41TTI+F1=
42~51ms
	L2 HO decision latency + 2 L3 + 3 F1=
22TTI+5F1=
27~72ms
	L2 HO decision latency + 1 L2=
21TTI=
21ms

	Equipment impact
	little
	Small
	medium
	highest


	Standardization impact
	little
	Medium low
	Medium high
	highest


Note: green represents best performance, yellow represents second best performance, while red represents worst performance.
Observation 1: Intra-DU inter-cell HO command generation in DU helps achieve seamless intra-DU mobility and may reduce intra-DU mobility complexity and latency.
Observation 2: Higher mobility robustness is achieved if DU generates intra-DU inter-cell HO command;
Observation 3: CU taking handover decision helps to reduce equipment and standardization impact.
Proposal 1: DU generates intra-DU HO command.
Proposal 2: CU controls cell measurements and takes intra-DU inter-cell HO decision.
Proposal 3: Capture option 2 as described in 2.1.2 as baseline intra-DU inter-cell mobility procedure.
Proposal 4: LS to RAN2 for the need of cell level mobility enhancement in case of intra-DU inter-cell mobility.
Conclusions
In this paper, we have discussed potential options of intra-DU inter-cell mobility, and concluded with following proposals,
Observation 1: Intra-DU inter-cell HO command generation in DU helps achieve seamless intra-DU mobility and reduces intra-DU mobility complexity and latency.
Observation 2: Higher mobility robustness is achieved if DU generates intra-DU inter-cell HO command;
Observation 3: CU taking handover decision helps to reduce equipment and standardization impact.
Proposal 1: DU generates intra-DU HO command
Proposal 2: CU controls cell measurements and takes intra-DU inter-cell HO decision.
Proposal 3: Capture option 2 as described in 2.1.2 as baseline intra-DU inter-cell mobility procedure.
Proposal 4: LS to RAN2 for the need of cell level mobility enhancement in case of intra-DU inter-cell mobility.
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