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1 Introduction
During RAN2#96 meeting, the user plane entities actions w.r.t PDCP re-establishment, RLC re-establishment and MAC reset with RRC involved HO were discussed, and following agreements were made.
Agreements
1:	RRC involved handover with at least MAC entity reset is supported.
2:	RRC involved handover with and without PDCP entity re-establishment is supported. (Confirmation required from SA3 that handover without security key change is acceptable)
Agreement 1 does not relate to multi-connectivity mechanisms to perform handover which is still to be studied
FFS whether RRC involved (single connectivity) handover with and without RLC entity reset is supported
In this contribution, we address the FFS issues and make further clarification on cell definition.  
2 Discussion
2.1 Network deployment and architecture
Whether to re-establish PDCP, re-establish RLC or reset MAC depends on the NR network deployment and architecture. 
Mainly two deployment scenarios i.e. non-centralised deployment and centralized deployment are considered for intra-RAT RRC involved HO. 



            Figure 1.a Non-centralised deployment                            Figure 1.b: Centralized deployment
Figure 1 Network deployment scenarios in NR [1]
For non-centralised deployment, when UE moves between gNBs, RRC involved HO is performed with PDCP re-establishment, RLC re-establishment and MAC reset. 
For centralised deployment, whether to re-establish PDCP, re-establish RLC and reset MAC depends on the different RAN architecture with different functional split options between CU and DU. 8 different CU/DU split options are identified, just as illustrated in the appendix.Flexible functional split between CU and DU is desired, which support the flexibility to move RAN functions between DU and CU considering the specific QoS for the services, user density, load condition and different performances of transport network (ideal/non-ideal). However, it doesn’t necessarily mean that all the options should be supported by NR. Certain options doesn’t need to be supported, e.g. due to lack of benefits or concerns on complexity.  
Table 1 summarizes the different RAN architectures and the corresponding UP entities actions. 

Table 1 UP entity actions in different RAN architecture
	RAN Architecture
	UP Entity Actions 
	RAN Architecture
	UP Entity Actions 

	

Option 1: (1A-like split)
	RRC involved HO
· Re-establish PDCP;
· Re-establish RLC;
· Reset MAC.

	

Option 2: PDCP/RLC split

	RRC involved HO
· Not re-established PDCP;
· Re-established RLC;
· Reset MAC.


	
Option 3-1: Split based on ARQ
	RRC involved HO
· Not re-established PDCP;
· Not Re-established RLC;
· Reset MAC.

	
Option 3-2: Split based on TX RLC and RX RLC
	RRC involved HO
· Not re-establish PDCP;
· Re-establish RLC;
· Reset MAC.

	

Option 4 (RLC-MAC split)
	RRC involved HO
· Not re-established PDCP;
· Not Re-established RLC;
· Reset MAC.

	· Option 5
· Option 6
· Option 7
· Option 8
	No RRC involvement
· Not re-establish PDCP;
· Not Re-establish RLC;
· Not reset MAC.



Option 2 is the most straightforward option to standardize. It can support LTE-NR tight interworking easily due to the alignment of function split.  
For Option 3-1, low RLC may be composed of segmentation; while high RLC may be composed of ARQ and re-ordering. It doesn’t require RLC re-establishment, so that RLC PDUs on the source path can be re-transmitted through ARQ retransmission over the target path. 
For Option 3-2, low RLC may be composed of transmitting or transmitting side of a RLC entity, the routing function and reception of RLC status report; while high RLC may be composed of receiving or receiving side of a RLC entity. It is possible that only re-establish low RLC e.g. transmitting RLC entity and not re-establish high RLC e.g. receiving RLC entity for optimization. However, we don’t support partial RLC re-establishment currently. 
For Option 4, since the benefits of this option is not justified up to now, it is questionable whether this option will be used or not.
For other options, UE movements between different DUs doesn’t involve RRC, which can be handled by MAC layer through scheduling, e.g. beam management. 
Observation 1: For non-centralised deployment and Option 1, 2, 3-2 in centralised deployment, RLC is re-established in RRC involved HO.
Observation 2: For Option 3-1 in centralised deployment, RLC is not re-established in RRC involved HO.
RLC re-establishment is required for RRC involved HO for majority of the RAN architectures. Furthermore, the benefit of avoiding RLC re-establishment is marginal. So RRC involved HO with RLC re-establishment should be supported. 
Proposal 1: RLC re-establishment is supported in RRC involved HO.
2.2 Relationship between Cell and gNB
 Due to the potentially modified RAN architecture in NR, the definition of cell as well as the relationship between cell and gNB or CU/DU need to be clarified. In our understanding, the ‘cell’ definition is highly related to the location of MAC entity in different CU/DU functional split options. Based on the discussion during the last RAN2 meeting, following three options for the relationship between NR cell and MAC entity are identified. 
· Option A: Multiple cells to one MAC entity
· Option B: one cell to multiple MAC entities
· Option C: One cell to one MAC entity



 
                        Option A                                              Option B                                                    Option C

Option A is similar to the implementation in current LTE, where more cells corresponds to one MAC entity from the network aspect. Different eNB provides coverage through sectors and each sector is considered as a cell. One reason is that there is only one level of physical ID detectable by UE, which is the PCI. So different sectors are identified by the physical cell ID.
When UE moves among different sectors from the same eNB, intra-gNB HO is performed. Unified HO procedure is designed for inter-eNB and intra-eNB HO, which simplifies both standardization and implementation complexity. However, the drawbacks is that security key change, PDCP/RLC re-establishment and MAC reset are also performed for intra-eNB HO, which is actually not needed for intra-eNB HO to reduce the HO interruption .
In NR, different from LTE, besides physical cell ID, another physical-layer ID, i.e. beam ID can also be detected by UE. Different sectors or even omi-directional beam can be identified by the beam ID. When UE moves between different beams of the same MAC, PDCP/RLC re-establishment and MAC reset can be avoided.  
Observation 3: In option A with multiple cells to one MAC entity, cell-level mobility doesn’t necessarily require RRC involvement with PDCP/RLC re-establishment and MAC reset.
For option B, a cell corresponds to one gNB, which may be associated to multiple (non-collocated) MAC entities. MAC reset is performed when UE moves between different DUs. So the beams from the same MAC entity and those from other MAC entities will not be equivalent, considering the potential interruption due to MAC reset and RLC re-establishment. So UE should be tried to be kept within the same MAC entity. 
Considering beam management is targeting to support UE mobility without interruption over lower layer, e.g. MAC/PHY, UE mobility between different beams controlled by the MAC entities on different DUs can't be handled by beam management. It requires RRC involvement. So besides cell-level mobility and beam-level mobility, another level-mobility, e.g. intra-cell inter-DU mobility may need to be supported. 
Observation 4: In option B with one cell containing multiple MAC entities, UE mobility between different beams controlled by the MAC entities on different DUs can’t be handled beam management, and additional level of mobility needs to be supported. 
For option C, one cell corresponds one MAC entity. When UE moves between different DUs, it’s considered as cell-level mobility involving RRC. When UE moves within the same cell, beam management is performed without RRC involvement. 
Furthermore, there are two levels of physical layer ID, one for cell and the other one is for beam, which is visible to UE. Although different network entities may have its own ID for network deployment and organization, those IDs don’t need to be visible to UE in option C, which simplifies the standardization. 
Option C not only simplifies mobility management with two levels of mobility, i.e. cell-level mobility with RRC involvement and beam-level mobility without RRC involvement, but also provides a unified modelling for all the potential RAN architectures with different CU/DU split options. When UE moves between different cells, it’s up to network to decide whether to re-establish PDCP according to its RAN architecture during the HO procedure through i.e. HO command.
Observation 5: Option C simplifies the mobility management considering two levels of mobility, i.e. cell-level mobility with RRC involvement and beam-level mobility without RRC involvement. 
Observation 6: Option C provides a unified mobility modelling for all the potential RAN architecture with different CU/DU split options.  
Proposal 2: One NR-cell is mapped to one MAC entity. 
Proposal 3: The flexibility to perform inter-cell HO with/without PDCP re-establishment is allowed.  
3 Conclusions
In this contribution, we discuss whether to re-establishment RLC during RRC involved HO as well as the relationship between cell and gNB. 
Based on the observations:
Observation 1: For non-centralised deployment and option 1, 2, 3-2 in centralised deployment, RLC is re-
Observation 1: For non-centralised deployment and Option 1, 2, 3-2 in centralised deployment, RLC is re-established in RRC involved HO.
Observation 2: For Option 3-1 in centralised deployment, RLC is not re-established in RRC involved HO.
Observation 3: In option A, cell-level mobility doesn’t necessarily require RRC involvement with PDCP/RLC re-establishment and MAC reset.
Observation 4: In option B, UE mobility between different beams controlled by the MAC entities on different DUs can’t be handled beam management, and additional level of mobility needs to be supported. 
Observation 5: Option C simplifies the mobility management considering two levels of mobility, i.e. cell-level mobility with RRC involvement and beam-level mobility without RRC involvement. 
Observation 6: Option C provides a unified mobility modelling for all the potential RAN architecture with different CU/DU split options.  
We propose:
Proposal 1: RLC re-establishment is supported in RRC involved HO.
Proposal 2: One NR-cell is mapped to one MAC entity. 
Proposal 3: The flexibility to perform inter-cell HO with/without PDCP re-establishment is allowed.  
4 Appendix


Figure 11.1.1-1: Function Split between central and distributed unit
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