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Introduction
[bookmark: _Ref178064866]At RAN#71, a new SI [1] was approved to develop an NR access technology to meet a broad range of use cases and requirements for the next generation. Both the standalone NR deployment and non-standalone NR with LTE/eLTE deployment will be considered. One of the objectives is to support frequency ranges up to 100 GHz [2]. In High Frequency (HF)-NR systems, beamforming is a key enabling technology to compensate the propagation loss through high antenna gain. All the procedures need to be reconsidered due to the introduction of beam-related operations. In this contribution, we discuss the different levels of mobility in different deployment scenarios for HF-NR. 
Deployment Scenarios for HF-NR
Single TRP and Multiple TRPs
With the evolvement of wireless technology, the concept of cell is also evolving. The conventional understanding is that the cell is a geographical area covered by one Transmission Reception Point (TRP), i.e. base station. With the introduction of COMP, the cell can be covered by multiple TRPs with different CSI-RS configurations but with the same physical cell identity. The differences between those two deployment scenarios are illustrated in table 1.
	Deployment
	Single TRP
	Multiple TRPs

	Requirement on fronthaul
	No requirement on the fronthaul. 
	Ideal fronthaul is required due to the rigid latency requirement on PHY/MAC processing. 

	Cell size
	The cell size is limited to the transmission coverage of the TRP.
	The cell size is scalable and can be very large depending on the number of TRPs covering the cell. 

	Mobility support
	Mobility from one TRP to another is operated on RRC layer;
Less CSI report and signalling overhead;
When UE is in high mobility status, handover will be executed frequently.
	Intra-cell mobility from one TRP to another is operated on PHY layer;
More CSI report and signalling overhead;
Less handover execution and better performance compared with single TRP deployment when UE is in high mobility status. 

	Requirement on RS for measurement
	Cell-specific reference signal;

	TRP-specific reference signal is required;


	Implementation complexity
	Lower complexity on both UE and network. 
	Higher complexity on both UE and network



Observation 1: Single TRP has fixed and small cell size, no requirement on fronthaul, and suitable to support UEs in low mobility;
Observation 2: Multiple TRP has scalable and large cell size, requiring ideal fronthaul, and capable to support UEs in high mobility. 
Potential deployments for HF-NR
In HF-NR system with beam operation, the HF TRPs need to be deployed with higher density than low frequency (LF) TRPs to overcome the fragile channel conditions and ensure good coverage. Furthermore, narrow beam operation suppresses the interference from neighbouring TRPs, which allows significant overlap of coverage among neighbouring TRPs.
With the higher density of HF TRPs, the cost to connect every TRP through ideal fronthaul can be significant. We can’t assume that ideal fronthaul is always available, and this is also the reason why we discuss function split over CU and DU in NR system architecture. 
Observation 3: In HF-NR system, ideal fronthaul to connect the multiple TRPs is not always available.  


                  
                   Single TRP in one cell                                 Multiple TRPs in one cell
Figure 1 Single TRP and multiple TRPs deployment
Single TRP in one cell is more aligned to current concept of small cell. Except the consideration on beam-specific operation, current CP design principles and procedures can be largely reused, no matter for standalone operation or DC-like operation with the assistance of LTE/eLTE macro cell. In early deployment of HF in NR system, it is very likely that HF is used for hot spot and urban dense deployment, where UE is in low mobility status. Furthermore, ideal fronthaul is not necessarily required. Therefore, single TRP deployment can help early HF-NR system standardization and commercialization.
Observation 4: Single TRP deployment can help early HF-NR standardization and commercialization. 
Multiple TRPs in one cell is more aligned to the concept of C-RAN, where the 5G node can be considered as central unit and the TRPs are considered as the distributed units. With the development of C-RAN technology together with SDN and NFV, the cell size can be scaled freely from pico cells to macro cell with very large coverage area. 
In order to support high mobility UE, fast beam tracking over PHY/MAC is required. In the C-RAN architecture with large amount of TRPs connected to the central unit, optimal beam tracking decision for each UE can be made since the global information related to TRP loading, channel quality towards different TRPs, as well as UE mobility status are available and centralized computation is utilized.. Furthermore, signals required for beam tracking, e.g. CSI reports and tracking commands can to be delivered quickly over the ideal frouthaul
Observation 5: Multiple TRPs deployment can optimize UE experience during mobility by the centralized computation. 
Proposal 1: Both the single TRP deployment and multiple TRPs deployment need to be considered for HF-NR. 
Although single TRP deployment and multiple TRPs deployment have different characteristics, requirements and capabilities to support UE mobility, UE may not need to be aware whether single TRP or multiple TRPs deployment are in use. Common functions and procedures applicable for both of the scenarios should be designed, especially from higher layer point of view. We should avoid scenario-specific solutions.  
Proposal 2: Common functions and procedures applicable for both single TRP and multiple TRP deployment are required. 
Beam Administration and Mobility Supporting
Beam administration 
The coverage of one TRP is covered by a set of TX beams through beam sweeping, which are transmitted in TDM mode and distinguished by different RSs and beam identity. Beam-specific measurements and CSI reports are required to help beam switching/tracking operation. 
Due to the fast channel variation and specific blockage effects on HF, beam administration should be fast enough to adapt the serving beams to maintain the connectivity and UE experienced data rate. So beam administration is performed on lower layer, i.e. PHY/MAC to meet the restrict latency requirement, especially when UE is in high mobility status. Beam administration is a whole procedure which contains the following procedures:
· Initial beam alignment: It is used to perform initial establishment of beamforming parameters at both BS and UE for subsequent communication, UE performs beam search based on the reference signals. 
· Beamswitching/tracking: It is used for finer beam adjustment and maintenance after initial beam alignment. Both network and UE keeps monitoring the channel quality of both the serving beams and the non-serving beams. When qualities of current serving beams degrade, other beams with better quality are acquired for connectivity maintenance. 
· Beam recovery: it is used to recovery the beam when beam switching/tracking fails. UE initiates another new round of beam alignment. 




Figure 2 Beam Administration
Observation 5: Beam switching/tracking is performed on PHY/MAC to adapt the serving beams due to channel variation and UE mobility.  
Mobility Supporting
For single TRP deployment, the concept of cell is kept. Beam switching within one cell is more like link adaptation, and the number of candidate beams is limited. For multiple TRP deployment, inter-TRP beam switching is required when UE moves from the coverage of one TRP to another. UE may have more candidate beams for switching. From this aspect, beam switching is used to support mobility. Although the cell size is scalable and can be very large, it should always have boundaries. 
Considering both of the deployment scenarios, there are mainly three types of beam switching/tracking as illustrated in Figure 3. 
· Type 1: Intra-cell intra-TPR beam switching;
· Type 2: Intra-cell inter-TRP beam switching;
· Type 3: Inter-cell inter-TRP beam switching.
Observation 6: The coverage of single/multiple TRPs always have boundaries, and is considered as a cell.
Observation 7:  There are three types of beam switching, i.e. intra-cell intra-TRP beam switching, intra-cell inter-TRP beam switching and inter-cell inter-TRP beam switching.  





Figure 3 Different Cases for Beam switching/tracking
Proposal 3: Beam administration is performed on lower layer i.e. PHY/MAC. . 
Proposal 4: Cell-level mobility is performed on RRC layer. 
Proposal 5: Capture Table 2 in the TR for mobility supporting in NR with beam operation.    

	Types
	Type 1
	Type 2
	Type 3

	Overview
	

	

	


	Descriptions
	Intra-cell intra-TRP beam switching/tracking
	Intra-cell inter-TRP beam switching
	Inter-cell inter-TRP beam switching

	CSI measurement
	Beam level CSI measurement and reporting are required.
	Beam level CSI measurement and reporting are required.
	Beam level CSI measurement and reporting are required.


	PHY/MAC aspects
	Signallings for beam switching are required. 
	Signallings for beam switching are required.
	Signallings for beam switching are required.

	Requirement on frounthaul
	None.
The beams are collocated.
	Ideal frounthaul
	Ideal frounthaul

	Interface between TPR and 5G node
	Nothing required.
	Must introduce signalling to support the interaction between the TRPs for beam switching.
	Must introduce signalling to support the interaction between the TRPs for beam switching.

	Interface between the 5G nodes
	Nothing required.
	Nothing required.
	Must introduce signalling to support the interaction between the TRPs from different 5G nodes for beam switching.

	Mobility experience
	Hidden to CN;
No data forwarding;
No data transmission interruption 
	Hidden to CN;
Transmission switched from one TRP to another, controlled by 5G node;
No data transmission interruptions thanks to the ideal fronthaul.
	Not hidden to CN;
Data forwarding from one 5G node to another;
Data transmission interruption is expected due to the path switching over CN. 

	Mobility procedure on RRC
	None;
Transparent to RRC
	None;
Transparent to RRC
	Cell (re)selection, handover, SeNB addition/removal

	RRM measurement
	RRM measurement and reporting are not required.
	RRM measurement and reporting are not required.
	RRM measurement and reporting are required.
Cell evaluation based on the measurement results of multiple beams is required.. 

	RLM
	Consider multiple beams from the same TRP
	Consider multiple beams from different TRPs within the same cell.
	Consider multiple beams from different TRPs within the same cell.
Beams belonging to different cells are considered as different radio link. 


Table 2 Comparison table for different types of beam switching    
Conclusion
Based on the observations on different level of mobility as well as the impact to RAN2: 
Observation 1: Single TRP has fixed and small cell size, no requirement on fronthaul, and suitable to support UEs in low mobility;
Observation 2: Multiple TRP has scalable and large cell size, requiring ideal fronthaul, and capable to support UEs in high mobility. 
Observation 3: In HF-NR system, ideal fronthaul to connect the multiple TRPs is not always available.  
Observation 4: Single TRP deployment can help early HF-NR standardization and commercialization. 
Observation 5: Multiple TRPs deployment can optimize UE experience during mobility by the centralized computation. 
Observation 6: Beam switching/tracking is performed on PHY/MAC to adapt the serving beams due to channel variation and UE mobility.  
Observation 7: The coverage of single/multiple TRPs always have boundaries, and is considered as a cell.
Observation 8: There are three types of beam switching, i.e. intra-cell intra-TRP beam switching, intra-cell inter-TRP beam switching and inter-cell inter-TRP beam switching.  
We derive the following proposals:
Proposal 1: Both the single TRP deployment and multiple TRPs deployment need to be considered for HF-NR. 
Proposal 2: Common functions and procedures applicable for both single TRP and multiple TRP deployment are required. 
Proposal 3: Beam administration is performed on lower layer i.e. PHY/MAC. . 
Proposal 4: Cell-level mobility is performed on RRC layer. 
Proposal 5: Capture Table 2 in the TR for mobility supporting in NR. 
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UE mobility with beam switching
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