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1. Introduction
At RAN2#93bis meeting, the first RAN2 sessions on 5G NR started in the framework of the newly approved 5G SID [1]. In the discussions, it was questioned the representation of a cell in NR system and no clear view of NR cell was shown among the companies. On the other hand, it is a clear trend (from the SID itself) that the NR RAN architecture will no longer be flat but will include a mix of centralized units (CU) and distributed units (DU), in line with a more cost-effective, flexible and high performance centralized RAN (C-RAN) implementation connected to multiple remote transmission/reception points (TRPs).

In this contribution, we suggest clarifying the definitions of CU and DU in light of the above and propose a definition of the NR cell adapted to these architecture principles to provide a highly flexible and dynamic cell management and network planning while keeping the main benefit of legacy cells i.e. provide the UE with large enough geographical area to camp on, thus minimizing IDLE UE energy.
2. Discussion
2.1. NR RAN architecture
The 5G SID introduces the CU and DU RAN elements as follows:
	· Study the feasibility of different options of splitting the architecture into a “central unit” and a “distributed unit”, with potential interface in between, including transport, configuration and other required functional interactions between these nodes [RAN2, RAN3];


We acknowledge the CU and DU definitions in the NR architecture belong to RAN3, and we have a companion contribution in this WG as well [2]. However we believe we also need to share some minimum common understanding on what these nodes represent in RAN2 to start discussing NR cell, which will ultimately have a close mapping relation with these nodes, as well as L2 functionality and potential grouping. As a result, this section briefly gives some baseline assumptions about CU and DU that could be used as discussion basis in RAN2. 
The main characterization of CU and DU so far is coming from the existence of a fronthaul between CU and DU, which can be ideal or non-ideal. Most discussions on CU and DU so far focused on the functional split between both units, even though the NR RAN functionality is not yet well defined. Little inputs were given on other aspects such as CU and DU interconnections as well as mapping onto physical elements, hence we suggest clarifying those.

Deployments:
· CU and DU can be collocated, e.g. standalone NR macro. This is considered as an ideal fronthaul case. Note in this case we still prefer considering CU and DU rather than having DU optional, thus providing a uniform model across deployments.
· CU and DU can be non-collocated with ideal backhaul

· CU and DU can be non-collocated with non-ideal backhaul

CU:

We propose the following baseline definitions for the CU:
· One CU can connect and manage one or multiple DUs, referred to as “CU-DU set”
· CUs provide the control plane interface to CN
· CUs may provide the user plane interface to CN (DU may directly have user plane interface to CN. This would depend on functionality split for DU and CU. For example, if all UP functions are handled at DU)
· Interface between CUs exists to support UE mobility
DU:

TRPs are essential RAN elements that constitute one major aspect of recent LTE features (e.g. CoMP) and are expected to further play a key role in the increase of access point density. Therefore it is important to clarify TRP and DU mapping: we could either consider a DU is a remote site hosting one or multiple TRPs or simply have a one to one DU – TRP mapping. The former case would call for a complex hierarchical RAN model with CU/DU/TRP levels. Hence to keep RAN model simple we propose adopting the latter mapping. On the other hand, the same TRP can operate one or multiple carriers or bands. Hence similarly, we suggest that the same DU can operate one multiple carriers or bands. At the moment, we don’t see the need or usecase for a DU connected/controlled to/by multiple concurrent CUs and we suggest a DU only connects to one CU. Finally, it is necessary to allow DUs under the same CU to connect with each other to maximize the latency performance during DU change or other NR cell level procedures (see Section 2.2).
In summary, we propose the following baseline definitions for the DU:

· A DU is mapped onto one TRP which can implement multiple beams
· A DU is frequency/band agnostic
· A DU only connects to one CU
· The interface between DUs exists for data or UE context (if kept at DU) transfer during UE mobility.
Proposal 1: We suggest using the above baseline definitions as a starting point for discussion in RAN2 on a common understanding of CU and DU nodes.  
2.2. NR Cell

As illustrated in Figure 1, an NR cell is a network-configured cell, which includes the coverage of a set of DUs referred to as “Cell DU set”. To this respect it is not statically mapped to physical elements and can then be viewed as logical cell. The proposed linkage with CUs and Cell DUs sets is as follows:
· An NR cell is mapped onto one or multiple DUs (Cell DU set) connected with the same CU with ideal or non-ideal fronthaul.
· An NR cell is anchored in only one CU

· A CU can host multiple NR cells
· DUs and potential associated beams in a Cell DU set broadcast the same SI (or at least primary SI [3]).
· Network configures DU/beam specific RSs and their mapping onto a Cell ID, explicitly or implicitly (RAN1 design)
· A Cell DU set can be reconfigured dynamically among the CU DU set, for example:
· Part of DUs/beams in one Cell DU set can be powered off for power saving based on system load

· Enables“floating” cells e.g. to “follow” a moving group of UEs and/or to allow the network to do dynamic cell planning (dynamic cell insertion, dynamically splitting an area into one or multiple cells depending on the load, …) 

· Once an NR cell acquired, the UE can be told specifically to only use a subset of the Cell DU set (e.g. stationary mMTC UE can be connected to only one DU)
As elaborated in [4], on top of its high flexibility, the NR cell brings the benefit of providing RAN-based intra-cell mobility transparent to CN while keeping the main benefit of legacy cells i.e. provide the UE with large enough geographical area to camp on thus minimizing IDLE UE energy. In other words, it enables TRP-based Tx/Rx in connected mode while allowing for a larger geographical granularity in inactive or IDLE mode (whatever RAN-level “low” state is designed in NR when UE does not have active on-going Tx/Rx).
Proposal 2: We suggest using the above NR cell definitions as a starting point for discussion in RAN2 on a common understanding of NR cells.
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Figure 1 LTE cell and NR cell
2.3. Comparison between NR cell, legacy LTE cell and LTE CoMP scenario 4

Table 1 compares the NR cell design with both legacy LTE cell (for all deployments except Rel11 CoMP scenario 4) and Rel11 CoMP scenario 4 which also enabled a cell definition involving multiple TRPs. It should be noted that, although “TRP” terminology is used for ease of comparison, it can be interchanged with “DU” terminology for the NR cell column. As can be observed, the proposed NR cell is in-line with a logical evolution of the legacy cells from previous releases towards a highly flexible cell concept well adapted to the new NR architecture.
Table 1: Comparison between LTE legacy cell, LTE CoMP scenario 4 cell and NR cell
	
	Legacy LTE cell
	CoMP Scenario 4 cell
	NR cell

	Description
	Each TRP has separate cell ID
	Multiple TRPs share the same cell ID

	Mobility across TRPs
	Handover procedure
	Service interrupt is minimized in case of TRPs belonging to the same cell

	Coordination between TRPs 
	Inter-cell coordination 
	Intra-cell coordination

	Configurability
	Static, linked to physical nodes
	Static, linked to physical nodes
	Dynamic, decoupled from physical nodes.

	Common signaling overhead, e.g. SI, SS
	Per TRP transmission. 
Interference needs to be avoided
	Macro eNB only

	TRP/beam-specific RS. Each TRP/beam broadcasts primary SI.

Parts of TRPs/beams may participate in transmission of other SIBs.
Joint transmission and combined reception is possible.

	Fronthaul
	NA
	Ideal
	Ideal or non ideal

	Channel tracking
	Baseline
	Very complex (Quasi-Co-Location (QCL) behavior)
	Consistent channel for UE.


3. Conclusion

The NR system design intends to support multi-layer non-homogeneous network deployment with dense TRPs, logical cell, and V-RAN. In this contribution, we propose an NR Cell design where the cell could contain one or more TRPs (or DUs) under the control of the same CU. The grouping of TRPs (DUs) within an NR cell can be dynamically updated for all serving UEs and on a UE-specific manner for UEs in active mode. The resulting proposals are:
Proposal 1: We suggest using the baseline CU/DU definitions in Section 2.1 as a starting point for discussion in RAN2 on a common understanding of CU and DU nodes.
Proposal 2: We suggest using the NR cell definitions in Section 2.2 as a starting point for discussion in RAN2 on a common understanding of NR cells.
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