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1 Introduction

This paper discusses the UP architecture for standalone NR including the main radio interface protocol functions and the grouping of those functions in protocol layers. 
2 Discussion
The new SI for the next generation access was approved in 3GPP TSG RAN #71 meeting [1]. The requirements for architecture and migration of next generation radio access technologies are being specified in TR38.913 [2].  According to the requirements, NR access technology needs to satisfy diverse requirements serving different purposes with respect to reliability, latency, throughput, data volume, and mobility. In order to support the countless emerging use cases with high variety of applications and performance attributes, RAN architecture should have the flexibility to satisfy the different requirements of the diverse services.  When discussing the UP functions and their corresponding locations in the sublayers, the requirement on flexibility need to considered. 
Proposal 1： NR UP architecture shall have the flexibility to support the diverse use cases and services with different requirements. 

2.1 UP functions
In current LTE protocol stack, layer 2 is split into three sublayers: MAC, RLC and PDCP. The main functions on each layer from network point of view are listed in table 1 [3][4][5][6]. 
	MAC
	RLC
	PDCP

	· Multiplexing/de-multiplexing;
· Scheduling information reporting;

· HARQ;

· Priority handling between LCs of one UE and between different UEs;

· Transport format selection.
	· ARQ ;

· Re-segmentation for ARQ retransmission;

· Concatenation, segmentation and reassembly;

· Reordering and duplicate detection ;
· RLC SDU discards.
	· Header compression and decompression;
· Ciphering/ deciphering and Integrity Protection and verification;

· In-sequence delivery and duplicate detection at re-establishment of lower layer;
· Retransmission of PDCP SDUs at handover and at PDCP data-recovery procedure for DC. 
· For split and LWA bearer, routing and reordering; 

· Duplicate discarding;


In NR system, it is desirable that each kind of traffic only has the necessary treatment through the service-specific set of UP functions with proper radio configurations. Therefore, not all the UP functions are necessary for a particular use case. However, considering that the network needs to support the vertical services, all the functions need to be supported considering the diverse service types and performance requirements. As a starting point, we should consider all of those UP functions, which can be categorized as follows:
1. Header compression/decompression;

2. Security handling:

· Ciphering/decipher;

· Integrity Protection/verification;

3. Traffic distribution

· Routing and reordering for DC;

4. Lossless data transmission

· Retransmission of PDCP SDUs at handover and at PDCP data-recovery procedure for DC;

· In-sequence delivery and duplicate detection at re-establishment of lower layer;
5. ARQ

· ARQ and Re-segmentation;

6. Concatenation and segmentation;

7. Real-time Scheduling:

· HARQ;

· Priority handling between LCs of one UE and between different UEs;

· Transport format selection;

· Multiplexing/de-multiplexing;

· Scheduling information reporting. 
Proposal 2: NR UP architecture should consider all the above UP functions.
2.2 UP function grouping
Based on the different requirements on latency, throughput and capability of mobility supporting as well as supporting the full flexibility, the UP functions are split into three parts logically, i.e. L2H, L2M and L2L, just as illustrated in Figure 1. 
The first consideration for function grouping is the responsibility of each sublayers, which should be differently distinguished. 

· L2H buffers data from CN and provides more static function and operation. 

· L2M can be considered as the UP anchor, and is responsible for distributing traffics and guarantee the transmission robustness over different paths.
· L2L is responsible for dynamic scheduling and fast re-transmission.
Considering that scheduling decisions determine how big pieces of data are transmitted, thus it needs the operation of segmentation / concatenation. The real-time scheduling controls the operation on PHY and L2L, which is per-TTI processing. 
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Figure 1 DL Layer 2 structure for each UE
The second consideration for function grouping is the latency requirement on the processing, and different part imply different constraints on timing as well as feedback loops between the peer entities. 
· L2H and L2M have loose processing latency requirements. 
· L2M performs non-real-time RRM and flow control to decide how large amount of the UP traffics to be distributed. 
· L2L has very tight processing latency requirement, because the operations of scheduling, HARQ and ARQ are sensitive to imperfect channel state information and latency. 
Another consideration for function grouping is to enable the flexibly UP architecture catering for different use cases, services and scenarios. With the UP function logical split L2H, L2M and L2L, flexible UP architecture can be realized through different locations of these parts in the physical network infrastructure for different use cases.
For majority of the use cases, L2H and L2M can be grouped into one sublayer. The intention to differentiate L2H and L2M is to enable the possibility to support CIOT with light connection, where L2H can be located in CN. Co-location of L2H and L2M in the centric unit and L2L in different distributed units can be used to realize DC 3C or 2C; single connectivity can be realized by using L2H and L2L but omitting L2M. 
If delay-sensitive services with extremely low E2E latency needs to be supported by the network, it is better that the L2H and L2L are located together at the edge of the RAN network. If large traffic volume density is expected in the residential area and large number of users requiring service with high data rate, the availability of local breakout with L2H and L2L located in the distributed units should be considered at the initial network deployment. 

Table 1 summarize the responsibilities and the necessary UP functions contained for each part respectively.  
	Logical function split
	Responsibility
	Necessary UP functions

	Layer2 

-High
	1. Buffering data from the CN;

2. Provide more static functions and the operations 
	Partial PDCP

1. Security, i.e. ciphering and integration
2. Header compression

	Layer2

-Medium
	UP anchor
1. Traffic distribution to different Layer2-Low units through bearer splitting, bearer switching or Layer 2 transmission diversity;

a. It may need feedback or measurement information for bearer splitting or bearer switching.
2. Guarantee the lossless data transmission when bear splitting or bearer switching between different transmission paths is performed. 
	Partial PDCP

1. Traffic distribution and data forwarding

2. Flow control

3. Lossless data transmission during operation with bearer splitting and switching

4. PDCP Reordering 

	Layer 2

-Low

	Real-time RRM, i.e. Scheduling 

1. Link adaptation and radio resource allocation

2. Flexible TTI length selection
3. Fast retransmission
	MAC& RLC

1. Concatenation and segmentation 
2. ARQ;
3. HARQ;
4. Scheduling and  transport format selection;
5. Scheduling assistant information reporting (e.g. BSR, SR, PHR, etc)

6. Priority handling
7. Multiplexing/demultiplexing


With the grouping of the UP functions, L2H, L2M and L2L can be located in a flexible way according to the requirement of the use case and service considering the capability of the fronthual in the network. The basic UP function split with L2H, L2M and L2H can be adopted at the study phrase. Then we discuss whether certain parts can be merged or skipped later for different use cases. 
Proposal 3: RAN2 adopt the basic UP function split with L2H, L2M and L2L. 
Proposal 4: L2H is mainly for static function operation including the functions of:
· Header compression/decompression
· Security handling
Proposal 5: L2M is the UP anchor and for non-real time RRM, including the functions of:
· Traffic distribution
· Flow control

· Lossless data transmission during operation with bearer splitting and switching

Proposal 6: L2L is for real-time scheduling, including the functions of:

· Concatenation and segmentation
· ARQ
· Real-time scheduling
3 Conclusion
It is proposed that RAN2 discuss and decide on following proposals:
Proposal 1： NR UP architecture shall have the flexibility to support the diverse use cases and services with different requirements. 

Proposal 2: NR UP architecture should consider all the UP functions, including:

· Header compression/decompression;

· Security handling:

· Traffic distribution;

· Lossless data transmission;

· ARQ

· Concatenation and segmentation;

· Real-time Scheduling. 

Proposal 3: RAN2 adopt the basic UP function split with L2H, L2M and L2L. 
Proposal 4: L2H is mainly for static function operation including the functions of:
· Header compression/decompression

· Security handling
Proposal 5: L2M is the UP anchor and for non-real time RRM, including the functions of:
· Traffic distribution
· Flow control

· Lossless data transmission during operation with bearer splitting and switching

Proposal 6: L2L is for real-time scheduling, including the functions of:

· Concatenation and segmentation
· ARQ
· Real-time scheduling
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