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1 Introduction

This paper discussed the UP function split for NR, i.e. Layer 2 (L2) functions allocation to sublayers.
2 LTE UP function split
In RAN2 #94, we have agreed to consider LTE UP as a baseline. In LTE, L2 is split into three sublayers: MAC, RLC and PDCP. Such function split is mainly for modelling and avoid one heavy Layer 2 specification rather than required by specific requirements.
Observation 1: LTE function split into sublayers is not required by specific requirement.
In Rel-12, Dual Connectivity has introduced traffic distribution function to PDCP for split bearer, i.e. eNB would distribute traffic to MCG link or SCG link on a per packet basis. Therefore, PDCP of the split bearer only exists at MeNB, and talks to two separate RLCs at MeNB and SeNB, which are not collocated. We can say under Dual Connectivity LTE L2 is split into two sublayers: PDCP and RLC/MAC (see split point #1 in Figure 1). Such function split makes it possible to have two RLC/MAC at separate entity/location which is required by Dual Connectivity. One can also say that MeNB is the anchor of split bearer since it keeps the PDCP context.
Observation 2: Dual Connectivity requires L2 split into 2 sublayers: PDCP and RLC/MAC.
NB IoT also borrows LTE L2 as a baseline and further developed CP solution. For CP solution, the message is protected by NAS security. In other words, security is done at MME and only L2 functions below security are located at eNB (see split point #2 in Figure 1). We can say under CP solution LTE L2 is split into two sublayers: security and other L2 functions. Such function split makes it possible for NB IoT UE to transmit packet by using CP solution at any eNB under the MME. One can also say that the security context of the UE is anchored at MME. 
Observation 3: CP solution requires L2 split into 2 sublayers: security and other L2 functions.
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Figure 1: LTE function split
3 NR UP function split
From RAN TR [1], we have following requirements for NR.
-
The RAN architecture shall support connectivity through multiple transmission points, either collocated or non-collocated.

-
The RAN architecture shall enable a separation of control plane signalling and user plane data from different sites.

-
The RAN architecture shall support interfaces supporting effective inter-site scheduling coordination.
-
Different options and flexibility for splitting the RAN architecture shall be allowed.

-
The RAN architecture shall allow for deployment flexibility e.g. to host relevant RAN, CN and application functions close together at the edges of the network, when needed, e.g. to enable context aware service delivery, low latency services, etc...

In RAN2, we further agree to have one RAN architecture to support eMBB, mMTC, and URLLC.
For eMBB, RAN2 has agreed to consider both split bearer (3C bearers) and direct routing (1A bearers) for LTE-NR tight interaction. Furthermore, multi-connectivity is considered for NR to enhance performance beyond dual connectivity. Based on Observation 2 and tight interaction with LTE, we propose that NR L2 shall be split at PDCP and RLC/MAC. We further propose to call RLC/MAC as L2-Low.
Observation 4: For eMBB, NR L2 function is split into 2 sublayers: PDCP and L2-Low (RLC/MAC).

For mMTC, it is the best to keep the UE context to avoid the initial access overhead due to state transition, therefore, UE does not need to re-establish security and header compression context every time it has a small packet to transmit. In other words, small data access for mMTC can be optimized by anchoring upper PDCP function in RAN. This is similar to NB IoT CP solution, the difference is the anchor is now at RAN rather than at core network. We believe it is more scalable to keep the context at RAN. 
Observation 5: For mMTC, NR L2 function is split into 2 sublayers: L2-High (security/RoHC) and L2-Low (RLC/MAC).
For URLLC, the main concern is the latency and reliability. To achieve the extreme latency requirement of URLLC, the content and control have to be very close. In other words, there should be almost zero or minimum transmission delay among service server, core network, and RAN. In such collocated case, function split is not a concern anymore. 

L2 reliability can be achieved by functions like HARQ and ARQ. While additional L2 function can be introduced to boost reliability, it only concern single function rather than L2 function split. 
Observation 6: For URLLC, NR L2 function split is not a concern as long as zero transmission delay between sublayers.

For eMBB and mMTC, different split is observed. NR L2 has to support both services, which means both split shall be supported by one flexibility architecture. Therefore, we proposed to split NR L2 into 3 sublayers: L2-High, traffic distribution, and L2-Low. We further propose to call traffic distribution as L2-Medium.
Table 1 lists the high level functions for each sublayer and relation to LTE functions. Detailed function is listed in Table 2 in Appendix. Figure 1 illustrate the 3 sublayer UP with eMBB and mMTC.
Table 1: High level NR function split
	Name
	High Level Functions
	LTE functions

	L2-High
	Stateful functions
	PDCP security, header compression

	L2-Medium
	Multiple Connectivity Anchor
	PDCP packet distribution

	L2-Low
	Real-time functions per TTI
	RLC/MAC


Proposal 1: Adopt the function split, L2-High, L2-Medium, and L2-Low, as the study phrase. Merge or skip of sublayer can be done based on study.
[image: image2.emf]NR

LTE

L2M

L2H

MAC

RLC

Anchor

NG 

Core

L2L

L2L

Anchor

L2H

eMBB

mMTC

URLLC

NR

Core

Server


Figure 2: NR function split for eMBB, mMTC, and URLLC
4 Conclusion
We have following observation 
Observation 1: LTE function split into sublayers is not required by specific requirement.
Observation 2: Dual Connectivity requires L2 split into 2 sublayers: PDCP and RLC/MAC.
Observation 3: CP solution requires L2 split into 2 sublayers: security and other L2 functions.
Observation 4: For eMBB, NR L2 function is split into 2 sublayers: PDCP and L2-Low (RLC/MAC).

Observation 5: For mMTC, NR L2 function is split into 2 sublayers: L2-High (security/RoHC) and L2-Low (RLC/MAC).

Observation 6: For URLLC, NR L2 function split is not a concern as long as zero transmission delay between sublayers.

Based on observations, it is proposed that RAN2 discuss and decide on following proposals:
Proposal 1: Adopt the function split, L2-High, L2-Medium, and L2-Low, as the study phrase. Merge or skip of sublayer can be done based on study.

Table 1: High level NR function split
	Name
	High Level Functions
	LTE functions

	L2H
	Stateful functions
	PDCP security, header compression

	L2M
	Multiple Connectivity Anchor
	PDCP packet distribution

	L2L
	Real-time functions per TTI
	RLC/MAC
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6 Appendix

Table 2: Detailed NR functions with 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/de-multiplexing


