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Discussion and Decision
1      Introduction
SID for NR was approved in RP#71 meeting [1]. In RAN2#93bis meetings, various design considerations and options for user plane were discussed. In this contribution, we investigate NR user plane architectures, based on the discussion of function split and evaluation criteria in [2].
2      Discussion
2.1     Options
The first question is the number of protocol layers. Currently LTE has three layers: PDCP, RLC and MAC. In [3], it is proposed to merge all existing LTE PDCP/RLC/MAC layers into a single layer. Something in between, a two protocol layer solution could be also considered. As more protocol layers introduce additional processing and overhead, it can be assumed that the maximum number of protocol layers in user plane is three. 
Proposal 1: RAN2 to not consider user plane protocol options with more than three protocol layers.
One additional aspect is whether a reduction in the number of protocol layers would achieve real simplification. The real simplification refers to the removal of similar functionalities that currently exist in more than one layer, e.g. sequence numbering, reordering.

Then the question is how to distribute the functions across the layers. As shown in Figure 1 below, for three layers approach, we denote the layers as upper/middle/low with upper referring to the layer close to RRC or user data (i.e. similar to LTE PDCP), and low referring to the layer close to physical layer (i.e. similar to LTE MAC), and middle layer in between (i.e. similar to LTE RLC). For two layer approach, we denote the layers as upper and low.
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Figure 1: Three layers approach and two layers approach for UP
Due to certain characteristic of the functions and the inherent interaction between certain functions, there are certain constraints on how to distribute functions across layers. Below we discuss their constraints.

Segmentation
Segmentation is mainly used to match PDU size with available resources from scheduling, therefore it should be only be performed once in one protocol layer.
Reordering/duplicate discard

There is no need to perform reordering/duplicate discard in the lower layer, therefore it is expected that the functions might be performed only in upper or middle layer or both. For two layers, it is expected that the functions might be performed in upper layer only.
Security

Although it might be possible to put security into middle or low layers, it should be noted that this comes at the cost that non-real-time processing of security functions which might not be possible. To which extent Tx processing time is impacted might be implementation specific. Another benefit of putting security function in upper layer is that it is friendly for DC architecture (e.g. one example is that data forwarding is security protected).
Although some restrictions are defined above, there are still many combinations on how to distribute functions across layers. In Table 1 below we show several options, with current LTE design also shown as reference. Description column gives an overview of the changes relative to LTE.
Table 1: Distribute of functions across layers for different UP options
	Function category
	Description
	Framing (concatenation / segmentation / multipelxing)
	Reordering / duplicate discard
	Security
	ARQ

	LTE
	Current LTE
	Concatenation: RLC

Segmentation: RLC
	PDCP and RLC
	PDCP
	RLC

	Option A (3 layers)
	Moving concatenation function from LTE RLC to MAC
	Concatenation: Low
Segmentation: Middle
	Upper and Middle
	Upper
	Middle

	Option B (3 layers)
	Moving both concatenation and segmentation functions from LTE RLC to MAC
	Concatenation: Low
Segmentation: Low
	Upper and Middle
	Upper
	Middle

	Option C (2 layers)
	Merging LTE PDCP and RLC into one layer
	Concatenation: Upper
Segmentation: Upper
	Upper
	Upper
	Upper

	Option D (2 layers)
	Merging LTE RLC and MAC into one layer
	Concatenation: Low

Segmentation: Low
	Upper and Low
	Upper
	Low

	Option E (1 layer)
	Merging LTE PDCP/RLC/MAC into one layer
	All functions in one layer


2.2     Comparison
In Table 2 below, we provide an initial comparison of the different options with the evaluation criteria discussed in [2].Note that front-haul split aspect is not considered in current comparison.
Table 2: Comparison of different UP options
	Function category
	Tx processing time
	Rx processing time
	Header overhead
	Friendly to LTE interworking

	LTE
	Baseline (
	Baseline (
	Baseline (
	Yes (

	
	
	
	
	

	Option A (3 layers)
	Might be less (
	Might be more due to more header processing (
	Might be more due to more header processing (
	Yes (

	Option B (3 layers)
	Might be less (
	Might be more due to more header processing (
	Might be more due to more header processing (
	Yes (

	Option C (2 layers)
	More (
	Less (
	Less (
	No (

	Option D (2 layers)
	Same (
	Less (
	Same (
	Yes (

	Option E (1 layer)
	More (
	Less (
	Less (
	No (


3      Conclusion
In this contribution, we investigate NR user plane architectures, and propose the following:
Proposal 1: RAN2 to not consider user plane protocol options with more than three protocol layers.
It is proposed that RAN2 to study user plane protocol options in more details, in particular considering the implementation aspects.
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