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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 function split and evaluation criteria for NR user plane architecture.
2      Discussion
2.1     Functions supported in user plane
In Table 1 below, we list the functions supported in current LTE user plane. Functions are categorized for easier discussion.
Table 1: Functions supported in user plane
	Function category
	MAC
	RLC
	PDCP

	Concatenation / (re-)segmentation
	
	-
concatenation, segmentation and reassembly of RLC SDUs (only for UM and AM data transfer);

-
re-segmentation of RLC data PDUs (only for AM data transfer);
	

	Reordering / duplicate discard
	
	-
reordering of RLC data PDUs (only for UM and AM data transfer);

-
duplicate detection (only for UM and AM data transfer);
	-
in-sequence delivery of upper layer PDUs at re-establishment of lower layers;

-
duplicate elimination of lower layer SDUs at re-establishment of lower layers for radio bearers mapped on RLC AM;

-
duplicate discarding;
-
for split bearers, routing and reordering.

	Security
	
	
	-
ciphering and deciphering of user plane data and control plane data; 

-
integrity protection and integrity verification of control plane data;

-
for RNs, integrity protection and integrity verification of user plane data;

	ARQ
	
	-
error correction through ARQ (only for AM data transfer);
	

	Functions close to upper layer
	
	
	-
header compression and decompression of IP data flows using the ROHC protocol;

	Functions close to PHY
	-
mapping between logical channels and transport channels;
-
error correction through HARQ;

-
scheduling information reporting;

-
priority handling between UEs by means of dynamic scheduling;

-
priority handling between logical channels of one MAC entity;

-
Logical Channel prioritisation;
-
transport format selection;

-
radio resource selection for SL.
	
	

	Multiplexing
	-
multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels;

-
demultiplexing of MAC SDUs from one or different logical channels from transport blocks (TB) delivered from the physical layer on transport channels;
	
	

	Functions obvious to be supported
	
	-
transfer of upper layer PDUs;
	-
transfer of data (user plane or control plane);

	SDU discard
	
	-
RLC SDU discard (only for UM and AM data transfer);
	-
timer based discard;

	Layer specific operations
	
	-
RLC re-establishment;
	-
maintenance of PDCP SNs;

	Protocol error detection
	
	-
Protocol error detection (only for AM data transfer).
	


In the following, we focus on the functions that are closely related to user plane architecture design. Below functions are not considered when evaluating how to assign functions across user plane layers. Note that the functions below are still needed, but the discussion for user plane architecture options do not depend on these functions.
· Functions close to upper layer: as header compression is operating on IP data flows, it is obvious that this function belongs to the highest user plane protocol.
· Functions close to PHY: this is mainly related to many MAC layer operations in Table 1 above, and it is obvious that these functions belong to the lowest user plane protocol.
· Multiplexing: in LTE, PDCP and RLC layers are RB specific and MAC layer performs multiplexing of different logical channels. Unless we want to depart from this principle, it is desirable to keep multiplexing always in the low layer. It is expected that whether to support multiplexing of different radio bearers in low layer does not affect the discussion of the options, therefore this function is not treated further.
· Functions too obvious to be even discussed further in this contribution: transfer of upper layer PDUs, transfer of data (user plane or control plane)
· SDU discard: this function was introduced to facilitate fast TCP congestion avoidance. It is expected that this function will not affect user plane architecture discussion.
· Layer specific operations (RLC re-establishment and maintenance of PDCP SNs): as these functions are bound to particular layers, they are not considered further in this contribution.
· Protocol error detection: currently in LTE protocol error detection is supported in RLC AM layer. If maximum number of retransmissions has been reached for a DRB, RLF is declared. It is expected that such function can be implemented irrespective of user plane architecture option, therefore it is not considered further in this contribution.
Therefore we will look at various UP options on how to distribute following functions into different layers. Note that it is possible that one function can be supported in multiple layers.
Concatenation / (re-)segmentation
In LTE, concatenation is done in RLC layer, not in PDCP layer. Segmentation is performed in RLC layer. There is close interaction between MAC and RLC layers. MAC layer decides the number of bits available for each logical channel. In DL, this is done by eNB scheduler internally. In UL, this is based on UL grant and LCP procedure. Based on the available bits for transmission, the RLC layer performs concatenation/segmentation/re-segmentation accordingly.
One question raised in RAN2#93bis meeting is whether segmentation can be (optionally) turned off in NR. Segmentation is used to handle the mismatch between the SDU size and the available resources for transmission. For example, if the available resource size is smaller than the SDU size (one example is that jumbo (9 kbytes) or super jumbo IP (64 kbytes) packets might not fit into physical layer resources), then the SDU cannot be transmitted without segmentation. Another example is that if the available resource size is between the size of one SDU and two SDUs, then without segmentation, only one SDU is transmitted and padding should be used for remaining space. Both examples show that without segmentation, there is waste of radio resource. There are several reasons that there are mismatch between the SDU/PDU size and available resources for transmission. 

· TBS size: currently LTE TBS size is only in granularity of 1 byte for small TBS size (<= 512 bits). This is due to Turbo code QPP interleaver, as well as the need to reduce the number of TB size values that need to be signaled in L1 signalling (i.e. PDCCH). It might be possible to design for other TBS sizes, but this may increase hardware cost. In general, this depends on RAN1 design on channel coding and L1 signalling.
· In UL, TBS is selected by the network, which might not know UE status. In addition, LCP is performed in MAC layer, which may also result in the mismatch between the packet size and available resources.
Therefore segmentation is necessary to guarantee efficient resource utilization.
Proposal 1: Segmentation functionality should be supported in NR user plane.
Reordering / duplicate discard
In LTE, since N-Channel Stop-and-wait HARQ is used in, packets delivered from MAC layer could be out of order. In addition, due to HARQ ACK to NACK error, there could be also duplicated packets received. Therefore RLC layer performs reordering and duplicate detection. In DC, reordering is also performed in PDCP layer due to independent operation in MCG RLC and SCG RLC. During handover, PDCP performs in-sequence delivery and duplicate elimination (duplicate packets might be possible if PDCP status report is not provided).
Security
In LTE, ciphering is done in PDCP layer, and can be performed in non-real-time manner. This is beneficial from transmitter processing time perspective as ciphering is typically computationally intensive.
ARQ
In LTE, ARQ provides more reliability on top of HARQ, which typically targets for 1% residual BLER after several retransmissions. It is expected that ARQ functionality is still needed at least for services not requiring extremely low latency.
There could be various ways on how the functionalities are distributed. Current LTE is already an example on how to distribute these functions. Another example, as proposed in [3], is to merge all existing LTE PDCP/RLC/MAC layers into a single layer. Yet another example is to merge the LTE PDCP and RLC layers into a single layer for NR. There could be also other possibilities on the number of layers and how to distribute the functions into layers. Detailed discussion is handled in [2].
Proposal 2: It is proposed to consider functions concatenation/(re-)segmentation, reordering / duplicate discard, security, and ARQ when evaluating how to assign functions across user plane layers.
2.2     Evaluation criteria
In this section, we discuss criteria to evaluate user plane architecture options in terms of where to assign user plane functions.
Tx / Rx processing

As NR is targeting for very high data rate, the processing time available for both transmitter and receiver might be very limited compared with the amount of data to be transmitted. It is therefore important that NR user plane architecture should be friendly for the processing both in transmitter and receiver. One example to minimize transmitter processing time is to minimize the needed real-time processing. For instance in LTE, PDCP PDU can be generated once PDCP SDU is available, i.e. PDCP PDU generation can be done in a non-real-time manner. However RLC and MAC PDUs should be generated in real-time manner (i.e. after reception of UL grant).
From receiver side perspective, there are many aspects related to the processing time. Note that although there might not be very strict constraint on the layer 2 processing time compared with the requirement on HARQ feedback, it is desirable that layer 2 processing is done as fast as possible for layer 2 control PDUs (e.g. MAC CE, RLC/PDCP control PDUs), RRC signalling and application data. Some examples related to receiver processing are discussed below:
· Typically, the fewer the PDUs, the fewer the headers to process. Therefore it is desirable to minimize the number of PDUs.
· Putting headers together might be easier for receiver processing as it is cache-friendly. For example, in LTE MAC header design, all the MAC sub-headers are at the beginning of MAC PDU, followed by MAC CE and MAC SDUs. LTE MAC design is easier for receiver to parse MAC sub-headers since consecutive allocation of the sub-headers can avoid cache miss for processing.
Header overhead
Typically, the fewer the layers, or the fewer the PDUs in all layers, the less overhead.
Friendly to LTE interworking (including both handover and LTE-NR interworking)

For example, if PDCP layer is kept the same as LTE, then it is easier for handover between LTE and NR, and also DC architecture option 3C (split bearer).
Front-haul split

Currently in front-haul split discussion, many options are related to in which layer the protocol split is performed. Therefore the user plane architecture discussion might be also tightly related to the font-haul split related discussion. Using LTE protocol as an example, RLC and MAC are tightly coupled. Therefore it might not be desirable to split between RLC and MAC if latency in front-haul is large.
Proposal 3: Tx/Rx processing, header overhead, and friendliness to LTE interworking should be considered in RAN2 when evaluating user plane architecture options. Impact on front-haul split should be evaluated by RAN3.
3      Conclusion
In this contribution, we investigate function split and evaluation criteria for NR user plane architecture, and propose the following:
Proposal 1: Segmentation functionality should be supported in NR user plane.
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Proposal 2: It is proposed to consider functions concatenation/(re-)segmentation, reordering / duplicate discard, security, and ARQ when evaluating how to assign functions across user plane layers.

Proposal 3: Tx/Rx processing, header overhead, and friendliness to LTE interworking should be considered in RAN2 when evaluating user plane architecture options. Impact on front-haul split should be evaluated by RAN3.
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