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1	Introduction
In the previous RAN2 #93bis meeting, first discussions about the NR protocol functions and their placement in the stack took place and the following agreements were made [1]:
1)      RAN2 will identify the main radio interface protocol functions
2)      RAN2 will decide the order/placement/grouping of functions in protocol layers
In this contribution we discuss the NR UP protocol architecture and functions as well as functions split between the NR UP sub layers.
2	Discussion
Many contributions from the previous meeting, like [2]-[4], discussed what are the main requirements for the NR user plane protocols to support and what are the learning points, e.g., during the LTE system evolution, that should be taken into account when designing the UP stack for NR. Clearly, the processing requirements for the NR entities play bigger role than they did previously given the targeted bit rate and energy efficiency targets, so the design of the stack needs to be considered carefully. Furthermore, the functions split needs to be reconsidered as will be discussed in the following.
Real time and non-real time functions
Considering the transmitter side UP protocol stack functions, they can be roughly divided into real time – RT and non-real time – nRT functions. RT refers to functions that can be processed only after the scheduling decision/grant for a given TTI has been made/received and nRT to functions that do not require strict on a per TTI basis processing. The current LTE RLC could be seen to include both RT and nRT functions – proper segmentation and concatenation decisions cannot be made for a certain TTI before scheduling decision has been made (in NW) or grant has been received (by UE), these are referred to as RT functions; ARQ in turns would not need to have any relation to a per TTI processing and could be considered as nRT function but given the LTE RLC PDU structure, ARQ is also tightly coupled with the RT functions. Due to the RT properties, LTE RLC is tightly coupled with LTE MAC layer and makes exploiting a fronthaul (FH) interface in between very difficult in the NW side, e.g., to exploit ARQ and corresponding buffering needs placing into the central unit. By the same token, in the UE side no any RLC pre-processing can be made before the UL grant has been received due to the above reasons which complicates the implementation and RT processing requirements.
Observation 1: LTE RLC ARQ function is tightly coupled to the RT functions of both RLC and MAC layers.
To leverage clear functions separation, e.g., in the FH studies and implementation, it would be beneficial to design the NR UP radio protocols such that strict RT functions are separated from nRT functions.
Proposal 1: Design NR UP radio protocols such that RT (real time) functions are clearly separated from nRT (non-real time) functions.
Logical channel support in NR
In the previous RAN2 meeting, maintaining the radio bearer concept was slightly touched in the discussions [1]. Due to the unreliable physical media of pure air that needs to be dealt with, the radio needs to be able to recover errors and still maintain certain latency budgets as well as in-sequence delivery capabilities. These requirements however are not the same for all the applications running in parallel, for instance, some streaming applications might not require ARQ level error recovery and could utilize UM type of traffic with certain latency budget in the radio while usually the TCP for instance requires very reliable medium to work properly. Furthermore, it is evident that supporting, e.g., the CP latency requirements, requires prioritization as well as parallel handling of CP data from the UP data in the radio to avoid any UP data queuing and retransmissions to delay the delivery of CP messages [7]. Thus, maintaining the support of multiple parallel logical channels by the NR UP stack is still seen beneficial.
Proposal 2: NR UP protocol stack supports maintaining of multiple parallel logical channels that can be configured with different characteristics and priorities.
2.1	UP protocol layers, functions, and services
Based on the discussion above, the below NR Layer 2 UP protocol stack is proposed including the following sublayers: NCS (Network Convergence Sublayer), RCS (Radio Control Sublayer), and MAC (Medium Access Control). The corresponding UP stack is depicted in the Figure 1 where the PHY/L1 is depicted for completeness.
Regarding the terminology, because the functions of PDCP have considerably evolved since UTRAN, we think that a new name would be needed to encompass the aspects pertained to multi-connectivity (also with non-3GPP radios, like WLAN), hence the suggestion to adopt NCS. For RLC, there was an attempt in the early days of LTE to change its name due to the frequent confusion there is with RRC. Unfortunately, such a proposal was rejected and RAN2 had to endure another 10 years of mixing RLC and RRC when discussing orally. For the sake of clarity, we would therefore like to suggest RCS (or any other name, as long as it is very different from RRC).



Figure 1: NR Layer 2 UP protocol stack
The proposed NR UP stack has similar protocol layers as the current LTE, however, for the functions split between the layers we see some differences to achieve flexible deployment of protocol layers in the NW as well as enabling processing efficient operation at both Tx and Rx side.
2.1.1	NCS
NCS provides its services to control plane (RRC) and user plane upper layers and has the following main functions and services (the ones marked with bolded text are not inherited from LTE PDCP):
· Transfer of control and user plane data;
· Header compression;
· Security (ciphering and integrity protection);
· In-sequence delivery;
· Sequence numbering;
· Duplicate detection/discarding;
· Timer based discard;
· Reordering;
· In case of NCS based multi-connectivity, routing of data;
· Data duplication;
· Data splitting into RSFs (Radio Sub Flows).
On top of current LTE PDCP functions/services, the proposed NCS layer incorporates new data duplication and data splitting into RSFs functions that are further discussed in [5] and [6], respectively. Furthermore, the reordering function would be performed by default for all data, ie., not only in the case of NCS based multi-connectivity.
2.1.2	RCS
RCS provides the following main services and functions (the functions are inherited from LTE RLC, however, some functions are moved to NCS and MAC): 
· AM, UM, and TM data transfer
· Transfer of upper layer PDUs;
· Error correction through ARQ;
· Segmentation and reassembly of RCS SDUs;
· Duplicate detection;
· RCS SDU discard;
· RCS re-establishment;
· Protocol error detection.
Compared to LTE RLC, the concatenation function in the NR UP stack is moved from RCS to MAC layer to avoid having duplicate functions in the stack – MAC layer does also the multiplexing between logical channels. Consequently, the ARQ function is applied per RCS SDU/NCS PDU. However, separating the segmentation function completely from the ARQ layer would require ARQ to re-transmit full SDUs which might become an issue with bigger packet sizes (subject to the available TB size), thus, re-transmitting/status reporting also segments would be beneficial. Hence, mechanisms to support potentially multistage segmentation flexibly and efficiently by the implementation which enables, e.g., the flexible ARQ function placement in the NW, should be supported by the NR segmentation concept. It needs to be studied whether such scheme makes still sense to be supported solely by RCS layer or whether, e.g., MAC layer enhancements to support the operation should be considered.
Additionally, reordering function is moved to be solely performed by NCS layer as it’s the highest protocol layer which can receive our-of-order packets.
2.1.3	MAC
MAC provides the following main services and functions (the ones marked with bolded text are not inherited from LTE MAC):
· Transfer of upper layer PDUs;
· Mapping between logical channels and transport channels;
· Multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels;
· De-multiplexing of MAC SDUs from one or different logical channels from transport blocks (TB) delivered from the physical layer on transport channels;
· Concatenation of MAC SDUs from a logical channel;
· Segmentation of MAC SDUs; FFS
· Error correction through HARQ;
· Scheduling information reporting;
· Priority handling between UEs by means of dynamic scheduling;
· Priority handling between logical channels/LCP;
· Transport format selection;
The concatenation function is implemented by MAC layer in the NR to remove duplicate functions in the stack as well as to clearly separate the nRT functions, like ARQ function, from the RT functions. Furthermore as discussed above, the support for segmentation in MAC on top of RCS segmentation should be studied.
Further MAC functions, for instance, pertaining to support for beam forming operation in higher frequency NR system are FFS.
Proposal 3: Agree on the baseline of NR UP protocol architecture which includes the NCS, RCS, and MAC sub layers.
Proposal 4: Adopt the functions split between the NR UP sub layers as presented above.
3	Conclusions
The document discussed NR UP protocol architecture and functions split between the protocol sub layers. Based on that, we have the following proposals.
Proposal 1: Design NR UP radio protocols such that RT (real time) functions are clearly separated from nRT (non-real time) functions.
Proposal 2: NR UP protocol stack supports maintaining of multiple parallel logical channels that can be configured with different characteristics and priorities.
Proposal 3: Agree on the baseline of NR UP protocol architecture which includes the NCS, RCS, and MAC sub layers.
Proposal 4: Adopt the functions split between the NR UP sub layers as presented above.
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