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1 Introduction

NR should support a wide spread of use cases, which have different requirements. The user plane protocol for NR should be designed to provide the required reliability and delays for different use cases. For example, different requirements could be ranging from traditional mobile broadband, to mission critical systems with very low failure tolerance and high availability, or to a vast number of connections requiring high energy efficiency but are delay tolerant. This leads to the design of different protocol layers with different functionality, which is more flexible to configure and adapted to the requirements when deployed. In this contribution, we give an overview of the functionalities of each protocol layer, and the motivation why they need it or not.
2 Discussion
2.1 PDPC
In LTE, PDPC provides the functionalities and services described below. The question to answer is whether these functions may be needed in NR. A different aspect, which is not addressed here, is what type of enhancements (should enhancements be needed) different functions may need.

Functions of PDCP:

· Compression and decompression of IP data flows 

Compression may typically lead to a better utilization of the air interface since the amount of bits sent over the air is reduced. This may be especially relevant in scenarios where overhead needs to be limited. On the other hand, compression may not be worthwhile when radio resources are not scarce or when instead it is more important to have quick processing of the transport blocks, etc. Furthermore, TCP/UDP/IP header compression (RoHC) is particular important when the relative overhead of these headers compared to the IP packet size is significant (e.g. for small packets such as VoIP) but hardly important in large (jumbo) frames.

Data compression/decompression, e.g. RoHC, functionality may be best placed at the PDCP layer which is the layer receiving IP packets.

· Transfer of data (user plane or control plane)

Data transfer to higher and lower layers is an obvious function of the PDCP layer. 

· Security

Security needs to be placed at one of the RAN protocols. Typically the node performing the security procedures should be placed in a trusted location.
NR is expected to be flexible enough to allow various types of deployments, from traditional macro base stations to small nodes in cafés, or even at households. These small nodes may be more susceptible to be tampered and compromised. Thus, these nodes might not implement network security functions. However, these nodes may need to implement part or all the functions to keep up a radio link. These functions are enclosed by the RLC, MAC, and L1 layers.
PDCP layer will typically be placed in a node which is not easily compromised. Thus, this layer is the best candidate to implement the RAN security functions: 
· 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;

· Maintenance of PDCP SNs

PDCP secures in-sequence delivery to higher layers. If lower layers deliver PDCP PDUs in sequence, there is no need to have PDCP sequence numbers. 
On the other hand, there may be cases in which PDCP sequences numbers are needed. One of reasons is to support dual connectivity and tight LTE/NR integration. PDCP PDUs may be sent to either of the two legs. Each of the legs has its own RLC/MAC/Physical layers. This means that PDCP PDUs may arrive out-of-order due to the different radio and backhaul characteristics in each of the legs. Another typical use case is the handover. Sequence numbers will ensure that there are no PDCP losses.
Thus, PDUs will need to be re-ordered at the PDCP. This can be achieved if PDUs contain sequence numbers. Another of the cases is at the radio re-establishment, in which case, RLC delivers the SDUs to higher layers even if they are not in order.

· In-sequence delivery of upper layer PDUs at re-establishment of lower layers

· Duplicate discarding

There may be situations in which a PDCP PDU is transmitted a second time even if the PDU has been successfully received at the receiver side. These situations may be, for instance, at handover, RLF. Thus, discarding of duplicate PDUs could be considered as an obvious function to support.



· Duplicate detection/elimination of lower layer SDUs at re-establishment of lower layers for radio bearers mapped on RLC AM

At re-establishment, lower layers delivers any data to higher layers. PDCP will detect and discard any packets which are not within the reordering window. 
· Timer based discard (UL)

This function discards SDUs which have been stored for a period of time, the period is configured by higher layers. Timer based discard is important to alleviate or reduce the UE memory requirements. On the other hand, limited buffer sizes have an impact to services running over TCP.

· For split bearers (RLC AM), routing and reordering

LTE specifies dual connectivity in which two nodes can transmit data to the UE. In this case, the data may be divided at the PDCP layer. As a consequence, the PDCP layer needs to route those PDCP PDUs and re-order them as they are received at the receiver side using the PDCP sequence numbers.
In NR, we foresee a similar functionality for the tight LTE-NR integration in which the split is performed at the PDCP, and this layer needs to perform routing and re-ordering. 

This functionality is called “Routing and reordering for split bearers (RLC AM)”. In order to account for the extended functionality to cover the LTE-NR integration, the functionality could be renamed as “routing and reordering for split bearers (RLC AM) and dual connectivity LTE-NR”.


· PDCP PDUs at PDCP data-recovery procedure for split bearers in DC (for RLC AM)

When there are more than one leg e.g. dual connectivity, one of the legs may be lost e.g. RLF. This may cause that part of the data which was transmitted in that leg is not received. The only mechanism to recover is to have a data recovery mechanism in the layer in which the data split happens. This allows to identify the PDCP PDUs which were not received, and to request a retransmission of those ones in the operative radio link.

While in LTE the use case was dual connectivity; in NR, two cases may need a similar procedure. One will be the dual connectivity i.e. different NR legs; and, another case is for the tight integration LTE-NR. 


· Retransmission of PDCP SDUs at handover

The handover case is very similar as the use case for the data-recovery procedure.
Proposal 1 The services and functions supported by PDCP in LTE should be the baseline of services and functions supported in NR

Proposal 2 The mechanisms to support the services and functions provided by PDCP should be adapted (when needed and justified) to support good operation for tight NR-LTE integration

2.2 RLC

For RLC layer, the main function is ARQ and data segmentation/concatenation, based on which mode is configure. With segmentation/concatenation the transmitted data can be adjusted to fit the transport block size. Generally, the following functions are supported by the current LTE RLC sublayer:
· transfer of upper layer PDUs;
Should be natively supported
· error correction through ARQ (only for AM data transfer);
By configuring AM RLC, ARQ is supported with an extra layer of retransmission reliability. In NR, the combination of ARQ and HARQ should be further studied, since it may be possible to improve the reliability of MAC HARQ, it could be configurable whether ARQ in RLC is used or not based on the reliability provided by MAC HARQ, needed reliability, latency requirements, etc. This topic is further discussed in another contribution [1].
· concatenation, segmentation and reassembly of RLC SDUs (only for UM and AM data transfer);
The purpose of the segmentation and concatenation mechanism is to generate RLC PDUs of appropriate size from the incoming RLC SDUs. So, for NR, concatenation and segmentation should be natively supported as well.

· re-segmentation of RLC data PDUs (only for AM data transfer);
This function is closely related to the ARQ, which applies to the retransmitted RLC PDUs in case the size of those does not fit well in the new transport block. Re-segmentation should be natively supported in NR RLC, however the usage of this function may be extended to new scenario, for example, the unlicensed operation, for which the transmission is blocked by channel acquisition. Then, the RLC PDU could be re-segmented to fit the next transmission.
· reordering of RLC data PDUs (only for UM and AM data transfer);
This function applies both for UM and AM data transfer. The basic idea behind this function is to store the received PDUs in a buffer until all PDUs with lower sequence number have been delivered. Only when all PDUs with lower sequence number have been used for assembling SDUs is the next PDU used. This is achieved by configuring a reordering timer. For AM, if the timer expires then retransmission of lost PDUs will be triggered. For UM, if the timer expires then the received data is delivered to upper layers (out of sequence).
Reordering function is essential in RLC, the delivered PDUs from MAC layer may be out of sequence since multiple HARQ processes work independently. Even though PDCP can support in-sequence delivery, it is mainly for special cases like dual connectivity. Also, some services like, e.g. carried via TCP, may not work well if receiving data out-of-order too much.
· duplicate detection (only for UM and AM data transfer);
Duplicate detection shall be supported in RLC. In some error cases, for example, in MAC layer, the ACK could be falsely decoded as NACK, then the successfully received data blocks will be transmitted again.
· RLC SDU discard (only for UM and AM data transfer);
This function is closely related to the duplicate detection, and shall be supported by RLC.
· RLC re-establishment;
This function should be natively supported, it is performed upon request from RRC when some errors happen, e.g., link failure.
· Protocol error detection (only for AM data transfer).
Should be natively supported
Proposal 3 The services and functions supported by RLC in LTE should be the baseline for the services and functions supported in NR.
Proposal 4 Some functions shall be configured with more flexibility, e.g., the ARQ could be dynamically configured on/off based on the MAC HARQ reliability.

2.3 MAC

The design of MAC in LTE has allowed keeping a low complexity with an efficient and fast handling by any type of devices of the transport block. This has been achieved by keeping a minimalistic approach to the packet handling functions that are mainly responsibility of RLC and concentrating in the functions that allows the optimal operation and utilization of the physical layer. 

The main services and functions of the MAC sublayer include:
· Mapping between logical channels and transport channels
· Multiplexing/demultiplexing of MAC SDUs belonging to one or different logical channels into/from transport blocks (TB) delivered to/from the physical layer on transport channels. Additional motivation is also discussed in [2].
· Priority handling between logical channels of one UE. The handling of different priorities and an efficient use of the spectrum motivates the need to implement these functions in MAC. 
· Scheduling information reporting. The reporting of the UE scheduling information is an efficient and fast function that allows the network to provide the UE with UL grants. In a fully scheduled system, this function will be still required for the same purpose. 
· Error correction through HARQ. The benefits of HARQ retransmissions highlighted in [1] motivate the need to provide HARQ retransmissions in MAC for the services that benefit from reliability.
· Priority handling between UEs by means of dynamic scheduling;
· Transport format selection;
· Padding
These functions are foreseen to be also required by the NR MAC layer. Some of them might require adjustments in order to provide higher flexibility to address the requirements of the new use cases for NR. For example, in order to reach very high data rates with the deployment of wide carriers, a new set of transport formats are needed to be defined and possibly a new transport format selection procedure needs to be updated according to the newly defined control channels for NR. Another example is the improvements to the UL granting signalling to enable a greater granularity and control of logical channels when multiplexing data.

Proposal 5 The functions of the LTE MAC layer should be the baseline for the services and functions supported by NR 
2.4 NR High Layer Protocols

Based on the discussion above, we foresee that all/most of the functionality and services provided by the different layers in LTE may be also needed in NR. We see great synergies and advantages by keeping the layer architecture which is currently in 3GPP system i.e. PDCP/RLC/MAC. These layers have been used for a long period, they are well tested and they provide a great flexibility. Re-using the protocol architecture will certainly minimize both the implementation as well as the testing efforts, and it will certainly facilitate a tight integration with LTE. 
On the other hand, we all have to acknowledge that improvements may be needed to better cope with new challenges and problems which e.g. the new range of services to be supported will introduce. 

Proposal 6 NR UP baseline protocol architecture should be PDCP, RLC, MAC

Proposal 7 NR PDCP, RLC, MAC protocols should support as a baseline the same services and functionalities which the corresponding LTE PDCP, RLC, and MAC protocols support

3 Conclusion
Based on the discussion in this contribution we propose:

Proposal 1
The services and functions supported by PDCP in LTE should be the baseline of services and functions supported in NR
Proposal 2
The mechanisms to support the services and functions provided by PDCP should be adapted (when needed and justified) to support good operation for tight NR-LTE integration
Proposal 3
The services and functions supported by RLC in LTE should be the baseline for the services and functions supported in NR.
Proposal 4
Some functions shall be configured with more flexibility, e.g., the ARQ could be dynamically configured on/off based on the MAC HARQ reliability.
Proposal 5
The functions of the LTE MAC layer should be the baseline for the services and functions supported by NR
Proposal 6
NR UP baseline protocol architecture should be PDCP, RLC, MAC
Proposal 7
NR PDCP, RLC, MAC protocols should support as a baseline the same services and functionalities which the corresponding LTE PDCP, RLC, and MAC protocols support
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