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1
Introduction

In this document, we first identify the main functions of L2 radio interface protocols for the new RAT. Then, we analyse the placement and grouping of these functions into sub-layers of PDCP, RLC, and MAC. Subsequently, discussions are given to the proper configurations of the L2 functions to meet challenges in supporting a wide range of enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), and ultra reliable and low latency communications (URLLC) services [1].
2
Discussion
2.1
L2 protocol functions
In LTE/LTE-A, L2 radio interface protocols are split into three L2 sub-layers (i.e. PDCP, RLC, and MAC) [2], and the corresponding functions of each sub-layer are listed in Table 1:
Table 1 L2 protocol functions of LTE
	            L2 Sub-layer
Functions 
	MAC
	RLC
	PDCP

	In-sequence delivery
	
	Reordering of RLC data PDUs (only for UM and AM data transfer);
	In-sequence delivery of upper layer PDUs at PDCP re-establishment procedure for RLC AM;
For split bearers in DC (only support for RLC AM): PDCP PDU routing for transmission and PDCP PDU reordering for reception;

	Duplication detection
	
	of received RLC data PDU (only for UM and AM data transfer);
	of received PDCP PDU;

	Retransmission for higher reliability
	Error correction through HARQ;
	Error Correction through ARQ (only for AM data transfer);
	Retransmission of PDCP SDUs at handover and, for split bearers in DC, of PDCP PDUs at PDCP data-recovery procedure, for RLC AM;

	Radio resource matching
	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;
Padding.
	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);
	

	SDU discard at transmitting side
	
	RLC SDU discard (only for UM and AM data transfer), per indication from PDCP;
	Timer-based SDU discard in uplink.

	Scheduling operation
	Buffer status reporting and scheduling request;

Priority handling between UEs by means of dynamic scheduling;
Priority handling between logical channels of one UE;
	
	

	Security
	
	
	Ciphering and deciphering;
Integrity Protection for control plane

	Compression 
	
	
	Header compression and decompression: ROHC only;


Generally, most MBB services in current LTE/LTE-A system will also exist in NR system. NR shall provide at least comparable capabilities to meet the QoS requirements of legacy MBB services. The functionalities in current three L2 sub-layer protocols would still be needed. For example, PDCP SDU discard helps end a transmission, if it already exceeds its latency limit and becomes useless. And scheduling is essential to handle different UE priority and service queues.
Proposal 1: L2 protocol functions of NR air interface should take as baseline the existing L2 protocol functions of LTE/LTE-A (i.e. Retransmission, In-sequence delivery, Duplicate detection, SDU discard, Radio resource matching, Scheduling, Security, Compression, etc).
2.2
Placement and grouping of L2 protocol functions
In the following, discussions are first given to some seemingly redundancies in L2 protocols of LTE/LTE-A, as certain functionalities are realized in more than one sub-layers.
HARQ retransmission in MAC layer incurs smaller latency and provide better spectrum efficiency than ARQ does, for a certain reliability requirements, e.g. 10-2 loss rate for VoIP with 40ms delay requirements. However, RLC layer ARQ retransmission can accomplish much higher reliability and provide differentiated reliability for different services. At handover or RRC re-establishment, retransmission of PDCP SDU at the target cell is needed for lossless handover. This can have significant impact on the TCP operation. Retransmission of PDCP PDUs is performed to recover PDCP data for split bearers during SCG change. Due to the nature of non-ideal backhaul between MeNB and SeNB, much larger latency would be incurred in transmission, if retransmission operations at RLC and PDCP are combined at PDCP.

Observation 1: Retransmission functionalities are needed at different sub-layers of L2 protocols for different purposes.
In order to perform their respective retransmissions, RLC and PDCP also need their own re-ordering and duplication detection functionalities to detect the loss of their PDU packets. Reordering and in sequence delivery of data packets to higher layers is important in PDCP to also benefit TCP operation.
Observation 2: Reordering and duplication detection are needed both in RLC and PDCP, for their respective error recovery and in-sequence delivery.

Segmentation and concatenation are needed at RLC layer to fit RLC SDUs from the same bearer into a RLC PDU of the size indicated by MAC layer. Due to wide range of IP packet sizes, and to the potential small packets of machine type applications, concatenation and segmentation are still valuable functionalities to maximize the carried payload in a transmission time unit. Multiplexing, on the other hand, is used in the MAC layer to multiplex MAC SDUs from multiple logical channels. It helps allocate radio resources for different logical channels according to their different rate and latency priorities.

Observation 3: Concatenation and segmentation maximize the payload carried in a transmission time unit, while multiplexing allocates radio resources for different logical channels according to their different rate and latency priorities.

In addition, L2 UP protocol functions should also support tight inter-working between LTE/LTE-A and NR. With DC 3C kind of architecture, either NR or LTE can be the anchor in NR/LTE tight interworking. If NR is the anchor in NR/LTE tight interworking, then NR should have a PDCP layer to work with LTE RLC/MAC. If LTE is the anchor in NR/LTE tight interworking, then NR should be able to provide error correction and in-sequence delivery services to LTE PDCP. Furthermore, concatenation is very important for MTC service. Hence, RLC layer is still needed in NR. 
Fig 1 illustrates a possible L2 protocol stack for NR based on the above discussions:

[image: image1.emf]NR PDCP

NR RLC

NR MAC

CN

NR PDCP

NR RLC

NR MAC

CN

LTE RLC

LTE MAC

LTE PDCP

LTE RLC

LTE MAC

CN

NR RLC

NR MAC

a) Standalone 

NR

b) tight interworking 

with anchor at NR

c) tight interworking 

with anchor at LTE


Fig 1 Possible L2 protocol stack for NR
Proposal 2: Taking LTE/LTE-A L2 protocol architecture as baseline, L2 protocol stack of NR air interface maintains PDCP/RLC/MAC sub-layers.
2.3
Flexible operations of L2 protocol functions

NR should support a wide range of use cases and deployment scenarios. Hence, NR L2 protocols need to meet different requirements. For example, header compression is beneficial for VoIP or mMTC services, as it can reduce overhead for the transmission of small packets. Though ARQ is needed for eMBB services over TCP, it may not be suitable for URLLC, as it can cause large delay in the retransmission. Furthermore, flexible timing in HARQ process can help NR operate with various frame structure and dynamic channel conditions, including those in high frequency and unlicensed bands. 
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Fig 2 Illustration of pre-construction of RLC PDU to reduce L2 processing delay
Properly configuring L2 protocol functions may also help reduce processing time. For example, with semi-static RLC PDU size, RLC PDUs can be pre-constructed at UE, before UL grant is received. Fig 2 illustrates the reduced processing time through pre-constructing RLC PDU. RLC does not have to wait for MAC scheduling decision and RLC PDU size indication. This reduces the processing time in generating transport block, at the expense of spectrum efficiency. It may be suitable to some MTC and URLLC applications.
Proposal 3: L2 protocol functions of NR should be flexibly configurable for diverse use cases and deployment scenarios, e.g.,
· to support flexible frame structures in PHY;
· to support both dynamic and semi-static concatenation/segmentation operation, with and without MAC scheduling information, respectively;

· To support flexible HARQ timing, etc.
3. Conclusion
In this paper, we identify the main functions of L2 protocols for NR air interface, analyse the placement and grouping of these functions into sub-layers of PDCP, RLC, and MAC, and discuss the need of flexible configuration of these L2 functions to support diverse services.
Proposal 1: L2 protocol functions of NR air interface should take as baseline existing L2 protocol functions of LTE/LTE-A (i.e. Retransmission, In-sequence delivery, Duplicate detection, SDU discard, Radio resource matching, Scheduling, Security, Compression, etc).
Observation 1: Retransmission functionalities are needed at different sub-layers of L2 protocols for different purposes.

Observation 2: Reordering and duplication detection are needed both in RLC and PDCP, for their respective error recovery and in-sequence delivery.

Observation 3: Concatenation and segmentation maximize the payload carried in a transmission time unit, while multiplexing allocates radio resources for different logical channels according to their different rate and latency priorities.

Proposal 2: Taking LTE/LTE-A L2 protocol architecture as baseline, L2 protocol stack of NR air interface maintains PDCP/RLC/MAC sub-layers.
Proposal 3: L2 protocol functions of NR should be flexibly configurable for diverse use cases and deployment scenarios, e.g.,
· to support flexible frame structures in PHY;

· to support both dynamic and semi-static concatenation/segmentation operation, with and without MAC scheduling information, respectively;

· To support flexible HARQ timing, etc.
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