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1. Introduction
In the last meeting, the discussion on NR was started in RAN2. Regarding the protocol architecture, RAN2 made following agreement:
Agreements

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 paper, we address the radio interface protocol functions for NR. 
2. Discussion
In the last meeting, the several contributions discussed the protocol architecture for NR. As pointed out in [2], we think that the current LTE layer 2 is the good starting point since it is well defined to achieve relatively high performance communication and demonstrated flexibility w.r.t. extendibility. We address the motivation of the each function related to data transmission and reception is still applicable for NR one by one.
PDCP functions:
Followings are the main PDCP functions and our analysis on the applicability for NR:
	Function
	Motivation
	Applicable for NR?
	Remarks

	Header compression
	Resource efficiency for short packet
	Yes
	VoLTE will be deployed in the lower frequency band.

	Timer based discard
	Support of real-time services
	Yes
	VoLTE will be supported for NR

	Ciphering / Integrity protection
	Security for air I/F
	Yes
	

	Retransmission
	In sequence delivery for  the case of lower layer re-establishment
	Yes
	

	Reordering
	In sequence delivery for the case of

- lower layer re-establishment

- Split bearer
	Yes
	

	Duplicate detection
	In sequence delivery for the case of

- lower layer re-establishment

- Split bearer
	Yes
	Up to retransmission supporting


Regarding header compression and timer based discarding, they are motivated to support short packet and real-time service such as VoLTE. Considering the migration from LTE to NR in the future, voice service will be served on NR macro cell layer with existing lower frequency band. Therefore, it is obvious that header compression and timer based discarding are needed. With regard to ciphering and integrity protection, if NR aims to serve the similar level of security for air interface as for today, the same functions will be needed. For retransmission, reordering and duplicate detection, we think that these are needed since PDCP will acts as anchor point for the case lower layer does not guarantee in-sequence delivery. Since PDCP is responsible for security, if the security input is updated/refreshed during the RRC connection, lower layer should be flushed to avoid the ambiguity between eNB and UE. Consequently, retransmission, reordering, duplicate detection are needed at least from security point of view. Another case where lower layer does not guarantee in sequence delivery is the RAN level splitting e.g., for DC and LWA. Since the same target scenario for DC and LWA will be applicable for NR, the similar splitting mechanism will be defined. Even while we may have opportunity to reconsider the anchoring point to e.g., RLC, IP packet level splitting will be still straightforward unless the significant benefit is foreseen to do so. Therefore, also from RAN level splitting point of view, retransmission, reordering and duplicate detection are needed in PDCP.
Observation1: All the current PDCP main functions are applicable for NR.

RLC functions:

Followings are the main RLC functions and our analysis on the applicability for NR:

	Function
	Motivation
	Applicable for NR?
	Remarks

	Concatenation / segmentation
	Flexible TBS support
	Yes
	May be up to L1 design

	ARQ
	Loss less delivery
	Yes
	

	SDU discard
	Real-time service support
	Yes
	Assume PDCP timer discard is supported

	Protocol error detection
	Recovery from the abnormal case, e.g., the number of RLC retx exceedance
	Yes
	

	Reordering
	In sequence delivery
	Yes
	

	Duplicate detection
	In sequence delivery
	Yes
	Up to ARQ supporting


Regarding concatenation and segmentation, they are justified to support the flexible TBS. We think this motivation still exists for efficient transmission for NR. Considering the functions to guarantee in-sequence delivery, e.g., ARQ and reordering, it will be worth considering to be removed since the similar functions are supported also in PDCP layer. However, we think these functions are still beneficial if segmentation is supported. If segmentation is supported, one RLC SDU can be segmented into several RLC PDUs based on TBS. When some of the RLC PDUs are dropped in the air, L2 retransmission will be performed. If RLC does not support retransmission and reordering, the retransmission is based on RLC SDU and all the byte segments including those have been already received need to be transmitted again. This will result in inefficiency since more radio resource will be consumed. Of course, this will depend on the physical layer design for NR such that if L1 provides very low residual error rate (e.g., less than 10^-6) in general, RLC retransmission rarely happen. However, if we assume eMBB, it may be able to assume that the similar BLER as for LTE today (e.g., 10^-3) may be targeted and it cannot be ensured that RLC retransmission is hardly occur. Thus, the RLC PDU level retransmission is beneficial to support from efficient retransmission point of view. Consequently, we think that all the current RLC main functions are applicable for NR.
Observation2: All the current RLC main functions are applicable for NR.
MAC functions:
Followings are the main MAC functions related to data transmission/reception, and our analysis on the applicability for NR.
	Function
	Motivation
	Applicable for NR?
	Remarks

	LCP
	QoS 
	Yes
	May be up to QoS design

	(De-)Multiplexing
	Resource efficiency
	Yes
	May be up to L1 design

	HARQ
	Fast retransmission
	Yes
	May be up to L1 design


Regarding LCP and HARQ operation, although their details may depend on the discussion on other WG, e.g., service/ bearer management (SA) and physical layer design (RAN1), we think that the similar principle will be anyway supported also for NR. Regarding (de-)multiplexing, in [3], it is proposed to remove this functionality, i.e., one MAC PDU accommodates only one service. The motivations mentioned in [3] are overhead reduction, PDU format simplicity and better QoS. As commented from companies during the last meeting [1], the feasibility and benefit will be impacted by L1 design, e.g., beamforming and control channel. We think that multiplexing will bring efficient transmission by filling the transport block with the available data and thus it can be supported. Consequently, we think that all the current MAC main functions are applicable for NR.
Observation3: All the current MAC main functions are applicable for NR.
From above observations, we propose to consider the current L2 functions as the main radio interface protocol functions for NR. It should be noted that we don’t intend to exclude the possibility of optimization/modification e.g., for the specific use case, mMTC and URLLC.
Proposal1: RAN2 to consider the current L2 functions as the main radio interface protocol functions for NR.
Regarding the order, placement and grouping, we think that such reconsideration is hard to be justified since we understand that the order, placement and grouping of the L2 functions in LTE are defined in the reasonable way. For example, we may consider to place security functions in RLC, i.e., ciphering / integrity protection are performed based on RLC SN which may result in PDCP functions are integrated in RLC. However, RLC generates PDU when it receives the request from MAC and the operation is very delay constrained. Since NR will have shorter TTI than LTE, it will not be feasible to add the ciphering in such delay sensitive loop. Another possibility is to place concatenation / segmentation in MAC which may result in RLC functions are integrated in MAC. In this case, MAC may attach the SN to MAC PDU which will be used for reordering. However, as long as MAC supports multiplexing the data from different PDCP PDU streams, such segmentation and reordering based on the MAC SN may be difficult since such SN only provides the order of MAC PDU and does not serve the PDCP PDU stream specific information. Therefore, segmentation / concatenation should be done per each PDCP PDU stream in the higher layer than MAC. Therefore, we would like to propose that NR adopts the order, placement and grouping of LTE L2 functions as it is.
Proposal2: NR adopts the order, placement and grouping of LTE L2 functions as it is.
3. Summary

This paper addressed the protocol architecture for NR. Followings are observed and proposed:

Observation1: All the current PDCP main functions are applicable for NR.
Observation2: All the current RLC main functions are applicable for NR.
Observation3: All the current MAC main functions are applicable for NR.
Proposal1: RAN2 to consider the current L2 functions as the main radio interface protocol functions for NR.
Proposal2: NR adopts the order, placement and grouping of LTE L2 functions as it is.
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