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1 Introduction
RAN2#97 has agreed that NR RLC supports three transmission modes, i.e., AM, UM and TM and that split bearer supports RLC UM mode besides RLC AM mode. In this paper, we discuss the PDCP procedures for DRBs with RLC AM or UM modes and present the necessity of introducing PDCP transmission modes in NR based on the agreements of RLC transmission mode. 
2 Discussion
2.1 RLC mode in LTE
As mention in [1], an RLC entity can be configured to perform data transfer in three modes: Transparent Mode (TM), Unacknowledged Mode (UM) or Acknowledged Mode (AM). RLC TM is suitable to transmit RRC messages such as broadcast System Information (SIB and MIB), Paging and RRC messages sent via SRB0. Segmentation and concatenation are not performed in RLC TM. Besides, RLC TM PDU does not have any RLC header. These RLC SDUs are usually delivered to RRC directly. RLC UM is suitable for carrying delay-sensitive services. But RLC UM does not guarantee the delivery. At the transmission side of UM RLC entity, concatenation and segmentation shall be applied if needed. At the receiving side, UM RLC entity shall reorder the UMD PDUs if they are received out of sequence and detect the loss of UMD PDUs at lower layers and avoid excessive reordering delays. RLC AM can achieve reliable transmission base on ARQ and status report. RLC AM is suitable for carrying data traffic with high reliability and low latency requirement, such as TCP. At the transmission side of AM RLC entity, segmentation, re-segmentation and concatenation shall be applied if needed. Re-segmentation shall be applied if the RLC data PDU to be retransmitted does not fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity. At the receiving side of AM RLC entity, AM RLC entity shall reorder the RLC data PDUs if they are received out of sequence, detect the loss of RLC data PDUs at lower layers and request retransmissions to its peer AM RLC entity. The difference aspects in the three modes lie in re-segmentation, reordering and ARQ. ARQ mechanism requires RLC can recognize the lost RLC PDU when ordering performed at the receiving side and retransmit the lost RLC PDU. It means that reordering in AM should guarantee the in-sequence delivery and data lossless. As the result, the main differences among RLC AM/UM modes are focused on the reordering. 
In order to perform reordering, a transmitting window may be maintained on transmitting side and a receive window or reordering window is maintained on receive side of each RLC entity. Besides, several state variables are introduced to achieve in-sequence delivery. On transmitting side, for AM mode, acknowledgement state variable serves as the lower edge of the transmitting window and maximum send state variable serves as the higher edge of the transmitting window. The transmitting window can update according the status report. On receive side, Maximum STATUS transmit state variable is maintained for status report. However, it is much easier for UM mode because acknowledgement of delivery is not obligatory in UM case. When reordering timer is expired, in order to avoid excessive reordering delays, UM RLC entity shall deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN no matter the lost UM PDU received or not. The main differences in reordering are listed in Table 1 as follows:
Table 1: differences of reordering between DRB with RLC AM and UM mode
	
	DRB with RLC AM mode
	DRB with RLC UM mode

	transmitting side
	Acknowledgement state variable

Maximum send state variable
Send state variable
Poll send state variable
	UM Send state variable


	receive side
	Receive state variable
Maximum acceptable receive state variable
t-Reordering state variable
Maximum STATUS transmit state variable
Highest received state variable
	UM receive state variable
UM t-Reordering state variable
UM highest received state variable


Observation 1: In LTE, the main differences between RLC AM and UM modes are focused on the reordering.

2.2 PDCP operation
In RAN2#95bis meeting, it was agreed that PDCP reordering is always enabled if in-sequence delivery to layer above PDCP is needed (i.e. even in non-DC case). In order to achieve the acknowledgment and in-sequence delivery in some service (i.e. TCP), variable state variables, transmission window and receive window should be introduced in NR PDCP when reordering is performed in PDCP. PDCP operation is related to the RLC mode DRB mapped. For RLC AM, PDCP have to guarantee the in-sequence delivery and data lossless in re-establishment and DC. As a result for DRB with AM mode, PDCP should have the ability for retransmission and data recovery. PDCP status and reordering window should be maintained in this case. For RLC UM, it is not necessary for PDCP to guarantee the in-sequence delivery in re-establishment. So the PDCP procedures for different RLC mode are obviously different.

Observation 2:  PDCP performs different operations of reordering, PDCP status and re-establishment procedure for different RLC modes.

The service requirements are also various and should be treated differently in PDCP. For instance, in-sequence and lossless delivery is required for TCP; low latency is required for VoIP; high reliability and low latency is required for URLLC; large amounts of small packages processing is required for mMTC. PDCP should have the ability to support differentiated operation for each service. A set of PDCP configurations and functions are corresponded to each service. PDCP status and data recovery should be enabled for TCP. Duplication should be enabled for URLLC. Overhead reduction should be considered for URLLC. 

Observation 3: In order to satisfy various requirements of services, PDCP maintains a set of PDCP configurations and functions for each service.  
2.3 PDCP Mode 
In order to adapt the requirements and clarify the PDCP operation for different services, it is better to introduce transmission mode for PDCP operation. PDCP can accurately process the traffic from different services. As mention in [2], duplication function is introduced in PDCP to achieve high reliability. As a result, we can use duplication for URLLC service. For mMTC, overhead is the main concern. Small packets are more sensitive to overhead. So it is necessary for PDCP to optimize PDCP procedure for small packets. 
In summary, there should be four transmission modes in PDCP: PDCP mode1, PDCP mode2, PDCP mode3 and PDCP mode4. PDCP mode1 is configured to transfer delay-insensitive service with high reliability in eMBB. PDCP mode2 is configured to transfer delay-sensitive service with low reliability in eMBB. PDCP mode3 is configured to transfer delay-sensitive service with high reliability in URLLC. PDCP mode4 is configured to transfer small package in mMTC. The detailed functions and configurations for each mode are described in table 2.
	Mode
	Traffic
	Function and configuration

	PDCP Mode1
	eMBB with high reliability requirement
	In-sequence delivery

PDCP status
transmitting window and receive window maintain
Data recovery during re-establishment

	PDCP Mode2
	eMBB with high reliability requirement 
	In-sequence delivery



	PDCP Mode3
	URLLC
	In-sequence delivery 

PDCP status
Data duplication
transmitting window and receive window maintain
Data recovery

Process delay reduce

	PDCP Mode4
	mMTC
	In-sequence delivery (optional)

ROHC
Short PDCP SN


Table 2: PDCP mode for different traffic 
Proposal: Transmission mode should be introduced for PDCP operation.
3 Conclusions
In this paper, we have discussed the necessity of introducing PDCP mode in NR and offered some suggestions for NR. We propose:
Observation 1: In LTE, the main differences between RLC AM and UM modes are focused on the reordering.

Observation 2:  PDCP performs different operations of reordering, PDCP status and re-establishment procedure for different RLC modes.

Observation 3: In order to satisfy various requirements of services, PDCP maintains a set of PDCP configurations and functions for each service.  
Proposal: Transmission mode should be introduced for PDCP operation.
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