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1. Introduction

In this paper the user plane protocol design for NR is discussed. Firstly, the user plane protocol design for LTE is provided for reference, and then we present some observations on the NR user plane protocol design and also a summary on functionality of NR user plane. Finally, we elaborate our view on the principle of NR user plane protocol design.

2. Analysis on the requirement on the processing time of UP functions
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Figure 2.1 UP protocol architecture in LTE
Figure 2.1 illustrates the UP protocol architecture in LTE. From Figure 2.1, it’s observed that the UP protocol architecture in LTE is of RB-based layered structure. For one single UE, there can be one or more RBs, each associated with one PDCP entity, one RLC entity (e.g. uni-directional) and one logical channel (LCH), while all the RBs share a single MAC. Since the UP functions in PDCP/RLC/MAC have different processing time requirement, the function list for PDCP/RLC/MAC and a brief analysis on the processing time requirement is given in the table as following:

Table 1-Analysis on processing time requirement to each entity
	Entity
	Existing functions
	Processing time requirement

	PDCP
	Header compression and decompression
	Low requirement on processing time

The latency requirement for all the functions of PDCP can be considered as low.



	
	Security(ciphering and deciphering, integrity protection and integrity verification)
	

	
	Timer-based discard
	

	
	Reordering, Duplicate detection and  Retransmission for PDCP re- establishment
	

	
	Routing, reordering and retransmission for split bearer in DC
	

	

	RLC
	Retransmission
	Low requirement on processing time

Since the ARQ function will be used to ensure correct transmission for the service which is not time sensitive, the latency for the ARQ can be considered as median. 

	
	Reordering and Duplicate detection
	

	
	Concatenation, Segmentation and reassembly of RLC SDUs
	High requirement on processing time

In LTE, the concatenation /segmentation and re-segmentation will be processed based on the resource scheduled in MAC layer. So the concatenation /segmentation should be done within one scheduling cycle.

	
	re-segmentation of RLC PDU
	

	

	MAC
	LCH<->TCH mapping
	High requirement on processing time

Determine the scheduling and generating/choosing the MAC PDU for transmission/retransmission based on the resource indicated by physical layer and the logical channel priority handling mechanism. All the operation should be done in one scheduling cycle.

	
	Multiplexing and de-multiplexing of MAC SDUs and padding
	

	
	Logical Channel prioritization
	

	
	Transport format selection;
	

	
	Scheduling information reporting;
	

	
	HARQ
	


The functions asking for high requirement on the processing time mainly refer to the functions which are closely related with the scheduling. For example, the MAC layer should determine resource scheduling first, and, based on some logical channel priority algorithm (DL) decide the data amount for transmission for each logical channel. Once RLC gets the grant from MAC, RLC layer should generate the RLC transmission PDU or retransmission PDU/segment PDU and deliver these RLC PDU to MAC. Then, MAC can generate the MAC PDU for transmission for the specific UE. Since all the operation above should be done within one scheduling cycle, if non-ideal fronthaul is deployed, all the functions with high requirement on the processing time should reside in one NW entity (e.g. distributed unit).

Observation 1: If non-ideal fronthaul is deployed, all the functions with high requirement on the processing time should reside in one NW entity (e.g. distributed unit).
For the RLC, the ARQ function will be used to ensure correct transmission and will only be used for the service which is not time sensitive. For the TCP services, the retransmission delay in RAN may cause the expiration of RTO (retransmission time out) and trigger the reset of CWND (congestion window). However, considering the minimum value for the RTO is 1s, we think the transmission latency in fronthaul is still bearable even with non-ideal fronthaul..

Observation 2: The processing time for the ARQ function is relatively low and the transmission latency caused in fronthaul is still acceptable even with non-ideal fronthaul. 
Based on the analysis on the requirement of the processing time, for the deployment of non-ideal fronthaul, we give our proposal as:
Proposal 1: For the case of non-ideal fronthaul, at least, all the functions have high requirement on the processing time (e.g. all the functions below the Concatenation/Segmentation) should reside in one unit (e.g. DU).

3. Analysis on the function necessity for verticals

One of the requirements for the RAN design for the Next Generation Radio Access Technologies is listed as follows [1]:

------------------------------------------------------------------------------------------------------------------------------

(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including

· Enhanced mobile broadband

· Massive machine-type-communications

· Ultra reliable and low latency communications 

------------------------------------------------------------------------------------------------------------------------------
According to the target given above, the user plane architecture of NR should strive for enough flexibility to support the requirements for the different usage scenarios. 

· For eMBB usage scenario, in order to support the ultra high data rate, the processing efficiency will be required.
· For URLLC usage scenario, low latency and high reliability are required.

· For mMTC usage scenario, very dense deployments, wide range of device capabilities, and very long UE battery life (e.g. 15 years in [1]) are required. 

Some analysis is given in the following table to identify the necessity of UP functions for the different verticals.

Table 2-Analysis on function necessity to vertical services
	Entity
	Function
	eMBB
	URLLC
	mMTC

	PDCP
	Header compression and decompression
	Mandatory for UE and configurable by NW 
	Optional for UE

UE is allowed to support Non-IP data only.
	Optional for UE

UE is allowed to support Non-IP data only.

	
	Security(ciphering and deciphering, integrity protection and integrity verification)
	Mandatory for UE and configurable by NW
	Mandatory for UE and configurable by NW.
	Mandatory for UE and configurable by NW.

	
	Timer-based discard
	Mandatory for UE configurable by NW
	Not need.
	Optional for UE.


	
	Reordering, Duplicate detection and  Retransmission for PDCP re- establishment
	Mandatory for UE configurable by NW
	Optional for UE

The mobility is optional for URLLC UE.
	Optional for UE

The mobility is optional for mMTC UE.

	
	Routing, reordering and retransmission for split bearer in DC
	Optional for UE and configurable by NW

Depending on the protocol stack for multiple-connectivity and the function split over fronthaul.
	Not need

Dual connectivity will not be considered in URLLC.
	Not need

Dual connectivity will not be considered in URLLC.

	RLC
	Retransmission (ARQ)
	Mandatory for UE configurable by NW.
	Mandatory for UE configurable by NW

Required for SRB, but maybe not needed for DRB.
	Mandatory for UE configurable by NW 

Required for SRB, but maybe not needed for DRB.

	
	Reordering and Duplicate detection
	Mandatory for UE configurable by NW.
	Mandatory for UE configurable by NW.
Required for SRB, but maybe not needed for DRB.
	Mandatory for UE configurable by NW.
Required for SRB, but maybe not needed for DRB.

	
	Concatenation, Segmentation and reassembly of RLC SDUs
	Mandatory for UE configurable by NW.
	Optional for UE and configurable by NW

Optional to DRB (SPS can be used). 

FFS for SRB.
	Optional for UE and configurable by NW

Optional for DRB.
FFS for SRB.

	
	re-segmentation of RLC PDU
	Mandatory for UE configurable by NW.
	Optional for UE and configurable by NW

Optional to DRB (SPS can be used).
FFS for SRB.
	Optional for UE and configurable by NW

ARQ is optional for the DRB of mMTC

FFS for SRB

	MAC
	LCH<->TCH mapping
	Mandatory for UE.
	Mandatory for UE. 
	Mandatory for UE. 

	
	Multiplexing and demultiplexing of MAC SDUs and padding
	Mandatory for UE configurable by NW.
	Multiplexing/ demultiplexing is optional for UE and configurable by NW.
Optional to DRB (SPS can be configured for a dedicated DRB)

FFS for SRB.
	Multiplexing/ demultiplexing is optional for UE and configurable by NW

mMTC may only support one SRB and the UP data can be transmitted through control plane）.

	
	Logical Channel prioritization
	Mandatory for UE
	Optional for UE and configurable by NW.
The same reason as above.
	Optional for UE and configurable by NW.
The same reason as above.

	
	Transport format selection
	Mandatory for UE
	Mandatory for UE.
	Mandatory for UE.

	
	Scheduling information reporting;
	Mandatory for UE
	Mandatory for UE configurable by NW.
Required for SRB

Optional for DRB(e.g. SPS and contention based transmission).
	Mandatory for UE configurable by NW.
Required for SRB.
Optional for DRB(e.g. SPS and contention based transmission).

	
	HARQ
	Mandatory for UE
	Mandatory for UE.
Enhanced HARQ will be required to guarantee the reliability.
	Optional for UE and configurable by NW.


· Note:
 “Mandatory for UE” means this function will be mandatory supported by UE. 

· Note:
 “Optional for UE” means this function will be optionally supported by UE. 

· Note:
 “Configurable by NW” means it is up to NW to decide whether to enable this function for one RB or service.

Based on the analysis above, it can be seen that different scenarios/services may require different UP functions, and we give our proposal as:

Proposal 2: Considering the different scenarios and services, flexibility should be allowed in both the UE capabilities (e.g. UE is allowed to only the support the UP functions needed) and the configuration of UP functions (e.g. NW can configure the UP function according to the services and UE capabilities).

4. Analysis on the new UP function requirement in NR

In the NR, besides the user plane functions supported in LTE, the following new user plane functions might also be considered.
Beam management to enable the beam forming

In the beam forming system, the beam management should be considered as part function of the MAC. The beam switch/mobility can be considered as part of the beam management.
UP functions related to new QoS architecture

According to the analysis given in [4], in case the new QoS architecture is adopted, the following functions should be introduced in the UP of NR.

· DL data mapping: NR RAN UP should map downlink flow packet received from new Core UP to the related NR-bearer. 

· UL data routing: NR RAN UP should route the uplink flow packet received from PDCP to the associated PDN connection.
Data redundancy to increase the reliability

In order to achieve the high reliability, the data redundancy can be considered in the UP of NR. And based on different solutions, the data redundancy function can be implemented in different UP entities. For example, the PDCP can send the same data packet on both MCG and SCG/WLAN to increase the reliability, or else the MAC entity can send the same data packet in multiple TRP/beams to increase the reliability. Moreover, when the UP entities generate the redundant packet, some coding algorithms (e.g. Fountain code) can also be considered to increase the reliability.
Autonomous retransmission in RLC to accelerate the retransmission

In order to accelerate the data retransmission, the autonomous retransmission in RLC should be considered to allow the RLC entity of transmission side to trigger the data retransmission based on the HARQ result directly instead of waiting for the feedback from the RLC entity of the reception side.

Pre-Concatenation to save the processing time

For both the eMBB and URLLC, in order to save the processing time in the time sensitive UP entity, some kind of pre-concatenation can be used to generate data PDU with a predicted or pre-configured size before the scheduling grant has been received. Based on different solution, the pre-concatenation can be achieved in PDCP/RLC. 
Based on the analysis above, we propose as following:

Proposal 3: The following new requirement should be considered in the design of UP architecture for NR.

· Beam management to enable the beam forming

· UP functions to enable the new QoS architecture

· Data redundancy to increase the reliability

· Autonomous retransmission in RLC to accelerate the retransmission

· Pre-Concatenation to save the processing time
5. Conclusion & Proposal
RAN2 is kindly asked to discuss the issue given above and adopt the proposals list as follows:

Observation 1: If non-ideal fronthaul is deployed, all the functions with high requirement on the processing time should reside in one NW entity (e.g. distributed unit).
Observation 2: The processing time for the ARQ function is relatively low and the transmission latency caused in fronthaul is still acceptable,even with non-ideal fronthaul. 
Proposal 1: For the case of non-ideal fronthaul, at least, all the functions have high requirement on the processing time (e.g. all the functions below the Concatenation/Segmentation) should reside in one unit (e.g. DU).

Proposal 2: Considering the different scenarios and services, flexibility should be allowed in both the UE capabilities (e.g. UE is allowed to only the support the UP functions needed) and the configuration of UP functions (e.g. NW can configure the UP function according to the services and UE capabilities).

Proposal 3: The following new requirement should be considered in the design of UP architecture for NR.

· Beam management to enable the beam forming

· UP functions to enable the new QoS architecture

· Data redundancy to increase the reliability

· Autonomous retransmission in RLC to accelerate the retransmission

· Pre-Concatenation to save the processing time
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