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1 Introduction

RAN2 made following agreements as per user plane aspect for NR:
Agreements

1)      RAN2 will identify the main radio interface protocol functions

2)      RAN2 will decide the order/placement/grouping of functions in protocol layers

Based on the above agreements, RAN2 has been discussing these issues via online, offline and email discussions. A natural following discussion would be placement of user plane functions of NR which is related to location of user plane function in protocol stack or CU-DU split. In this contribution, we propose a high-level design principle of placement in protocol stack, function grouping, and placement in CU-DU split.
2 Discussion
2.1 Principles of Function Placement
Referring to current LTE structure, user plane functions are:

· PDCP: security, header compression, reordering and retransmission at re-establishment

· RLC: ARQ, segmentation, concatenation, resegmentation and reassembly, reordering
· MAC: HARQ,  multiplexing, demultiplexing, priority handling and scheduling

Some of user plane functions of NR can be added, removed and simplified during the NR study phase, but we try to derive basic principles of placement of user plane functions assuming the above LTE functions are necessary in NR.
1) HARQ 
HARQ RTT THARQ is obtained as follows:

· THARQ = tTTI + tP,TX + tTTI + tP,RX 
where tTTI , tP,TX, and tP,RX are TTI, processing time at TX and processing time at RX, respectively.

In LTE, HARQ is located at the lowest of layer 2 user plane. If another function moves lower than HARQ, HARQ RTT may increase in order to have sufficient processing times tP,TX, and tP,RX. The increasing HARQ RTT may have the following impacts:
· HARQ RTT is equal to HARQ retransmission delay for both DL and UL. Also, this is UL one-way HARQ latency from UL grant to complete processing at receiver. This is quite related to user plane latency. Long HARQ RTT may not satisfy target latency requirement.

·  Long HARQ RTT compared to TTI requires more HARQ processes for parallel processing in high data rate. 
· Long HARQ RTT may increase value of t-reordering timer (RLC timer defined in LTE) for detection of protocol error. Under the same number of ARQ retransmissions, the large value of t-reordering timer will increase the SN size for ARQ to allow the RLC retransmissions not to stall during the retransmission. Large sizes of retransmission buffer at TX and reordering buffer at RX, in turn, will be required.
Hence, HARQ should be located at the lowest in layer 2 user plane in order to minimize the HARQ RTT.
Observation 1: HARQ should be located in the lowest sublayer of L2 user plane protocol stack. 
2) Scheduling
HARQ process accompanies a scheduler for PRB allocation as well as TBS and MCS for each HARQ process. Also, PRB allocation is required for adaptive HARQ retransmission when link quality has been changed. Therefore, the scheduler should be located in adjacent place of HARQ function for both transmission and retransmission to meet the real-time constraint of HARQ.
Observation 2: HARQ and scheduler functions should be co-located.
3) (Re-)segmentation, Concatenation, Multiplexing and Priority Handling
Segmentation, concatenation and multiplexing are required in NR system for DL/UL data SDUs to fit within the total size of assigned TB size determined by scheduler. In UL case, these functions as well as logical channel prioritization should be performed within the TX processing time from receiving UL grant to the transmission. Thus, these functions will be located adjacent with scheduler in typical scenario.

Observation 3: (Re-)segmentation, concatenation, multiplexing and priority handling functions should be co-located with scheduler.
4) Security (Ciphering and Integrity)
Since ciphering and integrity protection do not have a feedback and interaction with other user plane function, real-time constraint does not exist. Thus, location of these functions can be determined independently with other functions. But, if they are performed after scheduling on TX side, ciphering or integrity protection would have an impact on scheduling delay on HARQ and PHY processing. If the security processing time is comparable to the HARQ and PHY processing time, ciphering and integrity protection should be performed before scheduling on TX side.

Observation 4: Ciphering and integrity protection should be located in the highest sublayer of L2 user plane protocol stack. 
5) ARQ (Retransmission)
One of important roles of ARQ is the long-term error recovery whereas HARQ is for short-term error recovery. In LTE, detection of missing PDU is based on t-reordering timer depending on HARQ RTT, and number of HARQ retransmissions. It seems that there is no reason for switching this relative location between HARQ and ARQ in NR. Since the length of ARQ RTT is several times larger than HARQ RTT, ARQ does not have a rigorous real-time constraint. However, too large ARQ RTT may increase size of sequence number and overall L2 latency.
Observation 5: ARQ should be located above the sublayer of L2 user plane protocol stack in which HARQ is located. 
6) Header Compression

Header compression is a function to compress the header of IP packets into a few bytes. It should be performed before any modification of the packet (e.g. ciphering and attaching layer 2 headers). The best way for TX is to perform header compression as soon as each IP packet arrives at layer 2.
Observation 6: Header compression should be located in the highest sublayer of L2 user plane protocol stack. 
7) Reordering
In RAN2#95bis, out-of-order delivery from RLC to PDCP was agreed. Regardless of existence of dual connections, arrival of PDU at receiver side can be out-of-sequence. If we need a reordering function, the best place can be the receiver anchor point, i.e, highest sublayer of L2. In order to enable out-of-sequence deciphering, reordering should be located after deciphering function.
Observation 6: Reordering function should be located after deciphering function in the highest sublayer of L2 user plane protocol stack. 
2.2 Grouping of User Plane Functions
Based on the characteristics of each function discussed above, we can classify user plane functions into three groups:

· Group A: Header compression, security, reordering
· Functions in this group have neither any time constraint nor impact of placement on overall L2 latency. Basically, these functions can be located anywhere in L2 protocol stack. However, in order to avoid any performance degradation to other functions having time-constraint, higher part of protocol stack will be the best location for them.
· Group B: ARQ
· ARQ is the only function which does not have real-time constraint related to scheduling but gives an impact on overall L2 latency. Thus, ARQ may not be grouped with other functions in the classification.
· Group C: HARQ, multiplexing, priority handling, concatenation, segmentation
· Functions in this group have real-time constraint related to scheduling (i.e. PRB allocation). Since processing delay due to interaction between these functions is included in HARQ RTT, minimizing the processing delay is one of the important issues in user plane design. Thus, these functions should be grouped. 
Note that the grouping does not mean strict separation between groups by individual sublayer. Depending on implementation and actual operation, merging groups and splitting one group into sublayers are also possible. 
Proposal 1. User plane functions should be classified into the following three groups:

· Group A (No time constraint): Header compression, security, reordering
· Group B (Impact on overall L2 latency): ARQ

· Group C (Real-time constraint): HARQ, multiplexing, priority handling, concatenation, (re-)segmentation
2.3 Placement in CU-DU Split
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Figure 1 Deployment of CU and DU

In CU/DU split architecture shown in Figure 1, an important consideration is how long fronthaul delay between CU and DU compared to non-split architecture is. Therefore, placement of user plane functions in CU-DU split should be taken into account the fronthaul delay. The fronthaul delay may have a wide range from almost ideal to more than tens of milliseconds depending on network deployment scenario.
Observation 8: The fronthaul delay may have a wide range from almost ideal to more than tens of milliseconds depending on network deployment scenario.
Functions in Group A do not have impact on latency. Also, configuration related to these functions may not depend on DU. Therefore, we can say that functions in Group A need to be implemented in CU. In RLC ARQ, t_rerordering timer which is typically set to 30-80TTI depending on implementation includes a few HARQ retransmissions and additional margin. If ARQ is located in CU, t_reordering timer may be increased due to the fronthaul delay. This increment seems to be critical only if the fronthaul delay is comparable. Otherwise, this has negligible impact on RLC performance (i.e., error correction and retransmission). Functions in Group C have a tight real-time constraint around a few milliseconds (4ms including MAC/PHY processing in LTE). If these functions are located in CU, HARQ RTT should be increased due to the fronthaul delay. Thus, these functions can be located in CU only if the fronthaul guarantees very short delay. Otherwise, these functions should be located in DU.
Based on the discussion above, we can consider the following options according to fronthaul delay. 

	
	Split 1
	Split 2
	Split 3
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	Remark
	Only for very fast fronthaul
	Efficient for the case that impact of fronthaul delay on ARQ RTT is small
	Required for slow fronthaul


Proposal 2. Placement of user plane function should support flexible CU-DU split according to fronthaul delay.
3 Summary
Based on the above, RAN2 is requested to discuss and capture the following proposals as a baseline of NR user plane:
Proposal 1. User plane functions should be classified into the following three groups:

· Group A (No time constraint): Header compression, security, reordering
· Group B (Impact on overall L2 latency): ARQ

· Group C (Real-time constraint): HARQ, multiplexing, priority handling, concatenation, (re-)segmentation
Proposal 2. Placement of user plane function should support flexible CU-DU split according to fronthaul delay.
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