3GPP TSG-RAN WG2 Meeting #96
R2-168049
Reno, Nevada, USA, 14 - 18 November 2016
Agenda item:
9.2.1.1
Source:
Samsung, Alcatel-Lucent Shanghai Bell, LG Electronics Inc, Nokia, Panasonic 
Title:
Technical analysis on the benefit of removing concatenation
Document for:
Discussion & Decision
1 Introduction

RAN2 made following agreements as per user plane aspect for NR:
Agreement in RAN2#94:

· Study whether concatenation function can be moved to lowest L2 sublayer.
Agreement in RAN2#95bis:
· RAN2 should consider both the processing of both the transmitter and the receiver when evaluating whether to divert from the LTE-baseline.
In RAN2#95bis, there has been a discussion of moving RLC concatenation to MAC layer in order to combine the physical operations of RLC concatenation and MAC multiplexing. In this contribution, motivation and technical benefit of removing concatenation for both transmitter and receiver side will be provided.
2 Motivation
In LTE, user plane protocol has been designed for relatively lower data rate, i.e., 100Mbps in the beginning. On the other hand, NR is required to support very high data rate up to peak 20Gbps which is 200 times more than LTE peak rate. This means that computation of both network and UE will be increased roughly 200 times for both uplink and downlink. Achieving NR peak rate is very challenging, especially in UE side which has constraint on processing and power consumption.
Moreover, real-time processing from UL grant to data transmission can be a potential bottleneck in UE. As a consequence of high data rate, the amount of data processed during one TTI is increased. For instance, if we assume that the downlink data rate is 20Gbps, the TTI length is 1ms, the size of all the PDCP SDUs is 1500-Byte, and the size of header is ignored, then the data bits transmitted in one TTI would be 20Gbits/1000 = 20Mbits and the number of PDCP SDUs transmitted in one TTI should be 20Mbits/(1500x8) = 1666.6. This means that we need to concatenate at least 1666 RLC SDUs into one RLC PDU within each TTI, which seems very tough. Also, shorter TTI value can be considered to reduce latency. Then, this reduced timeline makes more difficult on real-time processing. 
From the aspects above, user plane protocol in NR should be simplified and designed processing-friendly for both downlink and uplink.
Observation 1. Due to high data rate requirement of NR, user plane protocol in NR should be simplified and designed processing-friendly for both downlink and uplink.
3 Benefits of Removing Concatenation
3.1 UE TX Improvement
Removing concatenation has the following benefits in UE TX side. 
Pre-processing of PDUs and Headers
One implementation to distribute processing load is that some PDUs and headers are pre-processed before UL grant. In current LTE protocol, RLC PDUs and MAC subheaders cannot be pre-computed due to concatenation and segmentation. The easiest way to reduce the real-time processing load is to remove concatenation function from RLC layer and SO-based segmentation [1-2]. 

Additionally, by placing MAC subheaders adjacent to MAC SDU, the pre-computation of MAC can be possible [3]. This means that a complete MAC PDU can be ready before UL grant. One more potential benefit is that the MAC entity can start forwarding MAC SDUs to PHY as soon as the first MAC SDU is ready before the MAC PDU has been fully constructed. This can relax the HW memory requirements during processing since the MAC does not need to form the entire PDU before forwarding to the PHY.
Observation 2. Removing RLC concatenation enables the pre-processing procedure of both RLC and MAC layer.
UE TX Hardware Acceleration

Hardware accelerator is a separate hardware unit from main processor. In order to process massive data and prevent processing bottleneck in UE side, assistance of hardware accelerator needs to be considered in some parts of user plane functions [4-5]. By offloading in hardware accelerator, fast processing with less memory access is possible. Moreover, the offloading reduces not only the work load of main processor but also the overall power consumption of UE side. For this reason, requirement on main processor of UE can be relaxed, so the flexibility on UE implementation can be increased. This performance of hardware acceleration is maximized for repetitive and intensive work.
By removing concatenation, LI field is not necessary, RLC PDU structure becomes simpler. Most RLC PDUs consists of one fixed-size RLC header and one RLC SDU. Only the last RLC SDU has additionally SO field. Also, LI field in RLC and L field in MAC are unified by L field. Thus, header structure becomes simpler. Furthermore, concatenation and multiplexing, which are considered as similar functions, are merged by multiplexing. This simplification also reduces the effort of UE implementation design, which is considered as another hidden cost. This structure is favourable for TX processing by hardware accelerator.
Observation 3. Removing RLC concatenation is favourable for hardware acceleration in UE TX side.
3.2 UE RX Improvement
Removing concatenation has the following benefits in UE RX side. 

UE RX Hardware Acceleration

As same as TX side, assistance of hardware accelerator for fast processing needs to be considered in UE RX side. Similarly, removing concatenation brings UE RX side more suitable structure for hardware accelerator, i.e., simple, repetitive and intensive work. A problem of LTE concatenation for the hardware acceleration is that receiver does not know how many SDUs are concatenated. Thus, sufficiently large memory size should be reserved for decoding RLC header. It is not only inefficient but also decreasing RX processing speed. Dispersed fixed-size RLC header by removing concatenation can be thought as an efficient structure. This efficiency can be achieved for MAC subheaders adjacent to MAC SDU as well.
Observation 4. Removing RLC concatenation is favourable for hardware acceleration in UE RX side.

Fast Reassembly
In Alternative 8 proposed in [8], RLC reassembly can be started only if a whole MAC PDU arrives at MAC entity. Due to the headers at the end of MAC PDU, the reassembly should be suspended, so processing latency of receiver side is increased. Since MAC entity should buffer MAC PDU until the complete reception, additional memory for buffering is necessary. Therefore, Alternative 8 is a solution which increases the receiver latency and implementation complexity in RX side. On the other hand, removing concatenation is a simple solution having no negative impact on RX processing. 
Observation 5. Compared to Alternative 8, removing RLC concatenation does not increase the latency and buffer requirement for reassembly.
3.3 Flexibility on CU-DU Split
RLC sequence numbering and ARQ seem to be a non-real-time processing whereas concatenation in LTE user plane architecture is a real-time processing related to scheduling. By removing concatenation, the placement of sequence numbering and ARQ can be independent of scheduling because physical resource allocation based on link quality is not necessary for sequence numbering [2]. For instance, split option that RLC sequence numbering and ARQ in CU and scheduling function in DU is possible. (i.e., split option 3-1 in RAN3 study [6]) Also, removing concatenation can be applied, without any restriction, to the other options that they are located at the same place. As a consequence, removing concatenation increases flexibility in network implementation for CU-DU split.
Observation 6. Removing concatenation increases flexibility on CU-DU split options.
3.4 Summary
The following table summarizes benefits of removing concatenation, compared to LTE protocol and Alternative 8 proposed in [8].
	
	LTE protocol 

(with concatenation)
	Headers at the end of PDU (Alternative 8 in [8])
	Removing concatenation

LTE MAC PDU format
	Removing concatenation

MAC subheader adjacent to MAC SDU

	Pre-processing of RLC PDUs
	No (
	No (
	Yes(
	Yes(

	Pre-processing of MAC PDUs

(Subheader and SDU)
	No (
	No (
	No (
	Yes(

	TX Processing Speed
	Slow (
	Slow (
	Fast (
	Fast (

	Battery Consumption
	High (
	High (
	Low (
	Low (

	Workload of Main Processor
	High (
	High  (
	Low (
	Low (

	Parallel TX PHY Processing
	No (
	Yes (
	No (
	Yes (

	Fast Reassembly
	Yes (
	No (
	Yes (
	Yes (

	RX Processing Speed
	Slow (
	Slow (
	Fast (
	Fast (

	Flexibility on CU-DU Split
	No (
	No (
	Yes (
	Yes (

	Header Overhead [7]
	Small (
	Small (
	High (
	High  (


By considering the discussion above, it is reasonable to say that remove concatenation from RLC brings a number of benefits to NR.
Proposal 1. Concatenation should be removed in NR.
Proposal 2. MAC subheader should be adjacent to MAC SDU.
4 Conclusion

Based on the discussion above, RAN2 is requested to discuss and capture the following proposals:
Proposal 1. Concatenation should be removed in NR.

Proposal 2. MAC subheader should be adjacent to MAC SDU.

5 References
[1] R2-166475, Samsung, Concatenation for NR
[2] R2-166160, Nokia, MAC concatenation
[3] R2-166884, Intel, NR user plane architecture to ease Tx processing
[4] R2-165577, Qualcomm, U-plane improvements for HW friendly implementations – UE TX side
[5] R2-165578, Qualcomm, U-plane improvements for HW friendly implementations – UE RX side
[6] 3GPP TR 38.801, Study on New Radio Access Technology; Radio Access Architecture and Interfaces

[7] R2-16XXXX, Samsung, Header overhead analysis for removing concatenation
[8] R2-167190, Ericsson, Huawei, ZTE, Way forward for concatenation discussion
