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1. Introduction

An important requirement for LTE-Advanced is that the system should be capable of supporting significantly increased data rates. The targets [1] for uplink peak data rate increases to 500 Mbps from 75 Mbps in R8/R9 while downlink peak data rates increases to 1 Gbps from 300 Mbps in R8/R9. In this discussion paper, we bring to light the adverse impact this has on user plane (Layer 2) processing complexity.
2. Impact of high data rate on user plane

In the current PDCP/RLC design, each PDCP data PDU (RLC SDU) contains 1 PDCP SDU. Since, the PDCP SDU size in not expected to change too much for R10, significant increase in R10 rates translates to a proportionally large increase in the number of RLC SDUs to be processed per unit time by RLC. High data rate traffic usually contains a mix of large TCP segments (1500 bytes) and small TCP ACKs (~40 bytes) for the peer link. With a 1:1 mix, this translates to UL RLC processing increasing from 12 to 81 RLC SDUs/TTI and DL RLC processing increasing from 48 to 161 RLC SDUs/TTI.
Transmit RLC processing is significantly increased since it needs to operate under a strict time budget and concatenation and header generation complexity grows proportionally with the PDCP/RLC SDU rate. Moreover, RLC has to be dimensioned to support the peak PDCP/RLC SDU rate. This significantly increases L2 processing complexity for the UE leading to increased cost and power consumption and, inefficient air-interface operation due to L2 processing limitations.

A UE is almost never scheduled at its peak rate for 100% of the time (Peak/Average UL rate is high). Hence, it is wasteful to increase UE’s transmit RLC processing complexity proportionally with peak data rate since doing so will result in RLC processing resources being significantly under utilized most of the time. Furthermore, as data typically comes in bursts, there are often periods of sending Scheduling Request (SR) / Buffer Status Report (BSR) and waiting to be scheduled which can be utilized.
RLC processing complexity can be reduced by reducing the number of packets to be processed just-in-time by RLC. This can be achieved in various ways, for example,
· Concatenating multiple PDCP SDUs into a PDCP PDU off-line at the PDCP layer

· Off-line concatenation of RLC SDUs

These schemes enable RLC processing to be dimensioned closer to the average rather than the peak data rate. Simulation results in Appendix 1 illustrate the advantages of such processing reduction enhancements.
3. Proposal
Simplification of L2 processing allows power/cost savings for the UE and enables it to be served at the highest L1 rate ensuring efficient air-interface operation and user experience. Therefore, the supporting companies would like RAN to discuss and approve the WI proposal in RP-10xxxx.
Proposal: Approval of WID for reducing L2 processing complexity and requirements. 

4. References
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Appendix 1: Simulation results

The simulation is an uplink simulation with PDCP concatenation (bundling) at the UE. The following are the assumptions:

· The UE has one logical channel.

· For simplicity, the UL grant size is always assumed to be L2 processor limited (not airlink limited).

· The UE can either be scheduled or not in a TTI

· When scheduled, it concatenates up to 12 RLC SDUs into a MAC PDU.

· When not scheduled, it concatenates up to 12 PDCP SDUs into a PDCP PDU (when such concatenation is enabled).

· The TTIs in which the UE is scheduled are chosen randomly with a probability of 1/3. Hence, the UE is scheduled 1/3 of the times and does PDCP SDU concatenation in the remaining 2/3 of the time, subject to data being present in its buffer.

· Delay due to Scheduling Request, Buffer Status Report and scheduling is fixed at 8 ms.

· PDCP SDUs arrive according to a Poisson random process and have a fixed size of 1500 bytes.

· A PDCP PDU can contain a maximum of 8 PDCP SDUs and have a maximum size of 8 Kbytes. This reflects possible implementation restrictions on PDCP SDU concatenation.

The plot in Figure 1 shows how the output rate of the UE varies with its input rate. It is seen that without PDCP SDU concatenation, the UE can only support a (stable) rate of up to 50 Mbps whereas, with concatenation, the supportable rate goes up to 120 Mbps. Hence, the gains are significant.
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Figure 1: Output rate Vs Input rate

Since PDCP SDU concatenation increases the data rate when scheduled (burst rate), the mean as well as the tail of the end-to-end packet delay is reduced. This is illustrated in Figure 2. The reason that the delay curve goes down and then goes up is that at very low input data rates, the UE’s buffer often turns empty thereby resulting in additional delay due to Scheduling Request and Buffer Status Report having to be sent to the eNB by the UE.
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Figure 2: Delay
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