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Abstract
The advent of RoCE (RDMA over Converged Ethernet) has
led to a significant increase in the use of RDMA in datacenter
networks. To achieve good performance, RoCE requires a
lossless network which is in turn achieved by enabling Priority Flow Control (PFC) within the network. However, PFC
brings with it a host of problems such as head-of-the-line
blocking, congestion spreading, and occasional deadlocks.
Rather than seek to fix these issues, we instead ask: is PFC
fundamentally required to support RDMA over Ethernet?
We show that the need for PFC is an artifact of current
RoCE NIC designs rather than a fundamental requirement.
We propose an improved RoCE NIC (IRN) design that makes
a few simple changes to the RoCE NIC for better handling of
packet losses. We show that IRN (without PFC) outperforms
RoCE (with PFC) by 6-83% for typical network scenarios.
Thus not only does IRN eliminate the need for PFC, it improves performance in the process! We further show that
the changes that IRN introduces can be implemented with
modest overheads of about 3-10% to NIC resources. Based
on our results, we argue that research and industry should
rethink the current trajectory of network support for RDMA.
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Introduction

Datacenter networks offer higher bandwidth and lower latency than traditional wide-area networks. However, traditional endhost networking stacks, with their high latencies
and substantial CPU overhead, have limited the extent to
which applications can make use of these characteristics.
As a result, several large datacenters have recently adopted
RDMA, which bypasses the traditional networking stacks in
favor of direct memory accesses.
RDMA over Converged Ethernet (RoCE) has emerged as
the canonical method for deploying RDMA in Ethernet-based
datacenters [23, 38]. The centerpiece of RoCE is a NIC that
(i) provides mechanisms for accessing host memory without CPU involvement and (ii) supports very basic network
transport functionality. Early experience revealed that RoCE
NICs only achieve good end-to-end performance when run
over a lossless network, so operators turned to Ethernet’s
Priority Flow Control (PFC) mechanism to achieve minimal
packet loss. The combination of RoCE and PFC has enabled
a wave of datacenter RDMA deployments.
However, the current solution is not without problems. In
particular, PFC adds management complexity and can lead to
significant performance problems such as head-of-the-line
blocking, congestion spreading, and occasional deadlocks
[23, 24, 35, 37, 38]. Rather than continue down the current
path and address the various problems with PFC, in this
paper we take a step back and ask whether it was needed
in the first place. To be clear, current RoCE NICs require a
lossless fabric for good performance. However, the question
we raise is: can the RoCE NIC design be altered so that we no
longer need a lossless network fabric?
We answer this question in the affirmative, proposing a
new design called IRN (for Improved RoCE NIC) that makes
two incremental changes to current RoCE NICs (i) more efficient loss recovery, and (ii) basic end-to-end flow control
to bound the number of in-flight packets (§3). We show, via
extensive simulations on a RoCE simulator obtained from
a commercial NIC vendor, that IRN performs better than
current RoCE NICs, and that IRN does not require PFC to
achieve high performance; in fact, IRN often performs better
without PFC (§4). We detail the extensions to the RDMA protocol that IRN requires (§5) and use comparative analysis and

