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Letter to the IEEE EPoC Study Group gathered in Minnesota

Dear Mr. Chairman, gathered experts, and friends, hello!
Insofar as China is concerned, the origins of the market opportunity for EPoC lies in the
mainstream status achieved by the combination of EPON + EoC in delivering a robust and cost
effective cable access scheme. In the meantime, this trend has caught the attention of cable
operators internationally who are exploring ways to evolve their HFC networks to cost effectively
deliver all-1P services with unified provisioning and management schemes such DPoE.
For a long time, the lack of a unified standard for EoC within China has held back large-scale
deployment. The advent of the EPoC has attracted great attention in China not because of the
inherent suitability of the EPON protocol or MAC to the coaxial environment but because it offers
the prospect of unified management, scheduling and QoS schemes between the optical and coaxial
segments of the network, and is in line with the trend toward end-to-end Ethernet/IP networks.
Moreover, cable operators in China have invested great hope in EPoC as a way (perhaps the only
way) that they can compete with telco FTTH deployments.
We are very pleased to see the work of the EPoC standard move forward — in particular, the
discussion and formulation of the five criteria. For logistical reasons, we as a group have not been
able to participate in online discussions or in person, but we have been following the
developments closely. In particular, the points we have paid most attention to are:

(1) FDD vs. TDD
We have been happy to see the recent discussion regarding FDD and TDD support. This is not just
a theoretical discussion, but a topic of practical importance for the cable operators in China. The
support of both FDD and TDD is the way to meet the requirements of Chinese cable operators.
It is understood that FDD maps most directly to the WDM scheme of optical fiber, and that it
offers the advantages of dedicated upstream and downstream spectrum, including lower latency.
However, the assumption of the availability of paired spectrum is not always valid, and the
requirement of diplexers adds cost. Moreover, if the cost and complexity of network re-planning is
to be averted, there must be sufficient spectrum up front to match the data rates on the optical
segment. In the case of 10G symmetrical EPON, this would be 1.2 GHz each for upstream and
downstream assuming the spectral efficiency achieved by 4096-QAM - not a realistic assumption.
The advantage of TDD in this case is clear: the ability to flexibly aggregate fragments of spectrum
as they become available.
What is also clear is that some people have misgivings about supporting TDD; concerns about
how TDD would operate under a full-duplex EPON MAC and the increased latency inherent in a
TDD system stand out. However, in a fixed up/downstream bandwidth allocation, there is no
essential difference between TDD and FDD. What can be accomplished in the frequency domain
with FDD is simply done in the time domain with TDD, with more or fewer timeslots assigned to
the upstream. Up/downstream turnaround delays can be minimized by the aggregation of
discontinuous up/downstream timeslots into contiguous blocks, as shown in Figure 1. This has
been verified by the HINOC system, which is a TDMA/TDD system.
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Figure 1. Up/Downstream time slot allocation

Yet others point out that TDD is only viable in an N+0 (i.e., passive) cable plant. An active cable
plant is certainly a setting where FDD comes into its own. However, it is theoretically possible to
operate an active cable plant in TDD mode if there were bi-directional amplifiers coordinated with
the transmission schedule. It has also been suggested that FDD is equally valid and attractive in an
N+0 setting. There is some doubt on that point, given the wide variety of spectrum plans in cable
plants around the world (e.g., arising out of the need to avert satellite transmission bands) and the
aforementioned difficulty and cost of re-planning FDD networks. Advanced technologies such as
Broadcom’s FBC (Full-Band Capture) are very useful in aiding spectrum re-planning. However,
there still exists the problem of replacing diplexers that was mentioned before.
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Figure 2. 10GEPON-1GEPoC

It is true that TDD would introduce problems of adjacent channel interference (i.e., receiver
saturation) given unsynchronized transmissions schedules if EPoC channels were co-located (as
depicted in Figure 2, in the segment to the right of the CMC). However, given the large
bandwidths involved in EPoC channels, it is unlikely that they would be so co-located. Moreover,
there always exists the option of synchronizing up/downstream transmissions.

There is then the concern that supporting both FDD and TDD will complicate the standard and
increase the cost of devices and end equipment. There is certainly incremental complexity
introduced in supporting both duplex modes, but also a significant degree of commonality and
shared resources as well. There is essentially one PHY; whereas TDD mode adds a PLL relative to
FDD, it can be essentially understood as a subset of the FDD mode of operation (reference Figure
1). It is worth mentioning that 4G LTE supports both FDD and TDD modes of operation.



To summarize, we should consider supporting both FDD and TDD modes at the 1 Ghps service
level, which will utilize spectrum below 1 GHz, which is largely amplified. However, in the
expansion toward 10 Gbps service levels, which will utilize the spectrum above 1 GHz which is
largely unamplified, TDD seems like a reasonable choice.

(2) The Target Market of EPoC
This topic bears close relationship to the prior question of duplexing scheme, as it is predicated on
the nature of the target cable plant. If the main scenario is N+0, then TDD is appropriate. If the
plant is active, there may be problems with TDD. There is no question as to the direction that
China is heading, as SARFT has been aggressively promoting and deploying fiber to the building
or curb. In Shanghai and other coastal provinces, the percentage of FTTB or FTTC deployment
has reached 80%, or in some cases, 100%. It is widely held that the majority of cable plant in N.
America and Europe is of the N+n variety. The question is how applicable the Chinese situation is
to the cable evolution in N. America and Europe.
A distinguishing trait of EPoC is its support of high data rates, which means correspondingly large
spectral occupancy. If we take Broadcom’s chip development plan as an example, a minimum
configuration of 5 Gbps downstream and 1 Gbps upstream implies a spectral occupancy of at least
600 MHz, which no existing network can accommodate. Extension of data rates to 10 Gbps in
each direction will only reinforce the need for network reconditioning. The question is how?
Extend the fiber, run it to the last amplifier, or replace the amplifier? There is no doubt that China
is out in front on this account.
In the existing N+n cable plants of N. America and Europe, there are many unanswered questions
about how the plant will be reconditioned to support EPoC. Replacement of taps, splitters,
amplifiers? In the case that the plant is not reconditioned, maximum data rates may top out at 1
Gbps, in which case the use case of EPoC is limited. We believe that only in the context of
multi-Gbps data rates does EPOC make sense, since only then is it future proofed against the
encroachment of FTTH deployments. This almost certainly implies the deployment of EPoC into
N+0 plant, where TDD provides the maximum flexibility.
The situation in China requires the support of TDD. First, all existing EoC networks operate in
TDD mode. Having EPoC support TDD will ease the transition of EoC into EPoC. Secondly,
EPoC will have to initially operate in spectrum above 1 GHz. 5-750 MHz is already fully
occupied by existing applications, and 750-1 GHz has been allocated for EoC (HiNOC). Given the
wide availability of N+0 cable plant in China with the ability to support operation above 1 GHz,
the incremental cost and complexity of including TDD support in EPoC is well worth the future
proofing that TDD delivers.

(3) HINOC and EPoC

The relationship between HINOC, the indigenous Chinese Next Generation Broadcast (NGB)
cable access standard, and EPoC is an important factor to consider in crafting the EPoC standard.
We strongly believe that harmonization between EPoC and HiNOC would be highly beneficial to
the global industry, as the possibility of having chipsets that support both EPoC and HINOC
would lower costs for the entire supply chain, right on up through to the operators. The HINOC
standard is TDMA/TDD, a fact which we hope will be taken in account in the IEEE.*

* Translator’s note: HINOC has been submitted to ITU-T Study Group 9 for global
standardization.



(4) Regarding 10G-1G
At this point, we would like to revisit the scenario depicted in Figure 2, namely that of one single
10G optical pipe being divided into multiple 1G pipes (whether optical or coaxial) as we move
deeper into the distribution network. We believe this is the most realistic and attractive
deployment scenario for EPoC, because it allows for a mixed deployment of ONUs and CNUs, all
of which are 1 Gbps-caliber customer premises units, which should: (1) Lower costs as 1G ONUs
are also in demand by the telcos, and (2) Lower spectrum requirements on the coaxial segment to
250 MHz in 1G symmetric operation. This scenario should be in line with the five objectives that
are under consideration in the study group.
We hope to have the opportunity to host the IEEE Study Group in China in the near future.
We wish you a very successful meeting in Minneapolis! Health and happiness to all!

Sincerely yours,

Beijing Gehua CATV Network CO.,LTD Shi Jiangming ;Wang zhao

Henan Cable TV Network Group CO.,LTD Zhou Mingshen; Wang Daoyi
Jiangsu BC & TV Information Network CO.,LTD XuRugang ;Gao Xiaojun
Guizhou BC & TV Information Network CO.,LTD Li Wei; Xu Jun; Zhang Bo
SARFT National Labs for Digital CATV Application Technology Li Mengling
Technical Working Committee of China Radio & TV Association Yao Yong; LiaoYugong
Huawei Fang Liming; Hesham ElIBakoury
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