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Fig. 10. The time-average absolute and relative fairness with symmetric and
asymmetric traffic.
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Fig. 11. Long-term absolute and relative fairness with symmetric and
asymmetric traffic.

reference curve has an insignificant improvement, mainly at
the lower tail. Note that the potential for improvement should
be attributed to the increased multiuser/frequency diversity at
K ′ = 30. Despite its coexistence with Class 2 traffic, Class 1
traffic receives similar service to that in the all symmetric
case, given the same aggregate load and the same resources.
However, with 3 RSs and thus less spatial diversity, the
improvement with K ′ = 30 becomes more visible.

The corresponding time-average fairness performance of the
previous cases is shown in Fig. 10 using (18) with βi = 1 ∀i
for absolute fairness within the same class and with the
normalized throughput, as in [29] and [31], for relative fairness
across the asymmetric classes.

xj =
rj/βj

1
K

∑K
i=1 ri/βi

. (18)

Similarly, the long-term fairness is shown in Fig. 11 using
Jain’s index in (19) with βi = 1 ∀i for absolute fairness within
the same class and using the normalized throughput as in [32]
for relative fairness.

xw =

(∑K
i=1 ri,w/βi

)2

K
∑K

i=1(ri,w/βi)2
. (19)

In general, all class-based absolute fairness curves are quite
close while the relative (normalized) fairness curve also lies
in between. The slight improvement in the absolute fairness of
Class 2 can be attributed to the less sensitivity of the fairness
functions at high rate values along with the slight throughput
improvement shown in the CDF of Fig. 9 over the scaled up
throughput of Class 1. This further underscores the superiority
of the HDR scheme in highly loaded networks. Once again,
the performance of the reference case with K ′ = 30 and 6
RSs matches that of Class 1 in the asymmetric case.

VII. IMPLEMENTATION ISSUES AND FEEDBACK
OVERHEAD

In contrast to traditional cell-level centralized RRM
schemes, substantial savings in CSI feedback overhead can
be achieved due to the following reasons which are discussed
in more details in [13]: 1- Implementing the constrained
routing mode reduces the feedback overhead by a factor of
(Mcnst + 1)/M + 1 since no feedback is required from the
UT for the eliminated RS-UT links. 2- Reporting the indices
of the achievable AMC levels per link significantly saves in
signalling overhead as compared to reporting a wide range of
continuous SINRs. 3- Having many UTs per cell and given that
a UT can be connected to more than one node, only the ‘best’
fraction (in terms of achievable rates) of the N subchannels
needs to be reported per user access link; this reduces the
overhead by a factor of NCSI/N .6

Since queue-awareness at the BS is a key element in the pro-
posed RRA algorithms, it is important to investigate whether
or not there is an associated overhead cost as compared
to channel-aware only relay-based schemes. Looking at the
queue length dynamics described in (12) to (14), it can be
realized that the required queue state results from updating
the former state by the new traffic arrivals, the RRA decisions,
and finally, the ARQ rescheduling requests whose overhead is
neuter in this investigation. As such, we observe that the BS
can update the queue length information about its cell nodes
spontaneously (at no cost), or at a minimal cost if system
design necessitates, due to the following reasons:

1) Since UTs are the flow sinks of the DL traffic, their
queue lengths are set to zero without incurring an
overhead cost. Whereas the BS is self-aware of its full
queue dynamics including the ARQ requests from the
former recipients of its transmissions.

2) In contrast to mesh networks, new traffic arrivals occur
only at the BS node in the cellular network which
implies that no exogenous arrivals at RSs or UTs need
to be reported to the BS.

3) Since the RRA is cell-level centralized, the BS is
aware of the data transmitted from the RSs to the
UTs. Whereas, the relayed data withdrawn from the BS
buffers is used by the BS to increment the queue images
of the destined RS(s).

6Other results considering only the best 50% of link subchannels show no
performance degradation.
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4) If a UT generates an ARQ to an RS, the protocol may
enable the BS to exploit the broadcast channel to infer
the amount of data incrementing back the RS queue
and hence update the corresponding image accordingly.
If the system design necessitates otherwise, or rules
out ARQ while channel impairments may cause data
losses, then during UL, the RS will need to report the
actual change in only the queues affected by the last
DL transmission, over its potentially high-speed feeder
link7.

It worth noting that the proposed algorithms exploit the finer
resource granularity of the HDR frame structure despite the
slight increase in complexity due to the BS sub-frame. How-
ever, at low to moderate loading levels, the quasi-FDR scheme
achieves the same throughput and fairness performance with
the same feedback overhead yet with less computational
complexity. Therefore, at such low loading levels, the quasi-
FDR is more adequate provided that advances in technology
would have created effective ways to resolve the quasi-FDR
implementation challenges.

VIII. CONCLUSIONS

Significant throughput fairness and ubiquity can be achieved
in a cellular relay network with symmetric inelastic traffic
through formulating a throughput-optimal policy that per-
forms joint routing and scheduling on frame-by-frame ba-
sis, e.g., the quasi-FDR scheme vs. the PFS. We present a
novel throughput-optimal formulation in accordance with the
emerging OFDMA-based cellular relay networks employing
half-duplex relaying. Low-complexity iterative algorithms are
devised to solve the formulated optimization over two con-
secutive sub-frames using the queue length coupling. Our
numerical results show that with a slight complexity increase
as compared to the quasi-FDR scheme, the network capacity
for which the queues can be stabilized has been significantly
increased, and hence fairness and ubiquity at high traffic loads,
besides the substantial improvement in both queue-awareness
and latency. The results also show that without empirical
priority weights, our efficient implementation of throughput-
optimal scheduling achieves a ubiquitous and fair service
within each class of users (with symmetric traffic) and across
classes of asymmetric traffic in a relative sense, on the time-
average and long-term time scales. Load balancing among only
active relays is jointly realized with the resource allocation.
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