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HARQ OPERATING POINT ADAPTATION IN COMMUNICATIONS

Field of the Invention

The present invention relates generally to communications and, in particular,

to HARQ operating point adaptation in communications.

Background of the Invention

This section introduces aspects that may help facilitate a better understanding
of the inventions. Accordingly, the statements of this section are to be read in this
light and are not to be understood as admissions about what is prior art or what is not
prior art.

While 3G technologies such as HSPA and EV-DO based on CDMA
introduced channel aware scheduling on the downlink in order to improve spectral
efficiency, the CDMA nature of these technologies required fast power control on the
uplink and hence channel aware scheduling was not possible. 3GPP LTE, which is
based on OFDM, no longer requires fast power control on the uplink, and introduced
a sounding reference signal (SRS) which makes channel aware scheduling on the
uplink possible.

In order to fully exploit the channel aware scheduling capabilities of the LTE
uplink, one must configure the system with the proper hybrid automatic repeat request
(HARQ) operating point, which controls the rate at which retransmissions occur. The
general philosophy at present is to target a low retransmission rate when the Doppler
is low (i.e., the level of mobility is low) and target a higher retransmission rate when
the Doppler is high (i.e., the level of mobility is high).

More generally, the setting of the HARQ operating point depends on the
predictability of the channel state; that is, how accurate the base station scheduler’s
estimate of the mobile’s channel state is when it decides to schedule the mobile
compared to the actual channel state when the mobile finally transmits data. This is

impacted by several factors such as the Doppler of the mobile (which depends on the
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mobile speed and carrier frequency), the period at which the SRS is configured to be
transmitted, and the burstiness of the other cell interference.

Existing techniques to choose the proper HARQ operating point typically
depend only on a speed or Doppler estimate. The Doppler is related to the mobile

speed through the relationship: A = f‘% , where f is the carrier frequency in Hz, v is

the velocity of the mobile in meters per second, and c is the speed of light in meters
per second. By using the Doppler instead of the mobile speed, the carrier frequency is
automatically taken into account. This technique relies on an accurate estimate of
either the mobile speed or of the Doppler directly. In addition, the thresholds chosen
in order to determine which HARQ operating point to use for a given mobile speed
will be based on the rate at which channel state information is made available to the
base station scheduler; in the LTE uplink, this is the period at which the sounding
reference signal (SRS) is configured to be transmitted by the mobile. The 3GPP
specification allows the SRS to be transmitted as fast as every 2 ms and as slow as
every 320 ms.

There are two basic problems with the existing techniques. First, the mobile
speed or Doppler alone is not the only factor which leads to the predictability of the
channel state. Proper rate selection by the base station scheduler requires an accurate
estimate of the signal to noise plus interference ratio (SINR). While mobile speed or
Doppler is indicative of the predictability of the signal power, it does not give any
indication as to the variability in the interference. Due to the narrowband scheduling
capability of the LTE uplink, the variability in interference generated by mobiles in
other cells can potentially be quite large, and this is not predictable by the base station
scheduler, and hence choosing an HARQ operating point based on low mobile speed
or Doppler alone would not be appropriate.

Second, the SRS period that is configured will depend on the number of active
users which are connected; this is due to the fact that only 16 users at most can
transmit in one SRS transmission opportunity according to the 3GPP LTE
specification. Therefore, when a very large number of active users are present, the
SRS period must be increased in order to accommodate the larger user count, and
further, different users may be configured with different SRS periods. This means an

appropriate HARQ operating point must be selected for each of the possible SRS
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periods and possible mobile speeds. As the 3GPP specification matures and different
SRS periods are added, the base station software must be updated to include the
appropriate HARQ operating point for this SRS period.

Thus, new mechanisms and techniques that are able to address some of the
current issues in establishing and adapting an HARQ operating point would advance

communications generally.

Brief Description of the Drawings

FIG. 1 is a logic flow diagram of functionality performed in setting a hybrid
automatic repeat request (HARQ) operating point, in accordance with various

embodiments of the present invention.

FIG. 2 is a logic flow diagram of functionality performed in setting an HARQ
operating point, in accordance with some more detailed embodiments of the present

invention.

FIG. 3 is a graph depicting throughput performance for a mobile speed of 1

km/hr, in accordance with various embodiments of the present invention.

FIG. 4 is a graph depicting throughput performance for a mobile speed of 3

km/hr, in accordance with various embodiments of the present invention.

FIG. 5 is a graph depicting throughput performance for a mobile speed of 30

km/hr, in accordance with various embodiments of the present invention.

FIG. 6 is a graph depicting throughput performance for a mobile speed of 120

km/hr, in accordance with various embodiments of the present invention.

Specific embodiments of the present invention are disclosed below with
reference to FIGs. 1-6. Both the description and the illustrations have been drafted

with the intent to enhance understanding. For example, the dimensions of some of the
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figure elements may be exaggerated relative to other elements, and well-known
elements that are beneficial or even necessary to a commercially successful
implementation may not be depicted so that a less obstructed and a more clear
presentation of embodiments may be achieved. In addition, although the logic flow
diagrams above are described and shown with reference to specific steps performed in
a specific order, some of these steps may be omitted or some of these steps may be
combined, sub-divided, or reordered without departing from the scope of the claims.
Thus, unless specifically indicated, the order and grouping of steps is not a limitation
of other embodiments that may lie within the scope of the claims.

Simplicity and clarity in both illustration and description are sought to
effectively enable a person of skill in the art to make, use, and best practice the
present invention in view of what is already known in the art. One of skill in the art
will appreciate that various modifications and changes may be made to the specific
embodiments described below without departing from the spirit and scope of the
present invention. Thus, the specification and drawings are to be regarded as
illustrative and exemplary rather than restrictive or all-encompassing, and all such
modifications to the specific embodiments described below are intended to be

included within the scope of the present invention.

Summary of the Invention

Various methods are provided to address some of the current issues in
establishing and adapting an HARQ operating point. One method includes
determining a metric that indicates the predictability of a signal to noise plus
interference ratio (SINR) for signaling from a wireless device and setting a hybrid
automatic repeat request (HARQ) operating point for communication with the
wireless device using the metric. An article of manufacture is also provided, the
article comprising a processor-readable storage medium storing one or more software
programs which when executed by one or more processors performs the steps of this
method.

Many embodiments are provided in which the method above is modified.

Some embodiments further include receiving a first signal from a wireless device,
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predicting, using the received first signal, an estimated SINR for a second signal to be
transmitted by the wireless device, and determining an actual SINR for the second
signal when the second signal is received from the wireless device. In some
embodiments, the received first signal comprises a sounding reference signal (SRS)
and /or the second signal is received from the wireless device via a physical uplink
shared channel (PUSCH).

In some embodiments, either additionally or alternatively, determining the
metric that indicates the predictability of a SINR for signaling from the wireless
device comprises determining a correlation metric using the estimated SINR and the
actual SINR. In some embodiments, either additionally or alternatively, setting the
HARQ operating point comprises determining the HARQ operating point based on
the correlation metric. Furthermore, in some embodiments, either additionally or
alternatively, determining the HARQ operating point comprises determining the
HARQ operating point such that less HARQ transmissions are configured when the
correlation metric is above a first threshold than when the correlation metric is below
a second threshold, wherein the first threshold is greater than or equal to the second
threshold.

A transceiver node apparatus is also provided. The transceiver node being
configured to communicate with other devices in the system and being operative to
determine a metric that indicates the predictability of a signal to noise plus
interference ratio (SINR) for signaling from a wireless device and to set a hybrid
automatic repeat request (HARQ) operating point for communication with the

wireless device using the metric.

Detailed Description of Embodiments

To provide a greater degree of detail in making and using various aspects of
the present invention, a description of our approach to HARQ operating point
adaptation and a description of certain, quite specific, embodiments follows for the
sake of example. FIGs. 3-6 are referenced in an attempt to illustrate some examples of
specific embodiments of the present invention and/or how some specific embodiments

may operate / perform.
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To overcome the limitations of the existing approaches, it is proposed that a
single metric be used which is indicative of how well the base station scheduler can
predict the SINR of the mobile, as the SINR is the quantity which is indicative of the
throughput the mobile can achieve. This metric should reflect different mobile
speeds/Dopplers as well as different SRS periods, and variability in the other cell
interference (which is not captured in present-day techniques).

For 3GPP LTE embodiments, a metric is proposed that can be calculated in
the base station scheduler which can be used to quantify the predictability of the
channel in the LTE uplink, and this can be used to configure an appropriate HARQ
operating point. This metric will be based on the predicted SINR from the sounding
reference signal (SRS) and the actual SINR experienced by mobile transmissions on
the physical uplink shared channel (PUSCH).

Thus, in 3GPP LTE embodiments, the base station scheduler first computes
the predicted SINR per physical resource block (PRB) based on the SRS, and uses
this information to decide which mobiles to schedule and which PRBs to assign them.
When the mobiles actually transmit on the physical uplink shared channel (PUSCH),
the base station scheduler has available to it the actual SINR that was experienced at
the base station receiver for each mobile over the PRBs on which it was scheduled.

It is proposed that the base station scheduler compute the correlation between
the SINR it predicted based on the SRS and the actual SINR experienced on the
PUSCH when the mobile transmitted. Denote SINR**®(n,p) as the SINR that was
estimated based on the SRS for PRB p in subframe n (which is time index), and
denote SINR"V*“*(n, p) as the SINR that was actually experienced by the mobile on
the PUSCH when it transmitted on PRB p in subframe n. The correlation metric is
calculated as:

NS (SINRSS (n, p)YSINR™ (n, p)) =3 SINR™ (n. p)S" SINR" (n, p)

R=
\/ NI (SINR™ (n, p))' = (3 SINRS (n, p))f \/ NI (SINRPS (n, py) = (3 SINRP (n, )Y

where N is the number of PRBs times the number of subframes over which the
correlation metric is calculated. It is proposed that this correlation metric be computed
every time we collect a total of N samples across subframes and PRBs, where N
should be a sufficiently large number in order to estimate the correlation accurately; a

value of at least N=100 is recommended.
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The procedure would then be to wait until we collect N samples of the
PUSCH SINR for each UE (across PRBs and subframes), and then compute the
correlation between the PUSCH SINR samples with the corresponding SRS SINR
samples. Based on the value of this correlation coefficient, we will select the
appropriate HARQ operating point. A high correlation means the base station
scheduler is accurately able to predict the PUSCH SINR from the SRS SINR, and
hence a relatively small number of HARQ transmissions should be configured. On the
other hand, a low correlation means the SRS SINR is not reflecting the actual SINR
on the PUSCH, and hence a relatively high number of HARQ transmissions should be
configured.

The correlation metric can be computed over distinct block of N samples, or a
sliding window approach can be used where the correlation metric is computed over
overlapping blocks of N samples. Because we are computing the correlation between
the predicted and actual SINR directly, this will overcome the deficiencies in existing
techniques which do not account for unpredictable variations in the interference level.
In addition, we do not need to store many different cases based on different SRS
periods, the correlation metric we propose will automatically become smaller the
longer the SRS period is for a given mobile speed, as we will see in the simulation
results below.

FIGs. 3-6 illustrate the uplink system performance in terms of the overall
sector throughput for mobile velocities of 1km/hr (near stationary, laptop users),
3km/hr (pedestrian users), 30km/hr (urban vehicular speeds), and 120km/hr (highway
vehicular speeds). Performance is given for two different HARQ operating points and
for a range of SRS periods. One HARQ operating point targets a relatively low
number of HARQ transmissions by configuring a 20% error rate on the initial
transmission, which is typical operating point which works well at low mobile speeds
and for frequent SRS transmissions when the base station scheduler can accurately
predict the channel state of the mobile. The other HARQ operating point targets a
larger number of HARQ transmissions by configuring a 1% error rate should be
reached after the maximum number of transmissions, which in this case is set to 5
transmissions; this is a typical HARQ operating point when the mobile speed is high
and/or the SRS is transmitted less frequently, in which case the base station scheduler

cannot accurately predict the channel state of the mobile. The simulation result is
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provided for the Extended Typical Urban fast fading profile and with 8 mobiles per
sector using a proportional fair scheduling algorithm. All results are for a 1.7 GHz
uplink carrier frequency corresponding to the AWS frequency band in North
America.

Also shown on FIGs. 3-6 is the correlation metric we propose to use, where
the correlation metric is computed over non-overlapping blocks of N = 200 samples.
The following observations can be made:

First, the best HARQ operating point depends on both the mobile speed as
well as the SRS period. For a given SRS period, the best HARQ operating point
depends on the mobile speed. For example, a 20% initial BLER operating point is
best to use with an SRS period less than 15 ms if the mobile speed is 1 km/hr, but at 3
km/hr this HARQ operating point should only be used if the SRS period is less than 7
ms. For mobile speeds of 30 km/hr and 120 km/hr, using the HARQ operating point
of targeting a 1% post-HARQ BLER is always the best one to use.

Second, looking at FIGs. 3 and 4 where we see a cross over in performance
between the two HARQ operating points, it is observed that the correlation metric at
this cross over point occurs at a value of approximately 0.48.

Based on these observations, a method to adapt the HARQ operating point
would be as follows: Every time a new correlation metric is generated, compare it to a
threshold (for example a value of 0.48). If the correlation metric is above this
threshold, configure an HARQ operating point which uses a smaller number of
transmissions (e.g. 20% initial BLER). If the correlation metric is below this
threshold, configure an HARQ operating point which uses a larger number of HARQ
transmissions (e.g. target 1% BLER after the final HARQ transmission).

This is of course easily generalized to the case of having more than 2 HARQ
operating points and hence more than one threshold, although simulation results seem
to suggest that using just 2 HARQ operating points and one threshold is sufficient. In
addition, to avoid a “ping-pong” effect where we keep toggling between two different
HARAQ operating points, it is proposed to utilize a hysteresis technique where by two
thresholds are configured for each potential switching point. For example, when we
have 2 HARQ operating points as in the example above, instead of a single

correlation metric threshold of 0.48, we would have a threshold of 0.48 + A; and
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another threshold of 0.48 — A,, where A; and A, are design parameters (an example
would be A; = A, = 0.05). When using an HARQ operating point with fewer HARQ
transmissions (such as the 20% initial BLER), we would only switch the HARQ
operating point which utilizes more transmissions (such as targeting 1% BLER after
the maximum number of transmissions) when the correlation metric falls below 0.48
— A,. Similarly, we would only switch the HARQ operating point from one which
uses more HARQ transmissions to one which uses fewer HARQ transmissions when
the correlatic metric goes above 0.48 + A;.

The detailed and, at times, very specific description above is provided to
effectively enable a person of skill in the art to make, use, and best practice the
present invention in view of what is already known in the art. In the examples, the
present invention is described in the context of specific architectures, specific system
configurations and specific wireless signaling technologies for the purpose of
illustrating possible embodiments and a best mode for the present invention. Thus, the
examples described should not be interpreted as restricting or limiting the scope of the
broader inventive concepts.

Having described certain embodiments in detail above, a review of the more
general aspects common to many of the embodiments of the present invention can be
understood with reference to FIGs. 1-2. FIG. 1 is a logic flow diagram of functionality
performed in setting a hybrid automatic repeat request (HARQ) operating point, in
accordance with various embodiments of the present invention. In the method
depicted in diagram 100, a metric is determined (101) that indicates the predictability
of a signal to noise plus interference ratio (SINR) for signaling from a wireless
device. A hybrid automatic repeat request (HARQ) operating point is then set (102)
for communication with the wireless device using this metric. By setting the HARQ
operating point based on a metric that indicates the predictability of SINR for wireless
device signaling, throughput can be improved over present-day HARQ operating
point adaptation techniques.

FIG. 2 is a logic flow diagram of functionality performed in setting an HARQ
operating point, in accordance with some more detailed embodiments of the present
invention. In the method depicted in diagram 200, a sounding reference signal (SRS)

is received (201) from a wireless device. Using the SRS, an estimated SINR for a
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second signal to be transmitted by the wireless device is predicted (202). An actual
SINR for the second signal is determined (203) when the second signal is received
from the wireless device. A correlation metric is determined (204) using the estimated
SINR and the actual SINR. This correlation metric is then used to determine and set
(205) the HARQ operating point for communication with the wireless device.

Benefits, other advantages, and solutions to problems have been described
above with regard to specific embodiments of the present invention. However, the
benefits, advantages, solutions to problems, and any element(s) that may cause or
result in such benefits, advantages, or solutions, or cause such benefits, advantages, or
solutions to become more pronounced are not to be construed as a critical, required,
or essential feature or element of any or all the claims.

As used herein and in the appended claims, the term “comprises,”
“comprising,” or any other variation thereof is intended to refer to a non-exclusive
inclusion, such that a process, method, article of manufacture, or apparatus that
comprises a list of elements does not include only those elements in the list, but may
include other elements not expressly listed or inherent to such process, method, article
of manufacture, or apparatus. The terms a or an, as used herein, are defined as one or
more than one. The term plurality, as used herein, is defined as two or more than two.
The term another, as used herein, is defined as at least a second or more. Unless
otherwise indicated herein, the use of relational terms, if any, such as first and second,
top and bottom, and the like are used solely to distinguish one entity or action from
another entity or action without necessarily requiring or implying any actual such
relationship or order between such entities or actions.

The terms including and/or having, as used herein, are defined as comprising
(i.e, open language). The term coupled, as used herein, is defined as connected,
although not necessarily directly, and not necessarily mechanically. Terminology
derived from the word “indicating” (e.g., “indicates” and “indication”) is intended to
encompass all the various techniques available for communicating or referencing the
object/information being indicated. Some, but not all, examples of techniques
available for communicating or referencing the object/information being indicated
include the conveyance of the object/information being indicated, the conveyance of
an identifier of the object/information being indicated, the conveyance of information

used to generate the object/information being indicated, the conveyance of some part
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or portion of the object/information being indicated, the conveyance of some
derivation of the object/information being indicated, and the conveyance of some

symbol representing the object/information being indicated.

5 What is claimed is:
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CLAIMS

1. A method, comprising:

determining a metric that indicates the predictability of a signal to noise plus
interference ratio (SINR) for signaling from a wireless device;

setting a hybrid automatic repeat request (HARQ) operating point for

communication with the wireless device using the metric.

2. The method as recited in claim 1, further comprising

receiving a first signal from the wireless device;

predicting, using the received first signal, an estimated SINR for a second
signal to be transmitted by the wireless device;

determining an actual SINR for the second signal when the second signal is

received from the wireless device.

3. The method as recited in claim 2, wherein the received first signal comprises a
sounding reference signal (SRS) and

wherein determining the actual SINR comprises determining the actual SINR
for the second signal when the second signal is received from the wireless device via

a physical uplink shared channel (PUSCH).

4. The method as recited in claim 2, wherein determining the metric that
indicates the predictability of a SINR for signaling from the wireless device
comprises

determining a correlation metric using the estimated SINR and the actual

SINR.

5. The method as recited in claim 4, wherein setting the HARQ operating point
comprises determining the HARQ operating point based on the correlation metric,
and wherein determining the HARQ operating point comprises

determining the HARQ operating point such that less HARQ transmissions are

configured when the correlation metric is above a first threshold than when the
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correlation metric is below a second threshold, wherein the first threshold is greater

than or equal to the second threshold.

6. An article of manufacture comprising a processor-readable storage medium
storing one or more software programs which when executed by one or more

processors performs the steps of the method of claim 1.

7. A transceiver node of a communication system, the transceiver node being
configured to communicate with other devices in the system, wherein the transceiver
node is operative

to determine a metric that indicates the predictability of a signal to noise plus
interference ratio (SINR) for signaling from a wireless device, and

to set a hybrid automatic repeat request (HARQ) operating point for

communication with the wireless device using the metric.

8. The transceiver node as recited in claim 7, wherein the transceiver node is
further operative

to receive a first signal from the wireless device,

to predict, using the received first signal, an estimated SINR for a second
signal to be transmitted by the wireless device, and

to determine an actual SINR for the second signal when the second signal is

received from the wireless device.

9. The transceiver node as recited in claim 8, wherein the received first signal
comprises a sounding reference signal (SRS) and

wherein being operative to determine the actual SINR comprises being
operative to determine the actual SINR for the second signal when the second signal

is received from the wireless device via a physical uplink shared channel (PUSCH).

10. The transceiver node as recited in claim 8,
wherein being operative to determine the metric that indicates the

predictability of a SINR for signaling from the wireless device comprises being
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operative to determine a correlation metric using the estimated SINR and the actual
SINR,

wherein being operative to set the HARQ operating point comprises being
operative to determine the HARQ operating point based on the correlation metric, and

wherein being operative to determine the HARQ operating point comprises
being operative to determine the HARQ operating point such that less HARQ
transmissions are configured when the correlation metric is above a first threshold
than when the correlation metric is below a second threshold, wherein the first

threshold is greater than or equal to the second threshold.
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