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Response Control in Memory Systems

TECHNICAL FIELD
[0001] The present disclosure relates to memory devices, memory systems, and methods for

response control in memory systems.

BACKGROUND
[0002] A memory system can include one or more memory devices and a memory controller
that manages the data stored in the one or more memory devices and communicates with a host.
The host can send commands, for example, read or write commands, to the memory system to read
data from or write data to the one or more memory devices. The memory system can generate
corresponding responses and send the responses to the host. The host can use interrupts to handle

the responses received from the memory system.
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SUMMARY

[0003] The present disclosure relates to memory systems, methods, and media for aggregating
responses from memory systems to mitigate interrupt overhead in hosts coupled to the memory
systems. One example method includes receiving multiple commands from a host. Multiple
responses are sent to the host at a time instant, where each of the responses is generated in a
memory system during a time period and responsive to a respective one of the commands.

[0004] While generally described as computer-implemented software embodied on tangible
media that processes and transforms the respective data, some or all of the aspects may be
computer-implemented methods or further included in respective systems or other devices for
performing this described functionality. The details of these and other aspects and
implementations of the present disclosure are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of the disclosure will be apparent from

the description and drawings, and from the claims.
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BRIEF DESCRIPTION OF DRAWINGS
[0005] FIG. 1 illustrates a block diagram of an example system having a memory device,
according to some aspects of the present disclosure.
[0006] FIG. 2 illustrates an example system that includes a universal flash storage (UFS) host
and a UFS device, according to some aspects of the present disclosure.
[0007] FIG. 3 illustrates an example of transactions between a host and a device, according to
some aspects of the present disclosure.
[0008] FIG. 4 illustrates an example workflow of controlling aggregated responses, according
to some aspects of the present disclosure.
[0009] FIG. 5 illustrates an example workflow of handling parameters used in controlling
aggregated responses, according to some aspects of the present disclosure.
[0010] FIG. 6 illustrates an example of a flow chart of a method for aggregating responses from
memory systems, according to some aspects of the present disclosure.

[0011] Like reference numbers and designations in the various drawings indicate like elements.
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DETAILED DESCRIPTION

[0012] This specification relates to memory systems, methods, and controllers for aggregating
responses in memory systems to mitigate interrupt overhead in hosts coupled to the memory
systems. In some cases, a host coupled to a memory system sends a read or write command to the
memory system and receives a corresponding response from the memory system. The memory
system can generate a respective response for each command sent by the host. The host can use
an interrupt to handle a response sent by the memory system. If the host sends many commands,
for example, random write commands, to the memory system within a short time period, the
memory system may send back many responses within a short period of time, and each response
may result in an interrupt used by the host to handle data that are associated with the response and
have small chunk size, for example, less than 4k bits. The responses can lead to a large number
of interrupts in the host within the short period of time in order to handle the responses with
associated data having small chunk sizes. The interrupts can result in large interrupt overhead in
the host.

[0013] To mitigate the host interrupt overhead associated with large number of memory system
responses especially those with associated data having small chunk sizes, the memory system can
aggregate multiple responses within a period of time and then send the aggregated responses at
once to the host, instead of sending one response at a time. Sending aggregated responses at once
from the memory system to the host can reduce the number of interrupts that the host uses to handle
the responses, and therefore mitigate the interrupt overhead in the host, independent of whether
the host has its own schemes for mitigating the interrupt overhead. Sending aggregated responses
at once from the memory system to the host can also reduce the number of times that the memory
system sends responses to the host, and consequently reduce the overhead associated with the
input/output operations between the host and the memory system.

[0014] FIG. 1 illustrates a block diagram of an example system 100 having a memory device,
according to some aspects of the present disclosure. System 100 can be a mobile phone, a desktop
computer, a laptop computer, a tablet, a vehicle computer, a gaming console, a printer, a
positioning device, a wearable electronic device, a smart sensor, a virtual reality (VR) device, an
argument reality (AR) device, or any other suitable electronic devices having storage therein. As

shown in FIG. 1, system 100 can include a host 108 and a memory system 102 having one or more
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memory devices 104 and a memory controller 106. Host 108 can include a processor of an
clectronic device, such as a central processing unit (CPU), or a system-on-chip (SoC), such as an
application processor (AP). Host 108 can be configured to send or receive data to or from memory
devices 104.

[0015] Memory device 104 can be any memory device disclosed in the present disclosure.
Memory controller 106 is coupled to memory device 104 and host 108 and is configured to control
memory device 104, according to some implementations. Memory controller 106 can manage the
data stored in memory device 104 and communicate with host 108. In some implementations,
memory controller 106 is designed for operating in a low duty-cycle environment like secure
digital (SD) cards, compact Flash (CF) cards, universal serial bus (USB) Flash drives, or other
media for use in electronic devices, such as personal computers, digital cameras, mobile phones,
etc. In some implementations, memory controller 106 is designed for operating in a high duty-
cycle environment SSDs or embedded multi-media-cards (eMMCs) used as data storage for
mobile devices, such as smartphones, tablets, laptop computers, etc., and enterprise storage arrays.
Memory controller 106 can be configured to control operations of memory device 104, such as
read, erase, and program operations. Memory controller 106 can also be configured to manage
various functions with respect to the data stored or to be stored in memory device 104 including,
but not limited to bad-block management, garbage collection, logical-to-physical address
conversion, wear leveling, etc. In some implementations, memory controller 106 is further
configured to process error correction codes (ECCs) with respect to the data read from or written
to memory device 104. Any other suitable functions may be performed by memory controller
106 as well, for example, formatting memory device 104.

[0016] Memory controller 106 can communicate with an external device (e.g., host 108)
according to a particular communication protocol. For example, memory controller 106 may
communicate with the external device through at least one of various interface protocols, such as
a USB protocol, an MMC protocol, a peripheral component interconnection (PCI) protocol, a PCI-
express (PCI-E) protocol, an advanced technology attachment (ATA) protocol, a serial-ATA
protocol, a parallel-ATA protocol, a small computer small interface (SCSI) protocol, an enhanced
small disk interface (ESDI) protocol, an integrated drive electronics (IDE) protocol, a Firewire

protocol, etc.
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[0017] Memory controller 106 and one or more memory devices 104 can be integrated into
various types of storage devices, for example, be included in the same package, such as a universal
Flash storage (UFS) package or an eMMC package. That is, memory system 102 can be
implemented and packaged into different types of end electronic products.

[0018] FIG. 2 illustrates an example system 200 that includes a UFS host 210 and a UFS device
230. System 200 is an example of system 100 in FIG. 1, UFS host 210 is an example of host 108
in FIG. 1, and UFS device 230 is an example of memory system 102 in FIG. 1. Read/write (RW)
UFS protocol information unit (UPIU) messages 220 are packets in UPIU data structure format
and can be used to transmit commands, data, and responses between UFS host 210 and UFS device
230.

[0019] In some implementations, UFS host 210 sends a read command (e.g., req_rin RW UPIU
message 220) or a write command (e.g., req w in RW UPIU message 220) to UFS device 230 to
read data (e.g., data-out in RW UPIU message 220) from or write data (e.g., data-in in RW UPIU
message 220) to UFS device 230. UFS device 230 then sends a corresponding response (e.g., tsp
in RW UPIU message 220) to UFS host 210. In some examples, the read command can be a
random read command or the write command can be a random write command.

[0020] In some implementations, UFS host 210 includes UFS driver 212 that drives UFS host
controller 218. UFS host controller 218 is an interface engine of UFS host 210. UFS host
controller 218 can handle an interrupt after receiving a response from UFS device 230, in order
for the routine of interrupt processing 214 in UFS driver 212 to handle the response. Interrupt
processing 214 is a routine within UFS driver 212 and can handle an interrupt controlled by
interrupt controller 216. Interrupt controller 216 can control interrupts from UFS host controller
218. UFS transport protocol (UTP) transfer register 2181 in UFS host controller 218 can manage
the flow of commands from UFS host 210 to UFS device 230 and the flow of data between UFS
host 210 and UFS device 230.

[0021] In some implementations, UFS host controller 218 can handle a separate interrupt for
each response received from UFS device 230. When the read or write command from UFS host
210 is a random read or a random write command, and the size of the data associated with the

corresponding response from UFS device 230 is small, for example, less than or equal to 4k bits,
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many interrupts may be handled by UFS host 210 within a short period of time, with each interrupt
responsive to a response with associated data having small size.

[0022] In some implementations, instead of using a separate interrupt to handle each response
received from UFS device 230, UFS host controller 218 can use UTP transfer interrupt aggregation
control register 2182 to aggregate a number of received responses before using a single interrupt
to handle the aggregated responses. Therefore, UTP transfer interrupt aggregation control register
2182 may mitigate interrupt overhead in UFS host 210 by reducing the rate at which interrupts are
handled by UFS host controller 218.

[0023] In some implementations, UFS IP 232 is an interface engine of UFS device 230. UFS
IP 232 can be either part of or independent of the controller of UFS device 230. UFS IP 232 can
support the auto response of UTP response UPIU messages from UFS device 230. UFS IP 232
can also support the manual response of UTP response UPIU messages from UFS device 230 using
the firmware of the controller of UFS device 230.

[0024] Insome implementations, instead of sending a single response at a time to UFS host 210,
UFS device 230 can use response aggregation control logic 234 to aggregate responses generated
by UFS device 230 in response to commands received by UFS device 230 from UFS host 210, and
then send the aggregated responses to UFS host 210 at a particular time. Different parameters, for
example, maximum number of aggregated responses that can be sent from UFS device 230 to UFS
host 210 or maximum time interval between consecutive time instants when the aggregated
responses are sent from UFS device 230 to UFS host 210, can be set up to control when to send
the aggregated responses. The maximum number of aggregated responses that can be sent from
UFS device 230 to UFS host 210 can be set up using the interface “set Wait MaxCount” of
response aggregation control logic 234, and the maximum time interval between consecutive time
instants when the aggregated responses are sent from UFS device 230 to UFS host 210 can be set
up using the interface “set Wait Timeout” of response aggregation control logic 234. The
interface “set StartStop” of response aggregation control logic 234 can be used to start or stop
running response aggregation control logic 234. Response aggregation control logic 234 can be
part of the firmware of the controller of UFS device 230. The received commands and the
aggregated responses can be part of read/write (RW) UPIU messages 220 transmitted between
UFS host 210 and UFS device 230. Sending aggregated multiple responses at a time from UFS



WO 2025/059902 PCT/CN2023/119983

device 230 to UFS host 210 may mitigate interrupt overhead in UFS host 210 by reducing the rate
at which responses are sent by UFS device 230 to UFS host 210.

[0025] FIG. 3 illustrates an example 300 of transactions between a host and a device. In some
implementations, host 302 can send multiple commands, for example, command UPIU 306, 308,
and 310 in UPIU data structure format, to device 304, before receiving responses from device 304.
Examples of the multiple commands sent from host 302 to device 304 can include read or write
commands. After receiving each of command UPIU 306, 308, and 310, device 304 can generate
a respective response. But instead of sending each response to host 302 at a different time instant,
device 304 can aggregate the respective responses and send them together at a time instant to host
302, for example, in response UPIU 312 in UPIU data structure format. Sending multiple
responses together from device 304 to host 302 at a time instant instead of individually at different
time instants may reduce the number of interrupts used by host 302 to handle the multiple
responses from device 304, and consequently reduce the interrupt overhead in host 302 that is
associated with handling the multiple responses from device 304. Command UPIU 306, 308, and
310 and response UPIU 312 can be part of RW UPIU message 220 in FIG. 2.

[0026] FIG. 4 illustrates an example workflow 400 of controlling aggregated responses.
Workflow 400 can be implemented by response aggregation control logic 234 in FIG. 2 and can
be performed by a device controller (e.g., controller 106). At 402, a device controller of a device
(e.g., memory system 102 or UFS device 230) detects that the device has generated a
corresponding response in response to a command, for example, a read command or a write
command, received from a host.

[0027] At 404, the device controller checks the state of a response aggregation switch (e.g.,
response counting switch), which can be used to control whether to aggregate responses in the
device. An example of the response aggregation switch is the interface “set_StartStop” of response
aggregation control logic 234 in FIG. 2. If the state indicates that the response aggregation switch
is on, then the device controller invokes response aggregation logic 416, which includes 406 to
412.

[0028] At 406, the device controller checks if a response aggregation timeout has reached. For
example, if the time period from the last time multiple aggregated responses were sent to the host

to the current time is longer than or equal to a predetermined time period, then at 408, the device
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controller sends to the host the responses aggregated since the last time multiple aggregated
responses were sent to the host. If the time period from the last time multiple aggregated responses
were sent to the host to the current time is less than the predetermined time period, then at 410, the
device controller checks if a maximum number of aggregated responses has reached. For example,
if a quantity of the responses aggregated since the last time multiple aggregated responses were
sent to the host is greater than or equal to a predetermined threshold, then the device controller
performs 408 by sending to the host the responses aggregated since the last time multiple
aggregated responses were sent to the host. If the quantity of the responses aggregated since the
last time multiple aggregated responses were sent to the host is less than the predetermined
threshold, then at 412, the device controller increases the quantity of aggregated responses by one
and adds the corresponding response to the set of responses aggregated since the last time multiple
aggregated responses were sent to the host.

[0029] If at 404, the state of the response aggregation switch indicates that the response
aggregation switch is off, then at 414, the device controller performs a read or write response
operation by sending the corresponding response to the host.

[0030] In some implementations, the response aggregation switch can be set based on the types
of commands sent from the host to the device, the rate at which the commands are sent from the
host to the device, and/or the sizes of the data associated with the responses sent from the device
to the host. For example, if during a specific period of time, the commands sent from the host to
the device are write commands, the rate at which the commands are sent from the host to the device
is higher than a preset threshold, and the size of the data associated with each response from the
device is less than 4k bits, then the response aggregation switch can be set to on in order to invoke
response aggregation logic 416 to mitigate interrupt overhead in the host by reducing the rate at
which responses are sent by the device to the host.

[0031] In some implementations, the device controller can swap 406 and 410 in response
aggregation logic 416 while still mitigating interrupt overhead in the host by reducing the rate at
which responses are sent by the device to the host.

[0032] In some implementations, the predetermined time period and the predetermined
threshold may be determined according to the type of the command, the size of the data associated

with the response, system requirements and/or user experience.
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[0033] FIG. 5 illustrates an example workflow 500 of handling parameters used in controlling
aggregated responses. Example parameters can include the predetermined time period used in 406
and the predetermined threshold used in 410. Workflow 500 can be performed by a device
controller and can be used for write transactions between a host and a device. The device controller
can also perform workflow 500 for read transactions by replacing write auto-response with read
auto-response.

[0034] At 502, a device controller of a device checks the state of a response aggregation switch
(e.g., response counting switch), which can be used to control whether to set up response
aggregation logic in the device. If the state indicates that the response aggregation switch is on,
then the device controller invokes response aggregation setup logic 524, which includes 504 to
510.

[0035] At 504, the device controller checks if write auto-response is turned off. The device
controller can use write auto-response to automatically send a response from the device to the host
in response to a command from the host. If the write auto-response is not turned off, then at 506,
the device controller turns off write auto-response so that response aggregation operation can be
performed later. Then at 508, the device controller checks if a response aggregation timer (e.g., a
timer counting the time duration since the last time multiple aggregated responses were sent to the
host) and other parameters have been set up. The other parameters can include the predetermined
time period used in 406 and the predetermined threshold used in 410.

[0036] If at 504, the device controller determines that the write auto-response is turned off, then
the device controller performs 508 described above.

[0037] If at 508, the device controller determines that the response aggregation timer or other
parameters have not been set up, then at 510, the device controller sets up the response aggregation
timer or other parameters. At 522, the device controller performs workflow 400 in FIG. 4 to
process read or write commands from the host.

[0038] If at 508, the device controller determines that the response aggregation timer and other
parameters have been set up, then at 522, the device controller performs workflow 400 in FIG. 4

to process read or write commands from the host.

10
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[0039] If at 502, the state of the response aggregation switch indicates that the response
aggregation switch is off, then the device controller invokes response aggregation removal logic
526, which includes 512 to 520.

[0040] At 512, the device controller checks if a response aggregation timer (e.g., a timer
counting the time duration since the last time multiple aggregated responses were sent to the host)
and other parameters have been set up. The other parameters can include the predetermined time
period used in 406 and the predetermined threshold used in 410.

[0041] If at 512, the device controller determines that the response aggregation timer or other
parameters have not been set up, then at 520, the device controller checks if write auto-response is
turned off. If the write auto-response is not turned off, then at 522, the device controller performs
workflow 400 in FIG. 4 to process read or write commands from the host. If the write auto-
response is turned off, then at 518, the device controller turns on the write auto-response. Then at
522, the device controller performs workflow 400 in FIG. 4 to process read or write commands
from the host.

[0042] If at 512, the device controller determines that the response aggregation timer and other
parameters have been set up, then at 514, the device controller uninstalls the response aggregation
timer and other parameters. Next at 516, the device controller sends to the host the set of responses
aggregated since the last time multiple aggregated responses were sent to the host. At 518, the
device controller turns on the write auto-response. Then at 522, the device controller performs
workflow 400 in FIG. 4 to process read or write commands from the host.

[0043] FIG. 6 illustrates an example 600 of a flow chart of a method for aggregating responses
from memory systems, according to some aspects of the present disclosure. At 602, a controller
of a memory system receives commands from a host.

[0044] At 604, the controller sends responses to the host at a time instant, where each of the
responses is generated in a memory system during a time period and responsive to a respective
one of the command.

[0045] Certain aspects of the subject matter described here can be implemented as a memory
system. The memory system includes an interface and a controller. The interface is configured to

perform operations including receiving commands from a host, and sending, to the host at a time

11
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instant, responses, where each of the responses is generated in the memory system during a time
period and responsive to a respective one of the commands.

[0046] The memory system can include one or more of the following features.

[0047] In some implementations, the controller is coupled to the interface and configured to
perform one or more operations including receiving, through the interface, the commands from the
host, and generating the responses in response to receiving the commands.

[0048] In some implementations, the time instant for sending the responses is after the time
period in response to determining that the time period is longer than or equal to a predetermined
time period.

[0049] In some implementations, the time instant for sending the responses is during the time
period in response to determining that a quantity of the responses generated is greater than or equal
to a predetermined threshold.

[0050] In some implementations, the commands include random read or write commands,
where a size of each of the random read or write commands is less than or equal to 4kb.

[0051] In some implementations, the memory system includes a universal flash storage (UFS)
device, where the UFS device includes the controller and a memory device.

[0052] In some implementations, a respective data structure of each read command in the
commands includes a read command UFS protocol information unit (UPIU), a respective data
structure of each write command in the commands includes a write command UPIU, a respective
data structure of each read response in the responses includes a read response UPIU, and a
respective data structure of each write response in the responses includes a write response UPIU.

[0053] Certain aspects of the subject matter described here can be implemented as a memory
system. The memory system includes a memory device and a controller coupled to the memory
device. The controller is configured to perform operations including receiving commands from a
host, generating, during a time period, responses in response to receiving the commands, where
each of the responses is responsive to a respective one of the commands, and sending, at a time
instant, the generated responses to the host.

[0054] The memory system can include one or more of the following features.

12
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[0055] In some implementations, the time instant for sending the responses is after the time
period in response to determining that the time period is longer than or equal to a predetermined
time period.

[0056] In some implementations, the time instant for sending the responses is during the time
period in response to determining that a quantity of the responses generated is greater than or equal
to a predetermined threshold.

[0057] In some implementations, the commands include random read or write commands,
where a size of each of the random read or write commands is less than or equal to 4kb.

[0058] In some implementations, the memory system includes a universal flash storage (UFS)
device, where the UFS device includes the controller and the memory device.

[0059] In some implementations, a respective data structure of each read command in the
commands includes a read command UFS protocol information unit (UPIU), a respective data
structure of each write command in the commands includes a write command UPIU, a respective
data structure of each read response in the responses includes a read response UPIU, and a
respective data structure of each write response in the responses includes a write response UPIU.

[0060] In some implementations, the operations further include receiving a state of a response
counting switch, receiving a predetermined threshold value, and receiving a predetermined time
period value.

[0061] In some implementations, the operations further include determining that the received
state of the response counting switch is on, determining that an auto-response switch is on, and in
response to determining that the state of the response counting switch is on and that the auto-
response switch is on, turning off the auto-response switch, setting the predetermined threshold to
be the received predetermined threshold value, and setting the predetermined time period to be the
received predetermined time period value.

[0062] Certain aspects of the subject matter described here can be implemented as a method.
The method includes receiving commands from a host. Responses are sent to the host at a time
instant, where each of the responses is generated in a memory system during a time period and
responsive to a respective one of the commands.

[0063] The method can include one or more of the following features.

13
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[0064] In some implementations, the time instant for sending the responses is after the time
period in response to determining that the time period is longer than or equal to a predetermined
time period.

[0065] In some implementations, the time instant for sending the responses is during the time
period in response to determining that a quantity of the responses generated is greater than or equal
to a predetermined threshold.

[0066] In some implementations, the commands include random read or write commands,
where a size of each of the random read or write commands is less than or equal to 4kb.

[0067] In some implementations, the memory system includes a universal flash storage (UFS)
device, where the UFS device includes the controller and a memory device.

[0068] In some implementations, a respective data structure of each read command in the
commands includes a read command UFS protocol information unit (UPIU), a respective data
structure of each write command in the commands includes a write command UPIU, a respective
data structure of each read response in the responses includes a read response UPIU, and a
respective data structure of each write response in the responses includes a write response UPIU.
[0069] Certain aspects of the subject matter described here can be implemented as a non-
transitory computer-readable storage medium storing one or more instructions executable by a
computer system to perform operations including receiving commands from a host and by a
memory system, generating, during a time period and by the memory system, responses in
response to receiving the commands, where each of the responses is responsive to a respective one
of the commands, and sending, at a time instant and by the memory system, the generated
responses to the host.

[0070] The non-transitory computer-readable storage medium can include one or more of the
following features.

[0071] In some implementations, the time instant for sending the responses is after the time
period in response to determining that the time period is longer than or equal to a predetermined
time period.

[0072] In some implementations, the time instant for sending the responses is during the time
period in response to determining that a quantity of the responses generated is greater than or equal

to a predetermined threshold.
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[0073] In some implementations, the commands include random read or write commands,
where a size of each of the random read or write commands is less than or equal to 4kb.

[0074] In some implementations, the memory system includes a universal flash storage (UFS)
device, where the UFS device includes the controller and the memory device.

[0075] In some implementations, a respective data structure of ecach read command in the
commands includes a read command UFS protocol information unit (UPIU), a respective data
structure of each write command in the commands includes a write command UPIU, a respective
data structure of each read response in the responses includes a read response UPIU, and a
respective data structure of each write response in the responses includes a write response UPIU.

[0076] In some implementations, the operations further include receiving a state of a response
counting switch, receiving a predetermined threshold value, and receiving a predetermined time
period value.

[0077] In some implementations, the operations further include determining that the received
state of the response counting switch is on, determining that an auto-response switch is on, and in
response to determining that the state of the response counting switch is on and that the auto-
response switch is on, turning off the auto-response switch, setting the predetermined threshold to
be the received predetermined threshold value, and setting the predetermined time period to be the
received predetermined time period value.

[0078] While this specification contains many specific implementation details, these should not
be construed as limitations on the scope of what may be claimed, but rather as descriptions of
features that may be specific to particular implementations. Certain features that are described in
this specification in the context of separate implementations can also be implemented, in
combination, in a single implementation. Conversely, various features that are described in the
context of a single implementation can also be implemented in multiple implementations,
separately, or in any sub-combination. Moreover, although previously described features may be
described as acting in certain combinations and even initially claimed as such, one or more features
from a claimed combination can, in some cases, be excised from the combination, and the claimed
combination may be directed to a sub-combination or variation of a sub-combination.

[0079] As used in this disclosure, the terms “a,” “an,” or “the” are used to include one or more

than one unless the context clearly dictates otherwise. The term “or” is used to refer to a
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nonexclusive “or” unless otherwise indicated. The statement “at least one of A and B” has the
same meaning as “A, B, or A and B.” In addition, the phraseology or terminology employed in
this disclosure, and not otherwise defined, is for the purpose of description only and not of
limitation. Any use of section headings is intended to aid reading of the document and is not to be
interpreted as limiting; information that is relevant to a section heading may occur within or outside
of that particular section.

[0080] As used in this disclosure, the term “about” or “approximately” can allow for a degree
of variability in a value or range, for example, within 10%, within 5%, or within 1% of a stated
value or of a stated limit of a range.

[0081] As used in this disclosure, the term “substantially” refers to a majority of, or mostly, as
in at least about 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.9%, 99.99%,
or at least about 99.999% or more.

[0082] Values expressed in a range format should be interpreted in a flexible manner to include
not only the numerical values explicitly recited as the limits of the range, but also to include all
the individual numerical values or sub-ranges encompassed within that range as if each numerical
value and sub-range is explicitly recited. For example, a range of “0.1% to about 5% or “0.1%
to 5% should be interpreted to include about 0.1% to about 5%, as well as the individual values
(for example, 1%, 2%, 3%, and 4%) and the sub-ranges (for example, 0.1% to 0.5%, 1.1% to 2.2%,
3.3% to 4.4%) within the indicated range. The statement “X to Y™ has the same meaning as “about
X to about Y,” unless indicated otherwise. Likewise, the statement “X, Y, or Z” has the same
meaning as “‘about X, about Y, or about Z,” unless indicated otherwise.

[0083] Particular implementations of the subject matter have been described. Other
implementations, alterations, and permutations of the described implementations are within the
scope of the following claims as will be apparent to those skilled in the art. While operations are
depicted in the drawings or claims in a particular order, such operations are not required be
performed in the particular order shown or in sequential order, or that all illustrated operations be
performed (some operations may be considered optional), to achieve desirable results. In certain
circumstances, multitasking or parallel processing (or a combination of multitasking and parallel
processing) may be advantageous and performed as deemed appropriate.

[0084] Moreover, the separation or integration of various system modules and components in
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the previously described implementations are not required in all implementations, and the
described components and systems can generally be integrated together or packaged into multiple
products.

[0085] Accordingly, the previously described example implementations do not define or
constrain the present disclosure. Other changes, substitutions, and alterations are also possible

without departing from the spirit and scope of the present disclosure.
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CLAIMS
WHAT IS CLAIMED IS:

1. A memory system, comprising:
an interface and a controller, wherein the interface is configured to perform operations
comprising:
receiving, from a host, commands; and
sending, to the host at a time instant, responses, each of the responses is generated in

the memory system during a time period and responsive to a respective one of the commands.

2. The memory system according to claim 1, wherein the controller is coupled to the interface
and configured to perform one or more operations comprising:
receiving, through the interface, the commands from the host; and

in response to receiving the commands, generating the responses.

3. The memory system according to claim 1 or 2, wherein the time instant for sending the
responses is after the time period in response to determining that the time period is longer than or

equal to a predetermined time period.

4. The memory system according to claim 1 or 2, wherein the time instant for sending the
responses is during the time period in response to determining that a quantity of the responses

generated is greater than or equal to a predetermined threshold.

5. The memory system according to any one of claims 1 to 4, wherein the commands comprise
random read or write commands, and wherein a size of each of the random read or write commands

is less than or equal to 4kb.
6. The memory system according to any one of claims 1 to 5, wherein the memory system

comprises a universal flash storage (UFS) device, and wherein the UFS device comprises the

controller and a memory device.
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7. The memory system according to claim 6, wherein a respective data structure of each read
command in the commands comprises a read command UFS protocol information unit (UPIU), a
respective data structure of each write command in the commands comprises a write command
UPIU, a respective data structure of each read response in the responses comprises a read response
UPIU, and a respective data structure of each write response in the responses comprises a write

response UPIU.

8. A memory system, comprising:
a memory device and a controller coupled to the memory device, wherein the controller is
configured to perform operations comprising:
receiving, from a host, commands;
in response to receiving the commands, generating, during a time period, responses,
each of the responses is responsive to a respective one of the commands; and

sending, at a time instant, the generated responses to the host.

9. The memory system according to claim &, wherein the time instant for sending the
responses is after the time period in response to determining that the time period is longer than or

equal to a predetermined time period.

10. The memory system according to claim 8, wherein the time instant for sending the
responses is during the time period in response to determining that a quantity of the responses

generated is greater than or equal to a predetermined threshold.
11. The memory system according to any one of claims 8 to 10, wherein the commands

comprise random read or write commands, and wherein a size of each of the random read or write

commands is less than or equal to 4kb.
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12. The memory system according to any one of claims 8 to 11, wherein the memory system
comprises a universal flash storage (UFS) device, and wherein the UFS device comprises the

controller and the memory device.

13.  The memory system according to claim 12, a respective data structure of each read
command in the commands comprises a read command UFS protocol information unit (UPIU), a
respective data structure of each write command in the commands comprises a write command
UPIU, a respective data structure of each read response in the responses comprises a read response
UPIU, and a respective data structure of each write response in the responses comprises a write

response UPIU.

14. The memory system according to any one of claims 10 to 13, wherein the operations further
comprise:

receiving a state of a response counting switch;

receiving a predetermined threshold value; and

receiving a predetermined time period value.

15. The memory system according to claim 14, wherein the operations further comprise:
determining that the received state of the response counting switch is on;
determining that an auto-response switch is on; and
in response to determining that the state of the response counting switch is on and that the
auto-response switch is on:
turning off the auto-response switch;

setting the predetermined threshold to be the received predetermined threshold value;

and

setting the predetermined time period to be the received predetermined time period
value.
16. A method of controlling a memory system, comprising:

receiving, from a host, commands; and
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sending, to the host at a time instant, responses, each of the responses is generated in the

memory system during a time period and responsive to a respective one of the commands.

17. The method according to claim 16, wherein the time instant for sending the responses is
after the time period in response to determining that the time period is longer than or equal to a

predetermined time period.

18. The method according to claim 16, wherein the time instant for sending the responses is
during the time period in response to determining that a quantity of the responses generated is

greater than or equal to a predetermined threshold.

19.  The method according to any one of claims 16 to 18, wherein the commands comprise
random read or write commands, and wherein a size of each of the random read or write commands

is less than or equal to 4kb.
20.  The method according to any one of claims 16 to 19, wherein the memory system

comprises a universal flash storage (UFS) device, and wherein the UFS device comprises a

controller and one or more memory devices.
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