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POWER MANGEMENT TECHNIQUES FOR 
AN INPUT/OUTPUT (I/O) SUBSYSTEM 

FIELD OF THE INVENTION 

This invention relates to an I/O Subsystem, and more spe 
cifically but not exclusively, to the power management tech 
niques for the I/O subsystem. 

BACKGROUND DESCRIPTION 

FIG. 1 illustrates a block diagram 100 of a prior art I/O 
subsystem 110. The prior art I/O subsystem 110 has an 
upstream port 120 and the downstream ports 1-4 130, 140, 
150 and 160. The I/O data is routed among the upstream port 
120 via the communication links 125 and 170 and the down 
stream ports 1-4 130, 140, 150 and 160 via their respective 
communication links 135, 145, 155 and 165. 

While waiting for packets from each of the downstream 
ports 1-4 130, 140, 150 and 160, the upstream port 120 
typically remains in a full power-up state. This causes the I/O 
Subsystem to consume high power even when the upstream 
port 120 is not servicing any of the downstream ports 1-4130. 
140, 150 and 160. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of embodiments of the inven 
tion will become apparent from the following detailed 
description of the subject matter in which: 

FIG. 1 illustrates a block diagram of a prior art I/O sub 
system; 

FIG. 2 illustrates a block diagram of an I/O subsystem in 
accordance with one embodiment of the invention; 

FIG. 3 illustrates a block diagram of an I/O subsystem in 
accordance with one embodiment of the invention; 

FIG. 4 illustrates a flow chart of the operations of an I/O 
Subsystem in accordance with one embodiment of the inven 
tion; and 

FIG. 5 illustrates a system to implement the methods dis 
closed herein in accordance with one embodiment of the 
invention. 

DETAILED DESCRIPTION 

Embodiments of the invention described herein are illus 
trated by way of example and not by way of limitation in the 
accompanying figures. For simplicity and clarity of illustra 
tion, elements illustrated in the figures are not necessarily 
drawn to scale. For example, the dimensions of Some ele 
ments may be exaggerated relative to other elements for clar 
ity. Further, where considered appropriate, reference numer 
als have been repeated among the figures to indicate 
corresponding or analogous elements. Reference in the speci 
fication to “one embodiment” or “an embodiment of the 
invention means that a particular feature, structure, or char 
acteristic described in connection with the embodiment is 
included in at least one embodiment of the invention. Thus, 
the appearances of the phrase “in one embodiment' in various 
places throughout the specification are not necessarily all 
referring to the same embodiment. 
The terms “upstream” and “downstream” are used to illus 

trate the direction of the traffic or data flow in the I/O sub 
system in one embodiment of the invention and are not meant 
to be limiting. The terms “upstream” and “downstream” may 
be interchanged in another embodiment of the invention. 
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2 
Other terminology to describe the direction of the traffic or 
data flow in the I/O subsystem can be used without affecting 
the workings of the invention. 

Embodiments of the invention provide power management 
techniques for an I/O subsystem. In one embodiment of the 
invention, the power management of the upstream port in the 
I/O Subsystem is improved by increasing the upstream link 
utilization when the upstream portisan active power state and 
by increasing or prolonging the power saving period of the 
upstream port when the upstream port is in a low power state. 

For example, in one embodiment of the invention, the 
upstream port indicates to its coupled downstream port(s) 
whether the upstream port is accepting data from the down 
stream port(s). When the upstream port determines that it is 
not accepting data from the downstream port(s), the upstream 
port indicates to its downstream port(s) that it is not accepting 
data and enters a low power or inactive state in one embodi 
ment of the invention. When the upstream port determines 
that it is accepting data from the downstream port(s), the 
upstream port Switches to a high power or active state and 
indicates to its downstream port(s) that it is accepting data in 
one embodiment of the invention. 
The downstream port(s) coupled with the upstream port 

receives the indication from the upstream port that indicates 
whether the upstream port is accepting data from the down 
stream port(s). When a downstream port receives an indica 
tion that the upstream port is not accepting data, it stores or 
accumulates or buffers the data packets that it receives from 
its downstream communication link and does not send any 
data to the upstream port in one embodiment of the invention. 
When a downstream port receives an indication that the 

upstream port is accepting data, it sends the stored or accu 
mulated the data packets to the upstream port in one embodi 
ment of the invention. The downstream port keeps sending all 
its stored or accumulated or buffered data packets to the 
upstream port until it does not have any stored data packets or 
when it receives the indication that the upstream port is not 
accepting data. 

In one embodiment of the invention, a downstream port 
sends an indication to the upstream port to indicate whether 
the downstream port is ready to send its stored one or more 
received data packets. For example, in one embodiment of the 
invention, when a downstream port has received the indica 
tion that the upstream port is not accepting data, it stores the 
data packets that it receives from its downstream communi 
cation link and compares the stored data packets with one or 
more thresholds. The threshold includes, but is not limited to, 
a time-based threshold, a level-based threshold, a percentage 
of unused or unfilled buffer space in the downstream port, a 
percentage of filled or used buffer space in the downstream 
port and the like. 
When a particular downstream port has determined that its 

one or more thresholds have been met or exceeded, it sends 
the indication to the upstream port that it is ready to send its 
stored data packets. The indication from the particular down 
stream port is a request for permission for the particular 
downstream port and other downstream port(s) (if any) to 
send its stored data packets to the upstream port in one 
embodiment of the invention. 
The upstream port receives the indication from the particu 

lar downstream port and it determines whether the upstream 
port is able to grant permission to the particular downstream 
port to send its stored data packets to the upstream portin one 
embodiment of the invention. When the upstream port deter 
mines that it is able to accede to the request of the particular 
downstream port to send its stored data packets, it switches to 
an active power state and sends the indication to the particular 
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downstream port that the upstream port is accepting data in 
one embodiment. In another embodiment of the invention, the 
upstream port sends the indication to the particular down 
stream and all the other coupled downstream ports. This 
allows the upstream port to service all its coupled down 
stream ports at the same time in one embodiment of the 
invention. 
By using the indications between the upstream port and the 

downstream port(s) to manage the data or traffic flow, the I/O 
Subsystem is able to increase the upstream link utilization 
when the upstream port is an active power state and it 
increases the power saving period of the upstream port when 
the upstream port is in a low power State in one embodiment 
of the invention. 

In one embodiment of the invention, the I/O subsystem is 
compliant at least in part with the Peripheral Component 
Interconnect (PCI) Express (PCIe) standard or specification 
maintained by the PCI Special Interest Group (PCI-SIG). For 
example, in one embodiment of the invention, the I/O sub 
system is compliant at least in part with, but not limited to, the 
PCIe base specification revision 2.0, the PCIe base specifica 
tion revision 3.0 and future releases of the PCIe base speci 
fication. One of ordinary skill in the relevant art will readily 
appreciate that the I/O subsystem may be compliant with 
other wired or wireless communication protocols without 
affecting the workings of the invention. 
The I/O subsystem is part of a switch module in one 

embodiment of the invention. For example, in the one 
embodiment of the invention, the I/O subsystem is a fully 
compliant PCIe switch. The I/O subsystem is part of a bridge 
module in one embodiment of the invention. In yet another 
embodiment of the invention, the I/O subsystem is integrated 
with a logic device. For example, in one embodiment of the 
invention, the I/O subsystem is a Platform Control Hub or 
subsystem that has an upstream Direct Memory Interface 
(DMI) port and multiple downstream PCI Express root ports. 

In one embodiment of the invention, the I/O subsystem is 
compliant at least in part with the power states of the 
advanced configuration and power interface specification 
(ACPI standard, “Advanced Configuration and Power Inter 
face Specification”, Revision 4.0a, published Apr. 5, 2010). In 
another embodiment of the invention, the I/O subsystem is 
compliant at least in part with earlier and/or future revisions 
of the ACPI standard. 

FIG. 2 illustrates a block diagram 200 of an I/O subsystem 
210 inaccordance with one embodiment of the invention. The 
I/O subsystem 210 has an upstream port 220 and four down 
stream ports 1-4230, 240,250 and 260. The communication 
link 270 facilitates I/O data to be routed among the upstream 
port 220 and four downstream ports 1-4 230, 240, 250 and 
260 in one embodiment of the invention. 

In one embodiment of the invention, the I/O subsystem 210 
has a tunnel access request interface or communication link 
280 and a tunnel open/tunnel close interface or communica 
tion link 290. The tunnel access request interface 280 facili 
tates each of the downstream ports 1-4230, 240,250 and 260 
to send an indication to the upstream port 220 to indicate 
whether the downstream ports 1-4230, 240,250 and 260 are 
ready to send its stored one or more received data packets. 
The tunnel open/tunnel close interface or communication 

link 290 facilitates the upstream port 220 to send an indication 
to the downstream ports 1-4230, 240,250 and 260 to indicate 
whether the upstream port 220 is accepting data from the 
downstream ports 1-4 230, 240, 250 and 260. 

In one embodiment of the invention, the I/O subsystem 210 
uses the Voltage of a respective signal as the respective indi 
cation for the tunnel access request interface 280 and the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
tunnel open/tunnel close interface 290. For example, in one 
embodiment of the invention, when the upstream port 220 
sets a logic low Voltage on the tunnel open/tunnel close inter 
face 290, the logic low voltage serves as an indication to the 
downstream ports 1-4 230, 240, 250 and 260 that the 
upstream port 220 is not accepting data from the downstream 
ports 1-4230, 240,250 and 260. When the upstream port 220 
sets a logic high Voltage on the tunnel open/tunnel close 
interface 290, the logic high Voltage serves as an indication to 
the downstream ports 1-4 230, 240, 250 and 260 that the 
upstream port 220 is accepting data from the downstream 
ports 1-4230, 240, 250 and 260. 

Similarly, in one embodiment of the invention, when one or 
more of the downstream ports 1-4230, 240,250 and 260 set 
a logic low Voltage on the tunnel access request interface 280, 
the logic low Voltage serves as an indication to the upstream 
port 220 that one or more of the downstream ports 1-4 230, 
240,250 and 260 are not ready to send its stored one or more 
received data packets. When one or more of the downstream 
ports 1-4230, 240,250 and 260 set a logic high voltage on the 
tunnel access request interface 280, the logic low Voltage 
serves as an indication to the upstream port 220 that one or 
more of the downstream ports 1-4230, 240, 250 and 260 are 
ready to send its stored one or more received data packets. 

In another embodiment of the invention, the I/O subsystem 
210 uses a respective register setting as the respective indica 
tion for the tunnel access request interface 280 and the tunnel 
open/tunnel close interface 290. For example, in one embodi 
ment of the invention, the upstream port 220 has a register that 
can be set by any of the downstream ports 1-4 230, 240, 250 
and 260 via the tunnel access request interface 280. The 
setting of the register in the upstream port 220 serves as an 
indication to the upstream port 220 whether one or more of 
the downstream ports 1-4 230, 240,250 and 260 are ready to 
send its stored one or more received data packets. 

Similarly, in one embodiment of the invention, each of the 
downstream ports 1-4230,240,250 and 260 has a register can 
be set by the upstream port 220 via the tunnel open/tunnel 
close interface 290. The setting of the register in each of the 
downstream ports 1-4 230, 240, 250 and 260 serves as an 
indication to each of the downstream ports 1-4 230, 240, 250 
and 260 whether the upstream port 220 is accepting data from 
the downstream ports 1-4 230, 240,250 and 260. 
One of ordinary skill in the relevant will readily appreciate 

other ways for the upstream port 220 and the downstream 
ports 1-4 230, 240, 250 and 260 to send indications or noti 
fications to each other and these other ways can be used 
without affecting the workings of the invention. For example, 
in one embodiment of the invention, the tunnel access request 
interface 280 and the tunnel open/tunnel close interface 290 
are part of the communication link 270. 
The configuration of the I/O subsystem 210 is not meant to 

be limiting and other configurations of the I/O subsystem 210 
can be used without affecting the workings of the invention. 
For example, in one embodiment of the invention, there can 
be any number of downstream ports and upstream port(s). 

FIG.3 illustrates a block diagram 300 of an I/O subsystem 
310 inaccordance with one embodiment of the invention. The 
I/O subsystem 310 has an upstream port 320 and four down 
stream ports 1-4330,340,350 and 360. The communication 
link 370 facilitates I/O data to be routed among the upstream 
port 320 and four downstream ports 1-4330, 340, 350 and 
360 in one embodiment of the invention. In one embodiment 
of the invention, the I/O subsystem 310 has a tunnel access 
request interface or communication link 380 and a tunnel 
open/tunnel close interface or communication link 390. 
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In one embodiment of the invention, the downstream ports 
1-4330,340,350 and 360 have the buffers 332,342,352 and 
362 respectively. Each of the buffers 332, 342,352 and 362 
stores data received from the communication links 335,345, 
355 and 365 respectively. In one embodiment of the inven 
tion, each of the buffers 332, 342, 352 and 362 stores data 
packets that have passed a check that includes, but not limited 
to, a cyclic redundancy check and any other data checking 
algorithm. In one embodiment of the invention, the I/O sub 
system is compliant with the PCIe specification and the 
downstreamports 1-4330,340,350 and 360 store transaction 
layer packets in the buffers 332, 342, 352 and 362 respec 
tively. 
When the downstream ports 1-4330, 340, 350 and 360 

receives the indication from the upstream port 320 via the 
tunnel open/tunnel close interface 390 that the upstream port 
320 is not accepting data, the downstream ports 1-4330,340, 
350 and 360 stores all received data packets in the buffers 332, 
342, 352 and 362 respectively. Each downstream port 1-4 
330, 340, 350 and 360 has the thresholds 1-4 334, 344, 354 
and 364 respectively in one embodiment of the invention. 
Each downstream port 1-4 330, 340, 350 and 360 uses the 
thresholds 1-4 334, 344, 354 and 364 respectively to deter 
mine whether it is ready to send its stored one or more 
received data packets in one embodiment of the invention. 

In one embodiment of the invention, the thresholds 1-4 
334,344, 354 and 364 are the same type of threshold. In one 
embodiment of the invention, the thresholds 1-4 334, 344, 
354 and 364 area combination of different types of threshold. 
In one embodiment of the invention, the thresholds 1-4334, 
344, 354 and 364 have the same setting or value. In one 
embodiment of the invention, the thresholds 1-4 334, 344, 
354 and 364 have different setting or value as shown in FIG. 
3. In yet another embodiment of the invention, each down 
stream port 1-4330, 340, 350 and 360 uses more than one 
threshold to determine whether it is ready to send its stored 
one or more received data packets. 

Each of the downstream ports 1-4330, 340, 350 and 360 
checks if its respective threshold (s) has been met. When the 
respective threshold(s) of a particular downstreamport is met, 
the particular downstream port sends an indication to the 
upstream port 320 via the tunnel access request interface 380 
that the particular downstream port is ready to send its stored 
one or more received data packets. 

For example, in one embodiment of the invention, each 
downstream port 1-4330, 340, 350 and 360 has a program 
mable time-based threshold and a programmable level-based 
threshold. In one embodiment of the invention, the program 
mable time-based threshold and the programmable level 
based threshold are configured based on the usage model of 
the downstream port which is linked to, but not limited to, the 
device functional latency requirements, performance factors 
and other requirements. 

Each downstream port 1-4330, 340, 350 and 360 checks 
whether the programmable time-based threshold or the pro 
grammable level-based threshold has been met. If either one 
of the thresholds is met, the downstream port sends an indi 
cation to the upstream port 320 via the tunnel access request 
interface 380 that it is ready to send its stored one or more 
received data packets. 

In one embodiment of the invention, each downstream port 
1-4330,340,350 and 360 measures the time that has lapsed 
since it has started storing or buffering its received data pack 
ets and compares the lapsed time with the programmable 
time-based threshold. If it determines that the lapsed time has 
exceeded the programmable time-based threshold, it sends an 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
indication to the upstream port 320 via the tunnel access 
request interface 380 that it is ready to send its stored one or 
more received data packets. 

Each downstream port 1-4330, 340,350 and 360 can set 
the programmable time-based threshold based on the latency 
requirements of the data that it has received. Each down 
stream port 1-4330,340,350 and 360 may set the time-based 
threshold based on the type of the packet in one embodiment 
of the invention. For example, in one embodiment of the 
invention, each downstream port 1-4330, 340,350 and 360 
sets a low time-based threshold when it has received audio 
data packets that have a low latency requirement. 

In one embodiment of the invention, each downstream port 
1-4330,340,350 and 360 sets the programmable level-based 
threshold to a fraction or percentage of the total buffer area 
that can be used to store data packets. Each downstream port 
1-4 330, 340, 350 and 360 determines the size of the stored 
received data packets and compares the size of the stored 
received data packets with the programmable level-based 
threshold. For example, in one embodiment of the invention, 
a particular downstream port can set the level-based threshold 
to 80% of the total available buffer area that can be used to 
store data packets. 

In another embodiment of the invention, each downstream 
port 1-4330,340,350 and 360 sets the programmable level 
based threshold to a fraction or percentage of the available or 
unfilled buffer area that can be used to store data packets. 
Each downstream port 1-4330,340,350 and 360 determines 
the size of the unused or unfilled buffer area and compares 
size of the unused or unfilled buffer area with the program 
mable level-based threshold. For example, in one embodi 
ment of the invention, aparticular downstream port can set the 
level-based threshold to 20% of the available buffer area that 
can be used to store data packets. 
One of ordinary skill will readily appreciate that other ways 

of selecting and setting the threshold(s) for each downstream 
port 1-4330,340,350 and 360 can be used without affecting 
the workings of the invention and these other ways shall not 
be described herein. 
The upstream port 320 receives the indication from the 

particular downstream port and Switches to an active power 
state so that it can service all the downstream ports 1-4330, 
340,350 and 360 in one embodiment of the invention. After 
the upstream port 220 has switched to the active power state, 
it sends an indication to the downstream ports 1-4330, 340, 
350 and 360 via the tunnel open/tunnel close interface 390 
that the upstream port 320 is accepting data. 
When the downstream ports 1-4 330, 340, 350 and 360 

receives the indication from the upstream port 320 via the 
tunnel open/tunnel close interface 390 that the upstream port 
320 is accepting data, the downstream ports 1-4330,340,350 
and 360 sends all its stored received data packets in the buffers 
332, 342,352 and 362 respectively to the upstream port 320. 
The downstream ports 1-4 330, 340, 350 and 360 keep 

sending all its stored received data packets to the upstream 
port 320 until it has no more stored received data packets or 
until it has received the indication from the upstream port 320 
via the tunnel open/tunnel close interface 390 that the 
upstream port 320 is not accepting data. The upstream port 
220 has a buffer 322 that stores incoming data packets from 
the downstream ports 1-4 330, 340, 350 and 360 in one 
embodiment of the invention. 
The upstream port 220 has a threshold 5324 to determine 

whetherit can acceptor reject data from the downstream ports 
1-4 330, 340, 350 and 360 in one embodiment of the inven 
tion. In another embodiment of the invention, the upstream 
port 220 has more than one threshold to determine whether it 
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can accept or reject data from the downstream ports 1-4330, 
340, 350 and 360. When the upstream port 220 has deter 
mined using the threshold 5324 to determine that it cannot 
accept data from the downstream ports 1-4330,340,350 and 
360, it sends the indication via the tunnel open/tunnel close 
interface 390 to the downstream ports 1-4330,340,350 and 
360. 

After sending the indication to the downstream ports 1-4 
330, 340, 350 and 360 that it is not accepting data, the 
upstream port 320 enters into a low power state in one 
embodiment of the invention. The upstream port 320 always 
try its best to accumulates cycles internally in the I/O sub 
system 310 in order to burst its transaction or to remain idle 
for a longer period in one embodiment of the invention. The 
downstream ports 1-4330, 340,350 and 360 behave as nor 
mal until the communication tunnel or upstream transaction 
path is closed. In this case, the downstream ports 1-4 330, 
340, 350 and 360 tries its best to participate to accumulate 
cycles to the best effort it can achieve. 

In one embodiment of the invention, the I/O subsystem 310 
maximizes the period of time when the upstream port 320 
resides in a low power state and it directly increases the 
effective low power management state of the upstream port 
320 and the I/O subsystem 310. 

FIG. 4 illustrates a flow chart 400 of the operations of an 
I/O subsystem in accordance with one embodiment of the 
invention. For clarity of illustration, FIG. 4 is discussed with 
reference to FIG. 3. In step 405, the flow 400 performs ini 
tialization of the I/O subsystem 310. In one embodiment of 
the invention, in step 405, the initialization includes, but is not 
limited to, sending an indication by the upstream port 320 to 
the downstreamports 1-4330,340,350 and 360 via the tunnel 
open/tunnel close interface 390 that the upstream port 320 is 
not accepting data, and entering or Switching into a low power 
mode by the upstream port 320. 

In step 410, the downstream ports 1-4330, 340, 350 and 
360 receive the notification from the upstream port 320 and 
accumulate the data packets that it has received. In step 415, 
each of the downstream ports 1-4 330, 340, 350 and 360 
checks if its threshold(s) for the accumulated data packets has 
been met or exceeded. If no, the flow 400 goes back to step 
410. If yes, the flow 400 goes to step 420 where the particular 
downstream port that has its threshold(s) met or exceeded 
sends an access request to the upstream port 320. 

In step 425, the upstream port 320 receives the access 
request and switches to an active mode. In step 430, the 
upstream port 320 sends a tunnel open notification or indica 
tion to all the downstream ports 1-4330,340,350 and 360. In 
step 435, the downstream ports 1-4330, 340, 350 and 360 
receives the notification from the upstream port 320 and sends 
its stored data packets to the upstream port 320. In step 440, 
the upstream port 320 receives the stored data packets from 
the downstream ports 1-4330, 340,350 and 360. 

In step 445, the upstream port 320 checks if its threshold(s) 
has been met or exceeded. Ifno, the flow 400 goes back to step 
440. If yes, the flow 400 goes to step 450 where the upstream 
port 320 sends a tunnel close notification to the downstream 
ports 1-4330, 340, 350 and 360. In step 455, the upstream 
port 320 switches to an inactive mode and the flow 400 goes 
back to step 410. 

FIG. 5 illustrates a system 500 to implement the methods 
disclosed herein in accordance with one embodiment of the 
invention. The system 500 includes, but is not limited to, a 
desktop computer, a laptop computer, a netbook, a tablet 
computer, a notebook computer, a personal digital assistant 
(PDA), a server, a workstation, a cellular telephone, a mobile 
computing device, an Internet appliance or any other type of 
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8 
computing device. In another embodiment, the system 500 
used to implement the methods disclosed herein may be a 
system on a chip (SOC) system. 
The processor 510 has a processing core 512 to execute 

instructions of the system 500. The processing core 512 
includes, but is not limited to, pre-fetch logic to fetch instruc 
tions, decode logic to decode the instructions, execution logic 
to execute instructions and the like. The processor 510 has a 
cache memory 516 to cache instructions and/or data of the 
system 500. In another embodiment of the invention, the 
cache memory 516 includes, but is not limited to, level one, 
level two and level three, cache memory or any other configu 
ration of the cache memory within the processor 510. 
The memory control hub (MCH) 514 performs functions 

that enable the processor 510 to access and communicate with 
a memory 530 that includes a volatile memory 532 and/or a 
non-volatile memory 534. The volatile memory 532 includes, 
but is not limited to, Synchronous Dynamic Random Access 
Memory (SDRAM), Dynamic Random Access Memory 
(DRAM), RAMBUS Dynamic Random Access Memory 
(RDRAM), and/or any other type of random access memory 
device. The non-volatile memory 534 includes, but is not 
limited to, NAND flash memory, phase change memory 
(PCM), read only memory (ROM), electrically erasable pro 
grammable read only memory (EEPROM), or any other type 
of non-volatile memory device. 
The memory 530 stores information and instructions to be 

executed by the processor 510. The memory 530 may also 
stores temporary variables or other intermediate information 
while the processor 510 is executing instructions. The chipset 
520 connects with the processor 510 via Point-to-Point (PtP) 
interfaces 517 and 522. In another embodiment of the inven 
tion, the chipset 520 is a platform control hub. The I/O sub 
system is part of the platform control hub in one embodiment 
of the invention. 
The chipset 520 enables the processor 510 to connect to 

other modules in the system 500. In one embodiment of the 
invention, the interfaces 517 and 522 operate in accordance 
with a PtP communication protocol such as the Intel(R) Quick 
Path Interconnect (QPI) or the like. The chipset 520 connects 
to a display device 540 that includes, but is not limited to, 
liquid crystal display (LCD), cathode ray tube (CRT) display, 
or any other form of visual display device. 

In addition, the chipset 520 connects to one or more buses 
550 and 560 that interconnect the various modules 574, 580, 
582,584, and 586. Buses 550 and 560 may be interconnected 
together via a bus bridge 572 if there is a mismatch in bus 
speed or communication protocol. The chipset 520 couples 
with, but is not limited to, a non-volatile memory 580, a mass 
storage device(s) 582, a keyboard/mouse 584 and a network 
interface 586. The mass storage device 582 includes, but is 
not limited to, a solid state drive, a hard disk drive, an univer 
sal serial bus flash memory drive, or any other form of com 
puter data storage medium. The network interface 586 is 
implemented using any type of well-known network interface 
standard including, but not limited to, an Ethernet interface, a 
universal serial bus (USB) interface, a Peripheral Component 
Interconnect (PCI) Express interface, a wireless interface 
and/or any other suitable type of interface. The wireless inter 
face operates in accordance with, but is not limited to, the 
IEEE 802.11 standard and its related family, HomePlug AV 
(HPAV), Ultra WideBand (UWB), Bluetooth, WiMax, or any 
form of wireless communication protocol. 

While the modules shown in FIG.5are depicted as separate 
blocks within the system 500, the functions performed by 
Some of these blocks may be integrated within a single semi 
conductor circuit or may be implemented using two or more 
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separate integrated circuits. For example, although the cache 
memory 516 is depicted as a separate block within the pro 
cessor 510, the cache memory 516 can be incorporated into 
the processor core 512 respectively. The system 500 may 
include more than one processor/processing core in another 
embodiment of the invention. 
The methods disclosed herein can be implemented inhard 

ware, Software, firmware, or any other combination thereof. 
Although examples of the embodiments of the disclosed sub 
ject matter are described, one of ordinary skill in the relevant 
art will readily appreciate that many other methods of imple 
menting the disclosed subject matter may alternatively be 
used. In the preceding description, various aspects of the 
disclosed subject matter have been described. For purposes of 
explanation, specific numbers, systems and configurations 
were set forth in order to provide a thorough understanding of 
the subject matter. However, it is apparent to one skilled in the 
relevant art having the benefit of this disclosure that the sub 
ject matter may be practiced without the specific details. In 
other instances, well-known features, components, or mod 
ules were omitted, simplified, combined, or split in order not 
to obscure the disclosed subject matter. 

The term “is operable' used herein means that the device, 
system, protocol etc., is able to operate or is adapted to operate 
for its desired functionality when the device or system is in 
off-powered state. Various embodiments of the disclosed sub 
ject matter may be implemented in hardware, firmware, Soft 
ware, or combination thereof, and may be described by ref 
erence to or in conjunction with program code, Such as 
instructions, functions, procedures, data structures, logic, 
application programs, design representations or formats for 
simulation, emulation, and fabrication of a design, which 
when accessed by a machine results in the machine perform 
ing tasks, defining abstract data types or low-level hardware 
contexts, or producing a result. 
The techniques shown in the figures can be implemented 

using code and data stored and executed on one or more 
computing devices such as general purpose computers or 
computing devices. Such computing devices store and com 
municate (internally and with other computing devices over a 
network) code and data using machine-readable media, Such 
as machine readable storage media (e.g., magnetic disks; 
optical disks; random access memory; read only memory; 
flash memory devices; phase-change memory) and machine 
readable communication media (e.g., electrical, optical, 
acoustical or other form of propagated signals—such as car 
rier waves, infrared signals, digital signals, etc.). 

While the disclosed subject matter has been described with 
reference to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modifi 
cations of the illustrative embodiments, as well as other 
embodiments of the Subject matter, which are apparent to 
persons skilled in the art to which the disclosed subject matter 
pertains are deemed to lie within the scope of the disclosed 
Subject matter. 
What is claimed is: 
1. An apparatus comprising: 
an upstream port to couple to a tunnel control interface 

communication link, a tunnel access request interface 
communication link and a communication link, the 
communication link, the tunnel control interface com 
munication link and the tunnel access request interface 
communication link each a separate communication 
link, the upstream port to: 
Senda first indication to a downstream port via the tunnel 

control interface communication link to indicate 
whether the upstream port is accepting data; and 
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10 
enter a low power state in response to the first indication 

that the upstream port is not accepting data, wherein 
the first indication comprises a Voltage of a first logic 
level; and 

the downstream port coupled to the upstream port via the 
tunnel control interface communication link, the tunnel 
access request interface communication link and the 
communication link, the downstream port to: 
store one or more received data packets in response to 

receipt of the first indication that the upstream port is 
not accepting data; 

compare the stored one or more received data packets 
with a threshold; and 

send a second indication to the upstream port, via a tunnel 
access request communicated on the tunnel access 
request interface communication link, whether the 
downstream port is ready to send the stored one or more 
received data packets based on the comparison of the 
stored one or more received data packets with the thresh 
old, wherein the second indication comprises a Voltage 
of a second logic level to indicate that the downstream 
port is ready to send the stored one or more received data 
packets. 

2. The apparatus of claim 1, wherein the threshold com 
prises one of a time-based threshold, a level-based threshold, 
and a percentage of unused buffer space in the downstream 
port. 

3. The apparatus of claim 1, wherein the upstream port is 
further to: 

enter an active power State in response to receipt of the 
second indication from the downstream port that the 
downstream port is ready to send the stored one or more 
received data packets; 

notify the downstream port that the upstream port is accept 
ing data; and 

receive the stored one or more received data packets in 
response to entering the active power state. 

4. The apparatus of claim 1, wherein the second indication 
comprises a request for permission to send the stored one or 
more received data packets. 

5. The apparatus of claim 1, wherein the tunnel access 
request interface communication link comprises a second 
communication link coupled to the upstream port and the 
downstream port to enable communication of the tunnel 
access request. 

6. The apparatus of claim 5, wherein the tunnel control 
interface communication link comprises a third communica 
tion link coupled to the upstream port and the downstream 
port to enable communication of the first indication from the 
upstream port, wherein the first indication comprises a tunnel 
close signal. 

7. An apparatus comprising: 
a downstream port to couple to a tunnel control interface 

communication link, a tunnel access request interface 
communication link and a communication link, the 
communication link, the tunnel control interface com 
munication link and the tunnel access request interface 
communication link each a separate communication 
link, the downstream port to: 
store one or more received data packets in response to 

receiving a first indication that an upstream port is not 
accepting data, the first indication comprising a Volt 
age of a first logic level; 

compare the one or more stored data packets with a first 
threshold; and 

send a second indication, via a tunnel access request 
communicated on the tunnel access request interface 
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communication link, whether the downstream port is 
ready to send the one or more stored data packets 
based on the comparison of the one or more stored 
data packets with the first threshold, wherein the sec 
ond indication comprises a voltage of a second logic 
level to indicate that the downstream port is ready to 
send the one or more stored data packets; and 

the upstream port coupled to the downstream port via the 
tunnel control interface communication link, the tunnel 
access request interface communication link and the 
communication link, the upstream port to: 
facilitate the first indication via the tunnel control inter 

face communication link to the downstream port 
whether the upstream port is to accept databased on a 
second threshold; and 

enter a low power state in response to the first indication 
that the upstream port is not accepting data. 

8. The apparatus of claim 7, wherein the first threshold and 
the second threshold each comprises one of a time-based 
threshold, a level-based threshold, and a percentage of unused 
buffer space in the downstream port. 

9. The apparatus of claim 7, wherein the upstream port is 
further to: 

enter an active power state in response to receipt of the 
Second indication that the downstream port is ready to 
send the stored one or more received data packets; and 

receive the stored one or more received data packets in 
response to entering the active power state. 

10. The apparatus of claim 7, wherein the downstream port 
is further to: 

send the stored one or more received data packets in 
response to receipt of the first indication from the 
upstream port that the upstream port is accepting data. 

11. The apparatus of claim 7, wherein the apparatus is 
compliant at least in part with a Peripheral Component Inter 
face Express (PCIe) standard. 

12. The apparatus of claim 7, wherein the second indication 
indication comprises a request for permission to send the 
stored one or more data packets. 

13. A method comprising: 
storing, by a downstream port, one or more received data 

packets in response to receiving a first indication that an 
upstream port coupled to the downstream port via a 
tunnel control interface communication link, a tunnel 
access request interface communication link, and a com 
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munication link is not accepting data, the communica 
tion link, the tunnel control interface communication 
link and the tunnel access request interface communica 
tion link each a separate communication link, the first 
indication comprising a Voltage of a first logic level; 

comparing, by the downstream port, the one or more stored 
data packets with a threshold; and 

sending a second indication, by the downstream port, via a 
tunnel access request communicated on the tunnel 
access request interface communication link, whether 
the downstream port is ready to send the one or more 
stored data packets based on the comparison of the one 
or more stored data packets with the threshold, wherein 
the second indication comprises a voltage of a second 
logic level to indicate that the downstream port is ready 
to send the one or more stored data packets. 

14. The method of claim 13, wherein the threshold is a first 
threshold, the method further comprising: 

facilitating, by the upstream port, the first indication 
whether the upstream port is accepting databased on a 
second threshold; and 

entering, by the upstream port, a low power state in 
response to the first indication that the upstream port is 
not accepting data. 

15. The method of claim 14, wherein the first threshold and 
the second threshold each comprises one of a time-based 
threshold, a level-based threshold, and a percentage of unused 
buffer space in the downstream port. 

16. The method of claim 14, further comprising: 
entering, by the upstream port, an active power state in 

response to receiving the second indication that the 
downstream port is ready to send the stored one or more 
received data packets; and 

receiving, by the upstream port, the stored one or more 
received data packets in response to entering the active 
power state. 

17. The method of claim 14, further comprising: 
sending, by the downstream port, the stored one or more 

received data packets in response to receiving the first 
indication from the upstream port that the upstream port 
is accepting databased on the second threshold. 

18. The method of claim 13, wherein the downstream port 
and the upstream port are each compliant at least in part with 
a Peripheral Component Interface Express (PCIe) standard. 
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