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[00011 EFFICIENT UPLINK OPERATION WITH HIGH 
INSTANTANEOUS DATA RATES 

[00021 FIELD OF INVENTION 

[0003] The present invention relates to wireless communication systems.  

[00041 BACKGROUND 

[0005] The evolution of high speed packet access (HSPA) towards higher 

throughput and lower latencies requires improvements to the physical layer as 

well as possible changes to the architecture. One improvement that has been 

proposed is the use of higher-order modulations in the downlink (64-QAM) and 

the uplink (16-QAM) along with enhanced base station receiver capabilities.  

Another potential improvement is the use of a shorter transmission time interval 

(TTI). These improvements would be well-suited to the support of delay-sensitive 

applications with bursty traffic, such as gaming, or to enhance the quality of non

real-time applications such as TCP transfers.  

[00061 Such evolution has implications on the optimal way of multiplexing 

users and allocating resources on the UL. For instance, the use of 16-QAM 

modulation on the UL implies that the chip-level signal-to-interference ratio 

(Ec/Io) at the base station is well above 0 dB, rather than being below -10 dB as 

in typical operation with pre-Release 7 (R7) 3GPP systems. This means that 

fewer wireless transmit receive units (WTRUs) can simultaneously communicate 

with a base station.  

[0007] Another consideration is that for a given average data rate, the 

percentage of time a WTRU has nothing to transmit due to its buffer being empty 

will increase with increasing instantaneous data rates. Thus, while using high 

instantaneous data rates improves the user-plane latency, it also means the 

burstiness of transmissions increases. The signaling mechanisms currently 

defined for allocating UL resources are not optimized for such bursty operation.  
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[0008] In the UL, the physical and MAC signaling in support of power 

control and resource allocation is optimized for a scenario where many WTRUs 

are transmitting simultaneously and at relatively low bit rates. Such signaling 

will likely not be suitable to take full advantage of the high-data rate capabilities 

of evolved HSPA, for the following reasons: 

[00091 First, the power ratio (or equivalently, data rate) allocation to a 

given WTRU is persistent in the sense that it remains in effect as long as it is not 

changed by the Node-B through an absolute or relative grant. Such operation is 

inefficient in a scenario where the burstiness of transmissions is high as will be 

the case when higher data rates are introduced. This is because the Node-B 

would constantly have to modify the allocation of each WTRU to avoid overload 

while efficiently utilizing the resource.  

[0010] Secondly, the fast closed-loop UL power control that is required up 

to R6 to maintain the Quality of Service (QoS) of all WTRUs simultaneously 

transmitting will not be as important in scenarios where a single, or only a few, 

WTRU is transmitting at a given time, and is adding unnecessary overhead.  

[00111 Accordingly, better signaling methods are needed to support high 

UL data rates in evolved HSPA.  

[00121 SUMMARY 

[00131 The disclosed method and apparatus for allocating resources 

comprise scheduling a requesting wireless transmit receive unit (WTRU) for 

transmission using non-persistent scheduling.  
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[00141 BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 is a wireless communication network; 

[00161 Figure 2 is a functional block diagram of transceiver; 

[00171 Figure 3 is a functional block diagram of a disclosed processor 

configured to implement the disclosed scheduling method; 

[0018] Figure 4 is a flow diagram of a disclosed scheduling method; and 

[0019] Figure 5 is a flow diagram of a disclosed scheduling method using 

channel quality indicator signaling.  

[0020] DETAILED DESCRIPTION 

[0021] When referred to hereafter, the terminology "wireless 

transmit/receive unit (WTRU)" includes but is not limited to a user equipment 

(UE), a mobile station, a fixed or mobile subscriber unit, a pager, a cellular 

telephone, a personal digital assistant (PDA), a computer, or any other type 

of user device capable of operating in a wireless environment. When referred to 

hereafter, the terminology "base station" includes but is not limited to a Node-B, 

a site controller, an access point (AP), or any other type of interfacing device 

capable of operating in a wireless environment.  

[00221 Figure 1 is an example of a wireless communication network (NW) 

10 having a plurality of Node-Bs 30 and WTRUs 20, (only one if which is shown).  

A wireless communication network 10 (NW) comprises at least one WTRU 20, 

including a transceiver 9 and a processor 22, one or more Node-Bs 30, and one or 

more cells 40. Each Node-B 30 controls one or more cells 40. Each Node-B 30 

includes a transceiver 13 and a processor 33. Processors 22 and 33 are 

configured to implement the methods disclosed hereafter.  

[00231 Figure 2 is a functional block diagram of transceiver 125 included in 

Node-B 30. In addition to components included in a typical transceiver, 

transceiver 120 includes processor 125 configured to perform the methods 

disclosed below, receiver 126 in communication with processor 125, transmitter 

127 in communication with processor 125, and antenna 128 in communication 

with receiver 126 and transmitter 127 to facilitate the transmission and 
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reception of wireless data. Additionally, the receiver 126, transmitter 127 and 

antenna 128 may be a single receiver, transmitter and antenna, or may include a 

plurality of individual receivers, transmitters and antennas, respectively.  

Transceiver 120 may be located at either the WTRU 20, base station 30, or both.  

[00241 Figure 3 is an example block diagram of processor 125. Processor 

125 comprises a scheduling processor 142, preferably a MAC-e, for controlling 

transmissions from WTRUs over an enhanced dedicated channel (E-DCH).  

Scheduling processor 142 comprises a scheduler 144 for managing E-DCH cell 

resources between WTRUs, a controller 145 for receiving scheduling requests and 

transmitting scheduling grants and a hybrid Automatic Repeat Request (HARQ) 

entity 146, for supporting all tasks required for error control protocol (i.e., HARQ 

protocol), to be disclosed hereinafter.  

[00251 In order to accommodate higher order modulation, such as 16-QAM 

in the uplink, scheduler 144 schedules E-DCH resources using non-persistent 

scheduling. As such, the transmission opportunity granted by Node-B 30 is valid 

for a specific WTRU only for a limited duration, or confined to the transmission of 

a limited number of MAC-e packet data units (PDUs).  

[0026] Scheduler 144 therefore determines the maximum allowed power 

ratio for WTRU 20 and a grant limit used to indicate the limitations of the 

allocation grant. The non-persistent scheduling grant (SG) determined by 

scheduling processor 142 is provided to controller 145. Controller 145 then 

transmits the scheduled grant to requesting WTRU 20.  

[00271 A flow diagram of the method 400 used by processor 125 to grant 

transmission allocations to a specific WTRU 20 is illustrated in Figure 4. Node-B 

30 receives control information, comprising scheduling information (SI), from 

WTRU 20 (step 402). Node-B 30, optionally, also receives other information, such 

as interference generated by other WTRUs and control information transmitted 

from other WTRUs. Grant allocation information including a grant limit and 

maximum power ratio for WTRU 20 is determined (step 404). The grant 

allocation information is then transmitted to WTRU 20, (step 406).  
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[0028] The use of persistent allocations often may require doubling the 

number of scheduling commands in order to remove the allocation of a WTRU 20, 

when only a single WTRU 20 is allowed to transmit at given time, and there is a 

large number of WTRUs 20 connected. Non-persistent scheduling, as disclosed, 

eliminates the need for this increased scheduling overhead, such that there is 

sufficient room for transmissions by other WTRUs 20.  

[0029] In an alternative method, a channel quality indicator (CQI) 

information is also transmitted to WTRU 20, preferably at the time of scheduling 

allocation. In accordance with this alternative, a new physical channel may be 

defined, or a new interpretation of the information bits of an existing channel 

may be defined.  

[0030] It is preferable that a new definition for an existing channel be used.  

For example, the enhanced access grant channel (E-AGCH) encodes six 

information bits; five for the grant value and one for the scope. Since Node-B 30 

does not signal a power ratio, the grant value is now meaningless. Therefore, the 

five bits of the E-AGCH can be replaced to encode the CQI information, (32 

values in this case). The remaining bit of the E-AGCH could be used to signal 

whether persistent allocation or non-persistent allocation is used. In accordance 

with this alternative, a non-persistent allocation may be valid for a pre-defined 

number of MAC-e PDUs, as disclosed above, on the same HARQ process, 

preferably, conducted by HARQ entity 146. Alternatively, more bits could be 

reserved in the modified E-AGCH to signal how many MAC-e PDUs the 

allocation is valid for using non-persistent allocation. In still another alternative, 

the non-persistent allocation could be valid for a predetermined time duration, 

which may be signaled from higher layers.  

[0031] In order for Node-B 30 to determine when to schedule WTRU 20 and 

the appropriate CQI, a signal (preferably a CQI burst) is transmitted from WTRU 

20 shortly before transmitting the control information used for scheduling. An 

example signal may be a previous data transmission from WTRU 20. A flow 

diagram of the method 500 used by processor 125 to grant transmission 

allocations, including a CQI information, is illustrated in Figure 5. Node B 30 
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receives a CQI burst (step 501) and control information from WTRU 20 (step 

502). Grant allocation information including a grant limit is determined for 

WTRU 20 (step 503). The CQI and grant allocation information are then 

transmitted to WTRU 20 (steps 504 and 505, respectively). Although the CQI 

and grant allocation have been disclosed as being transmitted at the same time 

by Node B 30, it should be appreciated by those having skill in the art that the 

CQI may be transmitted before or after the grant allocation.  

[0032] Alternatively, if WTRU 20 has not transmitted data (or CQI reports) 

for a long time, WTRU 20 may transmit a special signal. This signal is preferably 

transmitted at a defined power offset from the power level used by WTRU 20 to 

transmit data. The power offset may be signaled to WTRU 20 beforehand 

(through e.g., radio resource control (RRC) signaling). The signal may include 

information on the amount of data buffered in WTRU 20, which may be encoded 

at the physical or MAC layer. This alternative does not require a new format 

different from the existing Scheduling Information. Additionally, the signal 

could be used to support slow power control if a closed-loop scheme is employed, 

to be disclosed hereinafter.  

[0033] Alternatively, Node-B 30 may schedule WTRU 20 without such a 

transmission, biasing a CQI on previously available measurements. In 

accordance with this alternative, such a CQI is preferably biased according to a 

pre-defined rule in Node-B 30. For example, the type of biasing may depend on a 

specific goal Node-B 30 is trying to achieve. If Node-B 30 is trying to minimize 

interference from WTRU 20, the initial CQI is preferably biased down. If Node-B 

30 is trying to maximize the probability of detection of data from WTRU 20 on 

the first try, the CQI is preferably biased up.  

[0034] If the initial transmission from WTRU 20 results in error, the 

erroneous transmission is used to measure CQI for the re-transmission. In this 

alternative, the CQI is then preferably forwarded together with ACK/NACK, 

using HARQ entity 146. As those having skill in the art recognize, HARQ entity 

146 is responsible for generating acknowledgement (ACKs) or non

acknowledgements (NACKs), which indicate the delivery status of a single MAC
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e PDU to WTRU 20. This can be done either by defining a new downlink (DL) 

signaling, or re-defining the meaning of the E-RGCH channel. In the latter case, 

the CQI change signaled is preferably a delta up or a delta down for the next 

transmission.  

[00351 In accordance with this method, the methods of determining the 

CQI are set forth in TABLE I below: 

Information received from WTRU Method of determining CQI 
CQI burst Determines CQI using received 

transmission 
Special signal transmitted at a defined Determines CQI using the received 
power offset special signal 
No information CQI biased based on a specific goal 
Erroneous transmission CQI based on erroneous transmission 

and sent to WTRU along with 
ACK/NACK.  

TABLE I 

[00361 In the CELLFACH mode, the CQI burst as set forth above is 

modified to enable similar operation of Random Access over HSUPA-type 

signaling with fast allocation. For example, an access-preamble with ramp up 

similar to currently used random access channel (RACH) schemes may be used.  

The access codes and slots are defined in a manner similar to what is done in 

present day schemes and the signatures selected correspond to a temporary "user 

ID" (which exists only at the Physical (PHY) and MAC layers). As such, when 

Node-B 30 acquires a particular RACH preamble from WTRU 20 HARQ entity 

146 determines whether a NACK response, which will tell WTRU 20 not to 

transmit, or an ACK response with a specific CQI, which will enable WTRU 20 to 

select the appropriate transport format for message transmission should be 

transmitted to WTRU 20. In accordance with this method, a NACK can be seen 

as a special case of CQI (i.e., CQI of zero, per se). This CQI/ACK/NACK is 

addressed to WTRU 20 with the temporary ID based on the detected signature, 

thus identifying the correct WTRU 20. This ID is valid for the duration of one 

MAC transport block, and can therefore be used to send CQI/ACK/NACKs to that 

WTRU 20 for re-transmission.  
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[00371 In accordance with the disclosed method using CQI signaling, from 

the Node-B, adaptive modulation and coding on the uplink is enabled. Instead of 

compensating for channel variations with transmission power to regulate the 

received power at the Node-B 30, the received power is preferably allowed to 

vary, while the modulation and coding scheme that matches the current channel 

conditions is utilized.  

[00381 Slow power control with CQI signaling can be realized by any of the 

methods disclosed above. These methods include closed loop RRC signaling, 

which includes the Node B RNC sending RRC messages to the WTRU Radio 

Network Controller (RNC) to control its transmission power when transmitting 

data, based on interference measurement reports, e.g., CQI reports, from the 

Node-B; re-interpreting E-DCH relative grant channel (E-RGCH) as a "power

up/down" command (instead of power-ratio-up/down), which assists with inter

cell interference; and continuing to use a fractional dedicated channel (F-DPCH) 

with a frequency, predetermined by higher layer signaling, that is lower than 

current methods.  

[0039] The rationale for utilizing slow power control (instead of fast power 

control) is that there is little gain in tightly controlling interference at serving 

Node-B 30, since scheduler 144 in Node-B 30 has the possibility of scheduling one 

WTRU 20 at a time. Furthermore, interference to other Node-Bs is typically not 

improved by fast power control since the fast power control commands are 

correlated to the channel of the closest Node-B, which most of the time is serving 

Node-B 30.  

[0040] Another advantage of slow power control is that Node-B 30 has the 

possibility of optimizing the choice of which WTRU 20 should be transmitting at 

a given time, depending on short-term channel conditions (channel-sensitive 

scheduling). Furthermore, the enhanced transmission format code (E-TFC) 

selection procedure is considerably simplified since WTRU 20 knows directly 

from Node-B 30 what E-TFC it can use. Therefore, the transmission power does 

not need to be recalculated at every transmission.  
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[0041] A backward-compatible implementation in high speed packet access 

(HSPA) systems minimizes the changes to the existing control channel structure.  

Legacy WTRUs that do not implement the disclosed method may still operate in 

accordance with the existing procedures and listen to the same physical channels 

defined in current systems (i.e., Release 6 systems). The modified E-AGCH used 

to support the WTRUs that utilize the disclosed method are identified with the E

DCH radio network temporary identity (E-RNTI), therefore the changes to past 

systems are transparent to legacy WTRUs. The modified E-RGCH, if used, is also 

transparent to legacy WTRUs since it uses different signature sequences for 

different WTRUs.  

[00421 Although the full performance benefits of the disclosed method are 

available in scenarios where all WTRUs on the carrier implement the invention, 

it is still possible to get benefits even if a fraction of WTRUs are legacy WTRUs 

or WTRUs transmitting more continuously at lower bit rates. In this case, 

different radio resource management methods are possible for the coexistence of 

these two types of WTRUs. Once disclosed method segregates the high bit rate 

WTRUs and the low bit rate (and legacy) WTRUs in time, thereby restricting the 

allowed HARQ processes of the WTRUs. Another disclosed method reserves a 

fraction of the total UL load for the low bit rates and legacy WTRUs, and limits 

the UL load used up by high bit rate WTRUs that use the slow power control 

mechanism.  

[0043] The above disclosed methods are applicable to WTRUs in the 

CellDch and CellFACH states. These methods have the advantage of reducing 

overhead and possibly allowing the serving Node-B to perform channel-sensitive 

scheduling; simplification of the E-TFC selection procedure (since the WTRU 

directly knows which E-TFC is achievable from the CQI transmitted by the Node

B); and reducing overhead due to E-DCH downlink control channels (e.g., E

AGCH, E-RGCH).  

[0044] Embodiments 

1. A method for scheduling transmission allocations comprising: 
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receiving control information from a wireless transmit receive unit 

(WTRU); and 

determining a non-persistent grant allocation for said WTRU based at 

least on said control information, wherein said non-persistent grant allocation is 

limited to a determined grant limit.  

2. The method of embodiment 1, wherein said grant limit is a certain 

time duration.  

3. The method as in any preceding embodiment, wherein said grant 

limit is a transmission of a limited number of packet data units.  

4. The method as in any preceding embodiment, wherein said control 

information comprises scheduling information.  

5. The method as in any preceding embodiment further comprising 

transmitting a Channel Quality Indicator (CQI) information to said WTRU at the 

time of scheduling.  

6. The method of embodiment 5 further comprising defining a physical 

channel for transmitting said CQI.  

7. The method of embodiment 6, wherein said physical channel is an 

enhanced access grant channel (E-AGCH).  

8. The method of embodiment 7, wherein said defining comprises 

replacing bits of said E-AGCH with the CQI information.  

9. The method of embodiment 8, wherein said five (5) bits are replaced.  

10. The method of embodiment 9, where in the remaining bits of said E

AGCH are used to signal whether said grant allocation is non-persistent.  

11. A method as in any of embodiments 1- 5 further comprising 

receiving from said WTRU a signal prior to receiving said control information.  

12. The method of embodiment 11, wherein said signal is a previous 

data transmission.  

13. The method of embodiment 11, wherein said signal is a special 

signal received at a defined power offset.  

14. The method of embodiment 13, wherein said signal includes 

information on the amount of data buffered in said WTRU.  
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15. A Node B for scheduling transmission allocations comprising: 

a receiver for receiving control information from a wireless transmit 

receive unit (WTRU); and 

a processor for determining a non-persistent grant allocation for said 

WTRU based at least on said control information, wherein said non-persistent 

grant allocation is limited to a determined allocation period.  

16. The Node B of embodiment 15, wherein said grant limit is a certain 

time duration.  

17. A Node B as in any preceding embodiment, wherein said grant limit 

is a transmission of a limited number of packet data units.  

18. A Node B as in any preceding embodiment, wherein said control 

information comprises scheduling information.  

19. A Node B as in any preceding embodiment further comprising 

transmitting a Channel Quality Indicator (CQI) information to said WTRU at the 

time of scheduling.  

20. The Node B of embodiment 19 further comprising defining a 

physical channel for transmitting said CQI.  

21. The Node B of embodiment 20, wherein said physical channel is an 

enhanced access grant channel (E-AGCH).  

22. The Node B of embodiment 21, wherein said defining comprises 

replacing bits of said E-AGCH with the CQI information.  

23. The Node B of embodiment 21, wherein said five (5) bits are 

replaced.  

24. The Node B of embodiment 23, where in the remaining bits of said 

E-AGCH are used to signal whether said grant allocation is non-persistent.  

25. The Node B of embodiment 19 further comprising receiving from 

said WTRU a signal prior to receiving said control information.  

26. The Node B of embodiment 25, wherein said signal is a previous 

data transmission.  

27. The Node B of embodiment 25, wherein said signal is a special 

signal received at a defined power offset.  
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28. The Node B of embodiment 27, wherein said signal includes 

information on the amount of data buffered in said WTRU.  

[0045] Although the features and elements are described in particular 

combinations, each feature or element can be used alone without the other 

features and elements or in various combinations with or without other features 

and elements. The methods or flow charts provided may be implemented in a 

computer program, software, or firmware tangibly embodied in a computer

readable storage medium for execution by a general purpose computer or a 

processor. Examples of computer-readable storage mediums include a read only 

memory (ROM), a random access memory (RAM), a register, cache memory, 

semiconductor memory devices, magnetic media such as internal hard disks and 

removable disks, magneto-optical media, and optical media such as CD-ROM 

disks, and digital versatile disks (DVDs).  

[0046] Suitable processors include, by way of example, a general purpose 

processor, a special purpose processor, a conventional processor, a digital signal 

processor (DSP), a plurality of microprocessors, one or more microprocessors in 

association with a DSP core, a controller, a microcontroller, Application Specific 

Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs) circuits, 

any other type of integrated circuit (IC), and/or a state machine.  

[0047] A processor in association with software may be used to implement 

a radio frequency transceiver for use in a wireless transmit receive unit (WTRU), 

user equipment (UE), terminal, base station, radio network controller (RNC), or 

any host computer. The WTRU may be used in conjunction with modules, 

implemented in hardware and/or software, such as a camera, a video camera 

module, a videophone, a speakerphone, a vibration device, a speaker, a 

microphone, a television transceiver, a hands free headset, a keyboard, a 

Bluetooth@ module, a frequency modulated (FM) radio unit, a liquid crystal 

display (LCD) display unit, an organic light-emitting diode (OLED) display unit, 

a digital music player, a media player, a video game player module, an Internet 

browser, and/or any wireless local area network (WLAN) module.  
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CLAIMS 

What is claimed is: 

1. A method for scheduling transmission allocations comprising: 

receiving control information from a wireless transmit receive unit 

(WTRU); and 

determining a non-persistent grant allocation for said WTRU based at 

least on said control information, wherein said non-persistent grant allocation is 

limited to a determined grant limit.  

2. The method of claim 1, wherein said grant limit is a certain time 

duration.  

3. The method of claim 1, wherein said grant limit is a transmission 

of a limited number of packet data units.  

4. The method of claim 1, wherein said control information 

comprises scheduling information.  

5. The method of claim 1 further comprising transmitting a 

Channel Quality Indicator (CQI) information to said WTRU at the time of 

scheduling.  

6. The method of claim 5 further comprising defining a physical 

channel for transmitting said CQI.  

7. The method of claim 6, wherein said physical channel is an 

enhanced access grant channel (E-AGCH).  

8. The method of claim 7, wherein said defining comprises replacing 

bits of said E-AGCH with the CQI information.  

9. The method of claim 8, wherein said five (5) bits are replaced.  
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10. The method of claim 9, where in the remaining bits of said E

AGCH are used to signal whether said grant allocation is non-persistent.  

11. The method of claim 5 further comprising receiving from said 

WTRU a signal prior to receiving said control information.  

12. The method of claim 11, wherein said signal is a previous data 

transmission.  

13. The method of claim 11, wherein said signal is a special signal 

received at a defined power offset.  

14. The method of claim 13, wherein said signal includes information 

on the amount of data buffered in said WTRU.  

15. A Node B for scheduling transmission allocations comprising: 

a receiver for receiving control information from a wireless transmit 

receive unit (WTRU); and 

a processor for determining a non-persistent grant allocation for said 

WTRU based at least on said control information, wherein said non-persistent 

grant allocation is limited to a determined allocation period.  

16. The Node B of claim 15, wherein said grant limit is a certain time 

duration.  

17. The Node B of claim 15, wherein said grant limit is a transmission 

of a limited number of packet data units.  

18. The Node B of claim 15, wherein said control information comprises 

scheduling information.  

19. The Node B of claim 15 further comprising transmitting a Channel 

Quality Indicator (CQI) information to said WTRU at the time of scheduling.  
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20. The Node B of claim 19 further comprising defining a physical 

channel for transmitting said CQI.  

21. The Node B of claim 20, wherein said physical channel is an 

enhanced access grant channel (E-AGCH).  

22. The Node B of claim 21, wherein said defining comprises replacing 

bits of said E-AGCH with the CQI information.  

23. The Node B of claim 21, wherein said five (5) bits are replaced.  

24. The Node B of claim 23, where in the remaining bits of said E

AGCH are used to signal whether said grant allocation is non-persistent.  

25. The Node B of claim 19 further comprising receiving from said 

WTRU a signal prior to receiving said control information.  

26. The Node B of claim 25, wherein said signal is a previous data 

transmission.  

27. The Node B of claim 25, wherein said signal is a special signal 

received at a defined power offset.  

28. The Node B of claim 27, wherein said signal includes information on 

the amount of data buffered in said WTRU.  
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