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METHOD AND BS FOR IDENTIFYING UE TRANSMITS SR, AND
METHOD AND UE FOR TRANSMITTING SR TO BS

TECHNICAL FIELD

The technology presented in this disclosure generally relates to radio
communication networks. More particularly, the present disclosure relates to a
method used in a Base Station (BS) for identifying that a User Equipment (UE)
transmits a Scheduling Request (SR) and an associated BS, and to a method
used in a UE for transmitting a SR to a BS and an associated UE.

BACKGROUND

This section is intended to provide a background to the various embodiments of
the technology described in this disclosure. The description in this section may
include concepts that could be pursued, but are not necessarily ones that have
been previously conceived or pursued. Therefore, unless otherwise indicated
herein, what is described in this section is not prior art to the description and/or
claims of this disclosure and is not admitted to be prior art by the mere inclusion in
this section.

In general, Examples of UpLink (UL) control signalling in mobile communications
systems may include Hybrid Automatic Repeat Request (HARQ)
Acknowledgments (also referred to as HARQ feedback, including ACK/NACK) for
DownLink (DL) data packets, Channel Quality Indicators (CQls), and MIMO
feedback (such as Rank Indicator (RI) or Precoding Matrix Indicator (PMI)) for DL
transmissions. Scheduling Requests (SRs) for UL transmissions also fall into this
category.

The mapping between the PUCCH format and the Uplink Control Information (UCI)
supported in LTE is shown in Table 1.
Table 1: Supported UCI formats on PUCCH
PUCCH Format Uplink Control Information (UCI)

Format 1 Scheduling request (SR) (unmodulated waveform)
Format 1a 1-bit HARQ ACK/NACK with/without SR
Format 1b 2-bit HARQ ACK/NACK with/without SR

Format 2 CQI (20 coded bits)
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Format 2a CQl and 1-bit HARQ ACK/NACK (20 + 1 coded bits)
Format 2b CQl and 2-bit HARQ ACK/NACK (20 + 2 coded bits)

In TDD-LTE UL, SR and HARQ acknowledgement are transmitted using PUCCH
1/1a/1b format, which are respectively located at different discontinuous physical
RB resources.

However, when multiplexing HARQ feedback and SR (also referred to HARQ&SR
multiplexing), due to the Single Carrier constraint which requests the UL
transmission must be carried on continuous RB resources, the SR and HARQ
must not be sent separately at their respective RB resources. Instead, only one
RB resource can be used for UL transmission, so one signal need be hidden
implicitly into the other one.

On one hand, each HARQ feedback is typically composed by one QPSK symbol,
which is equivalent to 2bits of information corresponding to two separate DL code
words. Hence, there is no extra more space to accommodate an indication for SR.

On the other hand, not only the HARQ feedback itself, but also the original HARQ
feedback position is actually the most important factor for BS to interpret the
HARQ feedback during bundling TTl window. Then, the existing solution of hiding
HARQ feedback into SR will result in information loss of the original HARQ
feedback position, thereby BS cannot guarantee correct interpretation of the
HARQ feedback regardless of how many Downlink Assignment Index (DAI)
indicators are added into downlink control information.

Then, one issue is how to carry SR information on the HARQ feedback without
losing HARQ feedback position and without breaking the single-carrier constraint
comes out.

CN102215595A discloses a method of multiplexing HARQ feedback and SR by
moving SR to HARQ feedback through the 4™ unused Walsh code under each ZC
sequence. However, the method described therein can’t be applied in the real
deployment due to the following defects:
- Only the 4™ Walsh code under each ZC sequence is allowed. So, when more
than one UE under a same ZC sequence need to send a SR simultaneously,
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the method only allows for one UE to use the unused Walsh code even if the
other Walsh codes are still unused.

- It lacks an effective method for BS to notify UE if the 4™ Walsh code can be
used or not. Once more than one UE under the same ZC sequence need to
send a SR simultaneously, all of the UEs will compete for the 4" Walsh code
simultaneously. This may result in confliction of HARQ feedbacks from
different UEs on the 4™ Walsh code.

SUMMARY
It is in view of the above considerations and others that the various embodiments
of the present technology have been made.

According to a first aspect of the present disclosure, there is proposed a method
used in a BS for identifying that a UE transmits a SR. The method includes a step
of determining a first Walsh code for the UE transmitting HARQ feedback based
on a Control Channel Element (CCE) index allocated to the UE. The method
further includes a step of transmitting to the UE an indication indicating a second
Walsh code for the UE transmitting the HARQ feedback. The second Walsh code
is different from the first Walsh code. The method further includes receiving the
HARQ feedback from the UE. Then the method further includes identifying that the
UE transmits the SR, if the received HARQ feedback uses the second Walsh
code.

Preferably, the method further includes a step of identifying that the UE does not
transmit the SR, if the received HARQ feedback uses the first Walsh code.

Preferably, the method further includes a step of selecting the second Walsh code
from one or more Walsh codes within the same Physical Resource Block (PRB) as
that of the first Walsh code. Said one or more Walsh codes are not occupied by
any UE’s HARQ feedback.

Preferably, the indication is transmitted in Downlink Control Information (DCI) for
the UE.

Preferably, before determining the first Walsh code, the method further comprises:
if two consecutive CCEs have been allocated to other two UEs, one or both of
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which are allowed to transmit a SR at the same UL subframe as the HARQ
feedback, allocating to the UE CCEs inconsecutive with the two consecutive
CCEs.

According to a second aspect of the present disclosure, there is proposed a
method used in a UE for transmitting a SR to a BS. The method includes a step of
determining a first Walsh code for transmitting HARQ feedback based on a CCE
index allocated to the UE. The method further includes a step of receiving from the
BS an indication indicating a second Walsh code for the UE transmitting the
HARQ feedback. The second Walsh code is different from the first Walsh code.
The method further includes a step of transmitting the HARQ feedback to the BS
using the second Walsh code to indicate that the UE transmits the SR.

Preferably, the method further includes a step of transmitting the HARQ feedback
to the BS using the first Walsh code to indicate that the UE does not transmit the
SR.

Preferably, the second Walsh code is selected from one or more Walsh codes
within the same PRB as that of the first Walsh code. Said one or more Walsh
codes are not occupied by any UE's HARQ feedback.

Preferably, the indication is received from the BS in DCI for the UE.

According to a third aspect of the present disclosure, there is proposed a BS for
identifying that a UE transmits a SR. The BS includes a determining unit, a
transmitting unit, a receiving unit, and an identifying unit. The determining unit is
configured to determine a first Walsh code for the UE transmitting Hybrid
Automatic Repeat Request (HARQ) feedback based on a Control Channel
Element (CCE) index allocated to the UE. The transmitting unit is configured to
transmit to the UE an indication indicating a second Walsh code for the UE
transmitting the HARQ feedback. The second Walsh code is different from the first
Walsh code. The receiving unit is configured to receive the HARQ feedback from
the UE. The identifying unit is configured to identify that the UE transmits the SR, if
the received HARQ feedback uses the second Walsh code.

According to a fourth aspect of the present disclosure, there is proposed a UE for
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transmitting a SR to a BS. The UE includes a determining unit, a receiving unit,
and a transmitting unit. The determining unit is configured to determine a first
Walsh code for transmitting HARQ feedback based on a CCE index allocated to
the UE. The receiving unit is configured to receive from the BS an indication
indicating a second Walsh code for the UE transmitting the HARQ feedback. The
second Walsh code is different from the first Walsh code. The transmitting unit is
configured to transmit the HARQ feedback to the BS using the second Walsh code
to indicate that the UE transmits the SR.

According to a fifth aspect of the present disclosure, there is proposed an
apparatus for identifying at a BS that a UE transmits a SR. The apparatus includes
a processor and a memory. The memory contains instructions executable by the
processor whereby the apparatus is operative to: determine a first Walsh code for
the UE transmitting HARQ feedback based on a CCE index allocated to the UE;
transmit to the UE an indication indicating a second Walsh code for the UE
transmitting the HARQ feedback, the second Walsh code being different from the
first Walsh code; receive the HARQ feedback from the UE, and identify that the UE
transmits the SR, if the received HARQ feedback uses the second Walsh code.

According to a sixth aspect of the present disclosure, there is proposed an
apparatus for transmitting a SR at a UE to a BS. The apparatus includes a
processor and a memory. The memory contains instructions executable by the
processor whereby the apparatus is operative to: determine a first Walsh code for
transmitting HARQ feedback based on a CCE index allocated to the UE; receive
from the BS an indication indicating a second Walsh code for the UE transmitting
the HARQ feedback, the second Walsh code being different from the first VWalsh
code; and transmit the HARQ feedback to the BS using the second Walsh code to
indicate that the UE transmits the SR.

According to the present disclosure, the UE adopts a Walsh code, which is
different from that determined for the UE transmitting HARQ feedback based on a
CCE index allocated to the UE, for transmitting the HARQ feedback to indicate
that the UE transmits a SR. Hence, the present disclosure may carry SR
information on the HARQ feedback without breaking the single-carrier constraint.

BRIEF DESCRIPTION OF THE DRAWINGS
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The foregoing and other features of this disclosure will become more fully
apparent from the following description and appended claims, taken in conjunction
with the accompanying drawings. Understanding that these drawings depict only
several embodiments in accordance with the disclosure and are, therefore, not to
be considered limiting of its scope, the disclosure will be described with additional
specificity and detail through use of the accompanying drawings.
Fig. 1 illustrates the existing HARQ feedback UL transmission mechanism.
Fig.2 shows a flowchart of a method 200 used in a BS for identifying that a
UE transmits a SR according to a first embodiment of the present
disclosure.
Fig.3 illustrates how to spread UEs’ SR positions on different UL
subframes.
Fig. 4 shows a flowchart of a method 400 used in a UE for transmitting a SR
to a BS according to a second embodiment of the present disclosure.
Fig.5 illustrates how UE1 transmits the SR in Example 1.
Fig.6 illustrates how UE1 and UE2 transmit their SRs in Example 2.
Fig.7 illustrates use of new CRC masks carrying WIS in parallel DCI blind
detection.
Fig. 8 shows an example of accuracy improving by using wider DAl range.
Fig. 9 is a block diagram of a BS 900 configured according to the present
disclosure.
Fig. 10 illustrates a BS 1000 according to the present disclosure.
Fig. 11 is a block diagram of a UE 1100 configured according to the present
disclosure.
Fig. 12 illustrates a UE 1200 according to the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically
identify similar components, unless context dictates otherwise. The illustrative
examples or embodiments described in the detailed description, drawings, and
claims are not meant to be limiting. Other examples or embodiments may be
utilized, and other changes may be made, without departing from the spirit or
scope of the subject matter presented here. It will be readily understood that
aspects of this disclosure, as generally described herein, and illustrated in the
figures, can be arranged, substituted, combined, and designed in a wide variety of
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different configurations, all of which are explicitly contemplated and make part of
this disclosure.

As used hereinafter, it should be appreciated the term UE may be referred to as a
mobile terminal, a terminal, a user terminal (UT), a wireless terminal, a wireless
communication device, a wireless transmit/receive unit WTRU), a mobile phone,
a cell phone, etc. Yet further, the term UE includes MTC (Machine Type
Communication) devices, which do not necessarily involve human interaction.
Also, the term “BS” as used herein may be referred to as a radio base station, a
NodeB or an evolved NodeB (eNB), access point, relay node, etcetera.

Control signalling from multiple UEs can be multiplexed into a single Physical
Uplink Control CHannel (PUCCH) region using orthogonal Code Division
Multiplexing (CDM). The PUCCH adopts CDM through different orthogonal
Zadoff-Chu (ZC) sequences and Walsh codes to multiplex different UES’
information into one PRB. Each ZC sequence can support up to 4 Walsh codes.
Each UE uses a unique Walsh code, which is derived according to the
corresponding CCE index, for transmitting its HARQ feedback.

Fig. 1 illustrates the existing HARQ feedback UL transmission mechanism about
the 12-size ZC sequence in frequency domain and the length-4 Walsh code in
time domain.

As shown in Fig. 1, it can be seen that the HARQ feedback is modulated on
12-size ZC sequence at frequency domain, which can provide up to 12 orthogonal
phase shifts. On each phase shift, it can hold at most 4 UEs’ HARQ feedbacks
independently by spreading frequency using length-4 Walsh code at time domain.
However, due to maximum 3 Demodulation Reference Signal (DMRS) symbols
limit in the middle, at most 3 UEs’ HARQ feedback can be multiplexed into one ZC
sequence.

Actually, not all Walsh codes are occupied in the real deployment. Instead, in most
cases, more than 50% Walsh codes are idle. In this way, those idle Walsh codes at
the same PRB as the original Walsh code derived from CCE index can also be
used by UE to carry more information.
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Table 2 shows a Walsh code definition as specified in the existing 3GPP
specification (by referring to 3GPP TS 36.213, Table 5.4.1-2)
Table 2: Walsh code definition

Sequence index Orthogonal sequences
e (1) [w(0) - wvEeH -]
0 [+1 +1 +1 +1]
1 [+1 -1 +1 1]
2 [+1 =1 -1 +1]
3 [+1 +1 -1 —1]

Hereunder, some embodiments will be explained in details on how to apply the idle
Walsh codes in HARQ&SR multiplexing at the BS side and the UE side,
respectively.

Fig. 2 shows a flowchart of a method 200 used in a BS for identifying that a UE
transmits a SR according to a first embodiment of the present disclosure.

At step S210, the BS determines a first Walsh code for the UE transmitting HARQ
feedback based on a CCE index allocated to the UE. In accordance with the
existing 3GPP specification, the first Walsh code may be derived according to the
starting CCE index of DL transmission, to which the HARQ feedback is directed.

Then, the BS may selects the second Walsh code from one or more Walsh codes
within the same PRB as that of the first Walsh code (not shown). Here, the one or
more Walsh codes are those not occupied by any UE’s HARQ feedback. This step
is optional, and it should be appreciated that the BS may obtain the second Walsh
code in any appropriate manners.

At step S220, the BS transmits to the UE an indication indicating a second Walsh
code for the UE transmitting the HARQ feedback. The second Walsh code is
different from the first Walsh code. As an example, the indication is transmitted in
DCI for the UE.

The indication here may be used to indicate an index of an unused Walsh code for
the UE transmitting the SR. The indicated Walsh code should be different from the
original Walsh code derived from CCE index.

8
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At step S230, the BS receives the HARQ feedback from the UE.

At step S240, the BS identifies that the UE transmits the SR, if the HARQ
feedback received at step S230 uses the second Walsh code.

The method 200 further includes an optional step $S250.

At step S250, the BS identifies that the UE does not transmit the SR, if the HARQ
feedback received at step S230 uses the first VWalsh code.

In according to the first embodiment, the BS instructs the UE to adopt a Walsh
code, which is different from that determined for the UE transmitting HARQ
feedback based on a CCE index allocated to the UE, for transmitting the HARQ
feedback to indicate that the UE transmits a SR. Thereby, SR information may be
carried on the HARQ feedback without breaking the single-carrier constraint.

Before step S210, the method 200 may optionally include a step of: if two
consecutive CCEs have been allocated to other two UEs, one or both of which are
allowed to transmit a SR at the same UL subframe as the HARQ feedback,
allocating to the UE CCEs inconsecutive with the two consecutive CCEs.

Since the HARQ feedback position is decided by the corresponding CCE index,
the BS may try best to spread UEs’ SR positions among different UL sub-frames,
so as to avoid more than one UE within the same ZC phase shift group have their
SR positions also configured at the same UL sub-frame.

Fig. 3 illustrates how to spread UEs' SR positions on different UL subframes.
Theoretically speaking, a specific ZC sequence shift in PUCCH 1a/1b can include
HARQ feedback of 3 UEs whose CCE indexes are at continuous addresses 3n,
3n+1 and 3n+2 as shown in Fig. 3. As well-known, for CCE level 2 or 4 or 8, since
the CCE index must be aligned to an even address, a specific ZC sequence shift
can only hold at most 2 UEs if one of them is at CCE level 2 or 4 or 8. In other
word, only when 3 UEs all adopt CCE level 1, they can be included in same ZC
sequence phase shift group.
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When the BS allocates SR resources for 3 UEs, the BS should try best to spread
them into different UL sub-frames if their CCE candidates of level 1 all fall into 3
consecutive addresses in Physical Downlink Control Channel (PDCCH).

For example, the BS may try best to meet the criteria: UEgr + UEgp <= Wy, at
CCE allocation. UEsg means the number of UEs within the same ZC phase shift
group, whose SR positions happen to meet with their HARQ feedback. UEg,
means the number of UEs within the same ZC shift group. Apparently, UEgg <=
UEgp <= 3. Wy means the maximum number of Walsh codes within one ZC
phase shift group, and may be set to 4 for both normal CP and extended CP.

With such a solution, the BS can control the PUCCH slot occupation on purpose
through allocating appropriate CCE position for each UE. In other words, the BS
can achieve sparse Walsh code allocation pattern by scattering UEs’ CCE within
PDCCH. In this way, those idle Walsh codes at the same PRB as the original
Walsh code derived from CCE index can also used by UEs to carry more
information.

Fig. 4 shows a flowchart of a method 400 used in a UE for transmitting a SR to a
BS according to a second embodiment of the present disclosure.

At step S410, the UE determines a first Walsh code for transmitting HARQ
feedback based on a CCE index allocated to the UE. In accordance with the
existing 3GPP specification, the first Walsh code may be derived according to the
starting CCE index of DL transmission, to which the HARQ feedback is directed.

At step S420, the UE receives from the BS an indication indicating a second
Walsh code for the UE transmitting the HARQ feedback. The second Walsh code
is different from the first Walsh code.

For example, the second Walsh code is selected from one or more Walsh codes
within the same PRB as that of the first Walsh code. Here, the one or more Valsh

codes are not occupied by any UE's HARQ feedback.

For example, the indication is received from the BS in DCI for the UE.

10
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At step S430, if the UE is to transmit the SR, the UE transmits the HARQ feedback
to the BS using the second Walsh code to indicate that the UE transmits the SR.

The method 400 further includes an optional step S440.

At step S440, if the UE is not to transmit the SR, the UE transmits the HARQ
feedback to the BS using the first Walsh code to indicate that the UE does not
transmit the SR.

In according to the second embodiment, the UE may adopt a Walsh code, which is
different from that determined for the UE transmitting HARQ feedback based on a
CCE index allocated to the UE, for transmitting the HARQ feedback to indicate
that the UE transmits a SR. Thereby, SR information may be carried on the HARQ
feedback without breaking the single-carrier constraint.

Hereunder, examples of multiplexing HARQ and SR will be explained in details by
employing 2 types of relationship between UEy, and UEsg on a basis of the Walsh

code definition as listed in Table 2.

Example 1 —Type 1/3 (UEgp =3, UEgr = 1)

This example relates to a scenario where 3 UEs (e.g., UE1, UE2Z, and UE3 in
Fig. 5) with adjacent CCE indexes are packed into same ZC sequence shift
group, and there is at most only one UE (e.g., UE1 in this example) having a
SR to transmit.

Fig. Sillustrates how UE1 transmits the SR in this example. As shown in Fig. 5,
UE1’s original HARQ position is at walsh00, and UE2 and UE3 have
respective original HARQ positions at Walsh01 and Walsh02, respectively.
The unused walsh03 is also allocated to UE1. Then, if UE1 has a SR to
transmit, UE1 may transmit its HARQ feedback using walsh03 instead of
walsh00. When receiving UE1's HARQ feedback on walsh(03, the BS will not
only get the HARQ feedback, but also identify that UE1 transmits the SR.

In this example, UE1 can indicate its SR to the BS by changing the Walsh
code for transmitting the HARQ feedback.

11
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Example 2 —Type 2/2 (UEgyp =2, UEgR = 2)

This example is related to a scenario where 2 UEs (e.g., UE1 and UE2 in Fig.
©) are packed into the same ZC sequence shift group, and these two UEs both
need to transmit SR.

Fig. 6 illustrates how UE1 and UE2 transmit their SRs in this example. As
shown in Fig. 6, UE1’s original HARQ position is at walsh00, and UE2’s
original HARQ position is at walsh01. Accordingly, UE1 will use walsh02
instead of the original walsh0O as the second Walsh code to transmit HARQ
feedback, and UE2 will use walsh03 instead of walsh01 as the second Walsh
code to transmit HARQ feedback. When receiving UE1’s HARQ feedback on
walsh02, the BS will not only get the HARQ feedback, but also identify that
UE1 transmits the SR. Similarly, when receiving UE2's HARQ feedback on
walsh03, the BS will not only get the HARQ feedback, but also identify that
UE2 transmits the SR.

In this example, both UE1 and UEZ2 can indicate their SRs to the BS by
changing respective Walsh codes for transmitting HARQ feedback.

Hereunder, exemplary signaling of the indication occurring in the first and second
embodiments will be illustrated in details.

In accordance with the present disclosure, WIS (Walsh code Index for SR
multiplexing) is added into DL DCI to signal the indication. Specifically, WIS is a
2bits indicator used to indicate to UE the index of the second Walsh code for
multiplexing of SR and HARQ feedback. However, simply adding 2 bits WIS into
DL DCI will increase a size of DCI, which will impact the successful rate of DCI
decoding at the UE side. To keep the same size of DCI, the present disclosure
may take another action to move DAI out of DCI. This may release 2 bits for WIS.

In TDD-LTE, the most DCI formats (DCI1A/1/2/2A...) include 2bits DAI used to
indicate the index of DL transmission during bundling window (by referring to
3GPP TS 36.212---860. “Evolved Universal Terrestrial Radio Access (E-UTRA);
Multiplexing and channel coding”). The existing 2bits DAl can only indicate at most

12
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4 DL transmissions during the bundling window. However, some TDD
configuration currently allows for more than 4 DL sub-frames during the bundling
window, which exceeds the 2bits DAI value range and introduces the ambiguous
interpretation of DAI at UE side.

To release DCI room for WIS and provide the broader value range the present
disclosure moves the 2bits of DAl from DCI into the higher bits of CRC mask.

Fig. 7 illustrates the use of new DAI-generating CRC masks in parallel DCI blind
detection using.

In accordance with the existing 3GPP specification, a 16bits CRC, which also
implicitly provides UE specific identification through masking with UE’s RNTI, is
appended to the end of DCI payload. Although 16bits RNTI theoretically can
support up to 65535 UEs per cell, the real site actually must not accommodate so
many UEs due to other limits, such as RB resources, eNB implementation
complexity, mutual interference, etc. Thus, the capacity per cell usually stays at
hundreds level, at most at thousands level, which means that the 16bits RNTI
actually exceeds the actual needs greatly.

As shown in Fig. 7, the RNTI mask length is shortened to release out some bits for
DAI. This can be implemented through careful UE RNTI allocation. Putting DAI in
higher bits of RNTI is due to CRC itself characteristics that the higher bits are more
robust to resist wrong payload bit interference compared with those lower bits.
From eNB perspective, the whole RNTI space (0-65535) is divided into several
groups, each having a fixed number of RNTIs. When UE performs random access,
eNB guarantees only one RNTI from each group assigned to UE.

After relocating to CRC mask, the DAl is no longer constrained by DCI room and
can get the more flexibility to adjust its size. Instead of the existing fixed 2bits, the
DAl size can be adjusted to 1, 2 or 3 bits based on TDD DL:UL configuration mode.
The following Table 3 shows a relationship between DAI size and TDD
configuration mode. The adjustable DAI as the higher bits together with UE RNTI
as the lower bits construct the whole 16bits CRC mask used for UE to uniquely
identify its own DCI.

13
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Table 3: Relationship between DAI size and TDD configuration mode

TDD configuration DA RNTI group RNTI number
mode size number per group
Mode 1 (3:2) 2 16384 4
Mode 2 (4:1) 2 16384 4
Mode 3 (7:3) 3 8192 8
Mode 4 (8:2) 3 8192 8
Mode 5 (9:1) 3 8192 8
Mode 6 (5:5) 1 32768 2

When UE receives the DCI, it hasn’t known the DAl in advance, so UE needs to try
all possible DAI values together with its own RNTI to construct complete CRC
masks to decode DCI as shown in Fig. 7. If CRC is matched, the correct DAl is just
recoghized and its own DCI is available. In the real implementation, due to the
independence among multiple possible DAls, the DCI decoding attempts based
on different DAI-generating CRC masks can be performed simultaneously, so the
total DCI blind decoding time still remains same as the existing solution.

Through fully utilizing the excess RNTI large space and adjustable RNTI grouping
mechanism, the present disclosure successfully hides DAl into CRC mask without
increasing total DCI blind detection time. Furthermore, after moving DAI from DCI
to CRC mask, the DAI size is no longer constrained by DCI size. So, DAl size can
be dynamically adjusted from 1-3 bits according to actual TDD configuration mode.
Hence, it can provide more accurate indication of DL transmission index than the
existing 3GPP standard.

The eNB sets the DAI of current DL transmission according to following Table 4
with DA size set by referring to 3GPP TS 26.213, Table 7.3-X.
Table 4. DAI value setting (DAl size: 3bits)

DAl field in RNTI Number of subframes
(MSB...LSB) with PDSCH transmission
000 Oor8
001 10r9
002 2
003 3
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004
005
006
007

~N | o g A

From the above Table 4, it can be clearly seen that the ambiguity of DAl is greatly
decreased compared with the existing solution and the DL transmission missing
can be more easily detected.

Fig. 8 shows an example of accuracy improvement by using wider DAI range.

As shown in Fig. 8, 4 DL sub-frames are missed. However, UE can't detect this
using the existing method in the prior art because the DAI behind the 4 DL
sub-frames still seems consecutive. Rather, the present disclosure may extend the
limit to 8. In this case, as long as no more than 8 DL sub-frames are lost, UE
always can reply correct HARQ feedback to eNB. Considering the very low
probability of consecutive 8 DL sub-frames missing, the 3bits DAl can almost
avoid the DAl ambiguity.

Fig. 9 is a block diagram of a BS 900 for identifying that a UE transmits a SR
according to a third embodiment of the present disclosure. In particular, the BS
900 may be configured to implement the method as illustrated in Fig. 2, or variants
thereof.

As shown, the BS 900 includes a receiver 910, which includes at least two
antennas and various other radio-frequency components (hot shown) and a
demodulator 912. The receiver 910 receives radio signals received from one or
more wireless BS, and processes the signals by using known radio processing
and signal processing technigues, to convert the received radio signals into digital
samples for processing circuits 930. The processing circuits 930 extract data from
signals received via the receiver 910 and generate information for transmission to
the UE via transmitter 920. Like the receiver 910 and the demodulator 912, the
transmitter 920 and modulator 922 use known radio processing and signal
processing components and techniques, typically according to one or more
telecommunications standards, and are configured to format digital data and
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generate and condition a radio signal, from that data, for transmission over the air.

The processing circuits 930 include one or several microprocessors 932, digital
signal processors, and the like, as well as other digital hardware 934 and memory
940. The memory 940, which may include one or several types of memory such as
read-only memory (ROM), random-access memory (RAM), cache memory, flash
memory devices, optical storage devices, etc., stores program code 942 for
executing one or more telecommunications and/or data communications protocols
and for carrying out one or more of the techniques for signaling SR
transmission-related information described herein. Memory 940 further stores
program data 944 as well as buffered traffic data received from UEs and from
network interface 950, and also stores various parameters, predetermined
threshold values, and/or other program data for controlling the general operation
of the BS 900.

In some embodiments, the processing circuits 930, using appropriate program
code 942 stored in the memory 940, are configured to implement one or more
methods or steps described above. Of course, not all of the steps of these
methods are necessarily performed in a single microprocessor or even in a single
module.

Fig. 10 presents a block diagram of a BS 1000 configured to carry out one or
several of the SR identifying techniques discussed herein according to the present
disclosure. The BS 1000 may have a physical configuration like that illustrated in
Fig. 9, and may be implemented as hardware, software or a combination of
hardware and software. In any case, however, the BS 1000 is configured to
implement at least four functions, which are pictured in Fig. 10 as a determining
unit 1010, a transmitting unit 1020, a receiving unit 1030, and an identifying unit
1040. For example, the determining unit 1010 and the identifying unit 1040 may be
embodied in the processing circuits 930 as shown in Fig. 9. Similarly, the
transmitting unit 1020 and the receiving unit 1030 may be embodied in the
transmitter 920 and the receiver 910 as shown in Fig. 9, respectively.

The determining unit 1010 determines a first Walsh code for the UE transmitting
HARQ feedback based on a CCE index allocated to the UE.
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The transmitting unit 1020 transmits to the UE an indication indicating a second
Walsh code for the UE transmitting the HARQ feedback. Herein, the second
Walsh code is different from the first VWWalsh code. For example, the transmitting
unit 1020 transmits the indication in DCI for the UE.

The receiving unit 1030 receives the HARQ feedback from the UE.

The identifying unit 1040 identifies that the UE transmits the SR, if the HARQ
feedback received by the receiving unit 1030 uses the second Walsh code.
Optionally, the identifying unit 1040 identifies that the UE does not transmit the SR,
if the received HARQ feedback uses the first Walsh code.

Optionally, the BS 1000 may further include a selecting unit 1050, which may be
embodied in, e.g., the processing circuits 930 as shown in Fig. 9. The selecting
unit 1050 selects the second Walsh code from one or more Walsh codes within the
same PRB as that of the first VWalsh code. Herein, the one or more Walsh codes
are those not occupied by any UE's HARQ feedback.

Optionally, the BS 1000 may further include an allocating unit 1060. For example,
the allocating unit 1060 may be embodied in the processing circuits 930 as shown
in Fig. 9. The allocating unit 1060 is configured to:
if two consecutive CCEs have been allocated to other two UEs, one or both
of which are allowed to transmit a SR at the same UL subframe as the
HARQ feedback, allocate to the UE CCEs inconsecutive with the two
consecutive CCEs.

Fig. 11 is a block diagram of a UE 1100 for transmitting a SR to a BS according to
a fourth embodiment of the present disclosure. In particular, UE 1100 may be
configured to participate in the method illustrated in Fig. 4, or variants thereof.

As shown, the UE 1100 includes a receiver 1110, which includes at least two
antennas and various like radio-frequency components (not shown) and a
demodulator 1112, The receiver 1110 receives radio signals received from one or
more BSs, and processes the signals by using known radio processing and signal
processing techniques, for the processor circuits 1130. The processing circuits
1130 extract data from signals received via the receiver 1110 and generate
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information for transmission to a corresponding eNB via the transmitter 1120. Like
the receiver 1110 and the demodulator 1112, the transmitter 1120 and the
modulator 1122 use known radio processing and signal processing components
and techniques, typically according to a particular telecommunications standard
such as LTE and LTE-A (Advanced), and are configured to format digital data and
generate and condition a radio signal for transmission over the air.

The processing circuits 1130 include one or several microprocessors 1132, digital
signal processors, and the like, as well as other digital hardware 1134 and memory
1140. The memory 1140, which includes one or several types of memory such as
read-only memory (ROM), random-access memory (RAM), cache memory, flash
memory devices, optical storage devices, etc., stores program code 1142 for
executing one or more telecommunications and/or data communications protocols
and for carrying out one or more of the techniques described herein. The memory
1140 further stores program data 1144, user data 1146 received from the BS and
to be transmitted to the BS, and also stores various parameters, pre-determined
threshold values, and/or other program data for controlling the operation of the UE
1100. The UE 1100 includes various other features that are not shown, in addition
to the battery circuits 1150 pictured in Fig. 11, these features, such as user
interface circuitry, positioning circuits, and the like, are well known to those skilled
in the art and are therefore not illustrated.

In various embodiments, the processing circuits 1130, using appropriate program
code 1142 stored in the memory 1140, are configured to implement one or more
methods or steps described above. Of course, not all of the steps of these
techniques are necessarily performed in a single microprocessor or evenin a
single module.

Thus, Fig. 12 presents a block diagram of a UE 1200 configured to carry out one
or several of the SR transmitting techniques described herein. The UE 1200 may
have a physical configuration like that illustrated in Fig. 11, and may be
implemented as hardware, software or a combination of hardware and software. In
any case, however, the UE 1200 is configured to implement at least three
functions, which are pictured in Fig. 12 as a determining unit 1210, a receiving unit
1220, and a transmitting unit 1230. For example, the determining unit 1210 may
be embodied in the processing circuits 1130 as shown in Fig. 11. Similarly, the
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receiving unit 1220 and the transmitting 1230 may be embodied in the receiver
1110 and the transmitter 1120 as shown in Fig. 11, respectively.

The determining unit 1210 determines a first Walsh code for transmitting HARQ
feedback based on a CCE index allocated to the UE.

The receiving unit 1220 receives from the BS an indication indicating a second
Walsh code for the UE transmitting the HARQ feedback. Herein, the second
Walsh code is different from the first Walsh code. For example, the receiving unit
1220 receives the indication from the BS in DCI for the UE.

For example, the second Walsh code is selected from one or more Walsh codes
within the same PRB as that of the first Walsh code. The one or more Walsh codes
here are those not occupied by any UE's HARQ feedback.

The transmitting unit 1230 transmits the HARQ feedback to the BS using the
second Walsh code to indicate that the UE transmits the SR. Optionally, the
transmitting 1230 transmits the HARQ feedback to the BS using the first Walsh
code to indicate that the UE does not transmit the SR.

It should be noted that two or more different units in this disclosure may be
logically or physically combined. For example, the determining unit 1010 and the
identifying unit 1040 may be combined as one single unit, e.g., the processing
circuits 930 in Fig. 9.

Although the present technology has been described above with reference to
specific embodiments, it is not intended to be limited to the specific form set forth
herein. For example, the embodiments presented herein are not limited to the
existing LTE system; rather they are equally applicable to new communication
standards defined in future. The technology is limited only by the accompanying
claims and other embodiments than the specific above are equally possible within
the scope of the appended claims. As used herein, the terms
“‘comprise/comprises” or “include/includes” do not exclude the presence of other
elements or steps. Furthermore, although individual features may be included in
different claims, these may possibly advantageously be combined, and the
inclusion of different claims does not imply that a combination of features is not
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feasible and/or advantageous. In addition, singular references do not exclude a
plurality. Finally, reference signs in the claims are provided merely as a clarifying
example and should not be construed as limiting the scope of the claims in any

way.
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WHAT IS CLAIMED IS:

1. A method used in a Base Station (BS) for identifying that a User
Equipment (UE) transmits a Scheduling Request (SR), comprising:

determining a first Walsh code for the UE transmitting Hybrid Automatic
Repeat Request (HARQ) feedback based on a Control Channel Element (CCE)
index allocated to the UE;

transmitting to the UE an indication indicating a second Walsh code for the
UE transmitting the HARQ feedback, the second Walsh code being different from
the first Walsh code;

receiving the HARQ feedback from the UE; and

identifying that the UE transmits the SR, if the received HARQ feedback
uses the second Walsh code.

2. The method according to claim 1, further comprising:
identifying that the UE does not transmit the SR, if the received HARQ
feedback uses the first Walsh code.

3. The method according to claim 1 or 2, further comprising:

selecting the second Walsh code from one or more Walsh codes within the
same Physical Resource Block (PRB) as that of the first Walsh code, said one or
more Walsh codes being not occupied by any UE’s HARQ feedback.

4. The method according to any of claims 1 to 3, wherein the indication is
transmitted in Downlink Control Information (DCI) for the UE.

9. The method according to any of claims 1 to 4, before determining the first
Walsh code, the method further comprises:

if two consecutive CCEs have been allocated to other two UEs, one or both
of which are allowed to transmit a SR at the same UL subframe as the HARQ
feedback, allocating to the UE CCEs inconsecutive with the two consecutive
CCEs.

6. A method used in a User Equipment (UE) for transmitting a Scheduling
Request (SR) to a Base Station (BS), comprising:
determining a first Walsh code for transmitting Hybrid Automatic Repeat
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Request (HARQ) feedback based on a Control Channel Element (CCE) index
allocated to the UE:

receiving from the BS an indication indicating a second Walsh code for the
UE transmitting the HARQ feedback, the second Walsh code being different from
the first Walsh code; and

transmitting the HARQ feedback to the BS using the second Walsh code to
indicate that the UE transmits the SR.

7. The method according to claim 6, further comprising:
transmitting the HARQ feedback to the BS using the first Walsh code to
indicate that the UE does not transmit the SR.

8. The method according to claim 6 or 7, wherein the second Walsh code is
selected from one or more Walsh codes within the same Physical Resource Block
(PRB) as that of the first Walsh code, said one or more Walsh codes being not
occupied by any UE's HARQ feedback.

9. The method according to any of claims 6 to 8, wherein the indication is
received from the BS in Downlink Control Information (DCI) for the UE.

10. A Base Station (BS) for identifying that a User Equipment (UE)
transmits a Scheduling Request (SR), comprising:

a determining unit configured to determine a first Walsh code for the UE
transmitting Hybrid Automatic Repeat Request (HARQ) feedback based on a
Control Channel Element (CCE) index allocated to the UE;

a transmitting unit configured to transmit to the UE an indication indicating a
second Walsh code for the UE transmitting the HARQ feedback, the second
Walsh code being different from the first Walsh code;

a receiving unit configured to receive the HARQ feedback from the UE; and

an identifying unit configured to identify that the UE transmits the SR, if the
received HARQ feedback uses the second Walsh code.

11. The BS according to claim 10, wherein, the identifying unit is further
configured to:

identify that the UE does not transmit the SR, if the received HARQ
feedback uses the first Walsh code.

22



WO 2014/183274 PCT/CN2013/075635

12. The BS according to claim 10 or 11, further comprising:

a selecting unit configured to select the second Walsh code from one or
more Walsh codes within the same Physical Resource Block (PRB) as that of the
first Walsh code, said one or more Walsh codes being not occupied by any UE’s
HARQ feedback.

13. The BS according to any of claims 10 to 12, wherein the transmitting
unit is configured to transmit the indication in Downlink Control Information (DCI)
for the UE.

14. The BS according to any of claims 10 to 13, further comprising an
allocating unit configured to:

if two consecutive CCEs have been allocated to other two UEs, one or both
of which are allowed to transmit a SR at the same UL subframe as the HARQ
feedback, allocate to the UE CCEs inconsecutive with the two consecutive CCEs.

15. A User Equipment (UE) for transmitting a Scheduling Request (SR) to a
Base Station (BS), comprising:

a determining unit configured to determine a first Walsh code for
transmitting Hybrid Automatic Repeat Request (HARQ) feedback based on a
Control Channel Element (CCE) index allocated to the UE,;

a receiving unit configured to receive from the BS an indication indicating a
second Walsh code for the UE transmitting the HARQ feedback, the second
Walsh code being different from the first Walsh code; and

a transmitting unit configured to transmit the HARQ feedback to the BS
using the second Walsh code to indicate that the UE transmits the SR.

16. The UE according to claim 15, wherein the transmitting unit is further
configured to transmit the HARQ feedback to the BS using the first \Walsh code to
indicate that the UE does not transmit the SR.

17. The UE according to claim 15 or 16, wherein the second Walsh code is
selected from one or more Walsh codes within the same Physical Resource Block
(PRB) as that of the first Walsh code, said one or more Walsh codes being not
occupied by any UE's HARQ feedback.
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18. The UE according to any of claims 15 to 17, wherein the receiving unit
is configured to receive the indication from the BS in Downlink Control Information
(DCI) for the UE.

24



PCT/CN2013/075635

1/8

WO 2014/183274

. BLIBHANS 8L ¢ -

[z s g | aa | iz | Qg | { g

' i
i b
¥ i
i i
] 1
i i
i i
1 1
' 10218 184y 52 Busseoosd sweg |
i i
i i
i '
1 t
¥ i
1 !
i !
i i

HIQUIAS WS GTYASHE BUO

HELD
HEJY

i

wewehnaousse DHY-PuaAy SHO OMg/SU0

| "Bi4

SUBSTITUTE SHEET (RULE 26)



WO 2014/183274

2/8

Fig. 2

DETERMINING FTRST WALSH _/_ S210
CODE

|

TRANSMITTING TO UE _/—SZZO
INDICATION INDICATING SECOND
WALSH CODE

|

5230
RECEIVING HARQ FEEDBACK _/_
FROM UL

FIRST WALSH

PCT/CN2013/075635

200

85230
f’

ARQ FEEDBAC
USING FIRST OR SECOND
WALSH CODE?

CODE

IDENTIFYING UE NOT
TRANSMIT SR

SECOND
WALSH CODE

8240
IDENTIFYING UE TRANSMITS SR _/_




WO 2014/183274

3/8

Fig. 3

PCT/CN2013/075635

SFO

SF1

SF2

SF3

SF4

T

SRTTI

T

SRTTI

|

SRTTI
OF UE1 OF UE2 OF UE3

- -
- -

CCE SPACE

3n 3nt+l1 3nt+2

N

3 ConTtINUOUS C'CES OF
LEVEL 1



WO 2014/183274 PCT/CN2013/075635

4/8

Fig. 4

DETERMINES FIRST WALSH _fS410 400

CODE [

|

RECEIVING FROM BASE STATION /—8420
INDICATTON INDICATING SECOND
WALSH CODE

S440
ya

UE T SMITTING TRANSMITTING HARQ
FEEDBACK USING FIRST
SR?
WALSH CODE
TRANSMITTING HARQ 5430
FEEDBACK SECOND WALSH f
CODE




WO 2014/183274 PCT/CN2013/075635

5/8
Fig. 5
IF UE1 Has SR
WAILSH WAISH
INDEX SEQUENCE
UE1
00 [+1+1 +1 +1] \
UE2 UE2
01 [+1 -1+1 1]
UE3 UE3
02 [+1-1-1+1] |
UE1IR
03 [+1+1 -1 -1]
Fig. 6
Ir UE1 Has SR,
WALSH WALSH AND UE2 Has SR
INDEX SEQUENCE
UE1
00 [+1 +1 +1 +1] L
UE2 || .
01 [+1 -1 +1 -1]
S 4 UE™
02 [+1-1-1+1]
‘| UE2R
03 [+1+1 -1 1]




WO 2014/183274

- — e

6/8
Fig. 7

Pavioap

CRC™

PCT/CN2013/075635

1/2/3bit 15/14/13bit

DAl RNTI __
_CRC Mask (16 bit).~~

RNTI (Low 13bit)

EXISTING
METHOD

PRESENT
INVENTION

DAI=2 DAI=3 DAI=4
®l\/HlSSING NIIlSSING MIlSSING NHlSSING

] ] ] ]
1 1 1
[ : :
DAI=2 DAI=3 DAI=4 DAI=5

MISSING MISSING MISSING MISSING
1 1 [ [

DAI=1

DETECT

MISSING DUE TO STILY ACK.
CONTINUOUS DAI

UE caN DETECT
MISSING DUE TC
DI1sCONTINUOUS DAI

NACK

Y A4 4 . 4




WO 2014/183274 PCT/CN2013/075635

7/8
Fig. 9
RECEIVER TRANSMITTER ;}S(’)
910 920
DEMOD MODULATOR
912 922
PROCESSING CIRCUITS 930
MICROPROCESSOR 932 OTHER I;I:S}TAL HW
- NETWORK
MEMORY 940 <—>» INTERFACE
— 950
PROGRAM PROGRAM
CODE DATA
942 944
Fig. 10
BS
1000
CAiTocxie T e .
: ! | SELECTING UNIT |
—
e 1060 . 1050 :
4 I _______ |
DETERMINING UNIT IDENTIFYING TRANSMITTING UNIT -
1010 » UNIT 1020 >
1040
t RECEIVING UNIT
1030




WO 2014/183274 PCT/CN2013/075635
8/8
Fig. 11
UE
RECEIVER TRANSMITTER 1100
1110 1120 rf—’/
DEMOD MODULATOR
1112 1122
PROCESSING CIRCUITS 1130
MICROPROCESSOR OTHER DIGITAL HW
1132 1134
BATTERY
MEMORY 1140 B > CI;‘fSUJTS
PROGRAM PROGRAM —
USER DATA
CoDE DATA 1146
1142 1144 —
Fig. 12
UE
1200

DETERMINING UNIT
1210

) 4

RECEIVING UNIT
1220

A 4

A

TRANSMITTING UNIT
1230




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2013/075635

A. CLASSIFICATION OF SUBJECT MATTER

HO04B 7/26 (2006.01) i
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: HO4B; HO4L; HO4W; H04Q; HO4M

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT, CNKI, WPI, EPODOC: scheduling, request, identif+, Walsh, HARQ), feedback, ACK, NACK

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

[document

[whole document

[document

(12.10.2011) the whole document

A WO 2009022866 Al (LG ELECTRONICS INC.) 19 February 2009 (19.02.2009) the whole

A WO 2010060455 A1 (NOKIA SIEMENS NETWORKS OY) 03 June 2010 (03.06.2010) the

A WO 2009045026 A2 (LG ELECTRONICS INC.) 09 April 2009 (09.04.2009) the whole

A CN 102215595 A (BEIJING SAMSUNG TELECOM R&D CENTER et al.) 12 October 2011

[ Further documents are listed in the continuation of Box C.

X See patent family annex.

* Special categories of cited documents:
“A” document defining the general state of the art which is not

considered to be of particular relevance

“E” earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim (S) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or
other means

“P”  document published prior to the international filing date

but later than the priority date claimed

“T” later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

“X” document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to involve
an inventive step when the document is taken alone

“Y” document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious to a person

skilled in the art

“& ”document member of the same patent family

Date of the actual completion of the international search
21 January 2014 (21.01.2014)

Date of mailing of the international search report

27 Feb. 2014 (27.02.2014)

[Name and mailing address of the ISA/CN

The State Intellectual Property Office, the P.R.China

6 Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, China
100088

Facsimile No. 86-10-62019451

Authorized officer
LEI Yongjun
Telephone No. (86-10)62413442

Form PCT/ISA /210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2013/075635
Patent ]?ocuments referred Publication Date Patent Family Publication Date
in the Report

WO 2009022866 A1l 19.02.2009 KR 20090017394 A 18.02.2009
US 2011216713 Al 08.09.2011
WO 2010060455 A1 03.06.2010 US 2011211546 Al 01.09.2011
EP 2353320 Al 10.08.2011
WO 2009045026 A2 09.04.2009 KR 20090034051 A 07.04.2009
US 2010208672 Al 19.08.2010
CN 102215595 A 12.10.2011 WO 2011126320 A2 13.10.2011
KR 20110112777 A 13.10.2011
JP 2013527664 A 27.06.2013
US 2013016707 Al 17.01.2013
EP 2556610 A2 13.02.2013

Form PCT/ISA /210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report

