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CONTROL CHANNEL DESIGN FOR V2X COMMUNICATION

TECHNICAL FIELD

This disclosure relates generally to wireless communications, and, more particularly, to methods

and apparatus for the control channel design for V2X communications.

BACKGROUND

In 5G new radio, V2X sidelink(SL) communication may be supported by the unicast, groupcast
and broadcast communications. However, there are several issues to be addressed for control

channels considering the complexity, channel sensing and flexibility.

SUMMARY

This disclosure relates generally to wireless communications, and, more particularly, to methods
and apparatus for the control channel design for V2X communications.

Since unicast, groupcast, and broadcast have very different characteristics, content of SCI
should be tailored for each traffic type. All traffic types can occur simultaneously as a time, so an
indicator of SCI format should be introduced to NR V2X.

The physical layer of LTE V2X only supports broadcast and the destinations cannot be
identified in the physical layer. Since NR V2X would support unicast and groupcast in the physical
layer, it is desirable that only the intended UEs decode PSSCH. The unintended UEs can power
down for the rest of TTI. Such requirement can be fulfilled by conveying destination ID in SCI.

Conveying destination ID in SCI is straightforward but increases control overhead. By contrast,
UE-specific RNTI (for unicast) and group RNTI (for groupcast) can be RRC configured and do not
occupy control resource. However, CRC scrambling by RNTI has the issue that other UEs cannot
decode PSCCH and thus has no knowledge about the resource allocation of PSSCH. For autonomous
resource selection, which will be supported in NR V2X, it is important to learn the resource locations
occupied by other UEs.

To resolve the drawbacks of the mentioned two solutions, the two-stage SCI can be used as
such: SCI is split into two parts, where SCI part 1 (1* SCI) may include the location of time-

frequency resource used by PSSCH, resource reservation, priority, destination UE/group ID and SCI
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part 2 (2" SCI) contains the rest of SCIL the 1% SCI and then 2" SCI are encoded separately. No
CRC scrambling is performed on the 1* SCI so that all UEs can decode the 1* SCI for sensing
purpose. Besides, the destination ID included in 1* SCI can indicate the intended receiver so that the
unintended receivers can avoid 2" SCI decoding. The 2™ SCI can be CRC scrambled by source
UE/group ID (or UE-specific/group RNTI) so that only the intended UEs can learn the 2™ SCI and
further decode PSSCH. The 1% SCI is carried by PSCCH and the 2™ SCI can be either piggybacked
on PSSCH or carried in PSCCH.

One more benefit for 2-stage SCI against single SCI is the coverage enhancement due to the
smaller SCI size. As shown in Table 1, the single SCI will require up to 104 bits including 24 bits of
CRC, whereas the 2-stage SCI will require up to 60 bits for the first SCI and 44 bits for the 2" SCI
including CRC bits. In total, there is no increase on the information bits for 2-stage SCI compared to
single SCI because of saving from source ID carried implicitly by CRC scrambling in 2™ SCI. To be
noted, in LTE V2X the SCI format 1 with 48 bits is applied for LTE V2X which is much smaller
than the estimated single SCI payload size. So the large payload size for the single SCI may cause

the worse (coverage) performance compared to LTE V2X, which is not desirable.

Table 1. Overhead for Single SCI vs. 2-Stage SCI (example)

Single SCI vs. 2-stage SCI
Single 2-stage SCI
Parameters SCI 1t SCI | 2nd SCI
24

SRCID 24 0 (CRC scramb(led§
Dest ID (up to 24) ' 24 24 0
Other SCI payload” 32 12 20
CRC bits (for NR DCI) 24 24 24
sub-total 104 60 44
Total 104 104
Note:
1. 16 or 24 bits are assumed for L2 Dest ID as defined in TS36.321.
2. 32 bits are assumed based on LTE V2X SCI format 1.

The simulation results for SCI based on 60 bits (1* SCI), 42 bits (2nd SCI) and 104bits (single
SCI) including 24 bits CRC are provided in Table 2 to show the performance enhancement between
the 2-stage SCI and single SCI with different aggregation level. It can be noted that at least 2~7dB
gain can be achieved by 2-stage SCI. The simulation assumptions are provided in the appendix. The

practical gain may also depend on the size of the other SCI payload, and the aggregation levels.
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Table 2. Performance gain of 2-stage SCI vs. Single SCI

MM TDL-C DS=30ns TDL-C DS=300ns

2-stage vs 2-stage vs

Ist 2nd Single Single SCI Ist 2nd | Single Single SCI

Aggregat | SCI SCI SCI Gain (dB) SCI SCI SCI Gain (dB)
ion Level | (60bi | (~44bi | (104bit | 1st 2nd (60bi | (~44bi | (104bi | 1st 2nd
ts) ts) s) SCI SCI ts) ts) ts) SCI SCI

gain | gain gain gain
AL2 3.5 1.3 8.2 4.7 6.9 4.5 1.6 8.8 4.3 7.2
AL4 -1.5 -3.2 1.2 2.7 44 -2.2 -4.1 0.5 2.7 4.6
ALS -4.6 -5.9 -2.3 2.3 3.6 -5.8 -7.2 -3.5 2.3 3.7
AL16 -6.8 -8.1 -4.8 2 3.3 -8.4 -9.7 -6.5 1.9 3.2

Table 3. the equal split of 1% SCI and 2" SCI

source ID to reduce the total overhead.

Alternatively, the split on the information between the 1% SCI and the 2" SCI can be illustrated
in Table 3 as below. The purpose is to have the equal size between the 1% SCI and the 2" SCI by
using one format indicator for differentiation between 1™ SCI and 2" SCI. In this case, both the

source ID and the destination ID may be carried in the 2" SCI with CRC scrambled by Dest and/or

In particular, if the single SCI is used for broadcast transmission without dest 1D, the size can be
reduced. So it could be possible to share the same SCI size for the single SCI, the 1% SCI and the 2™
SCI but with the different information fields by using the reserved bits in each format to achieve the
same size. In this case, 2 bits of format indicator may be introduced in SCI to differentiate whether it

is 1™ SCI (broadcast), 2" SCI or single SCI.

Single SCI vs. 2-stage SCI

. 2-stage SCI
P t 1 1
arameters Single SC 15t SCT >nd SCI

Format indicator 0 1 1
SRCID 24 0 24

0
Dest ID (16 or 24) 24 0 (CRC scrambled)
Other SCI payload 32 28 4
CRC 24 24 24
sub-total (bits) 104 53 53
Total (bits) 104 106
Note:

1. 32 bits for SCI payload are assumed based on LTE V2X

As one embodiment, both the 1* SCI and single SCI can be supported by having the same SCI
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size with the different information fields (but the different size than the 2" SCI). An indicator can be
introduced to differentiate whether it is the first SCI or the single SCI. Besides, if the 2-stage SCI is
only used for the unicast/groupcast communication whereas single SCI is used for broadcast
communication, then an indicator can indicate whether it is unicast/groupcast or broadcast and
implicitly determine the corresponding SCI format (single SCI or 2-stage SCI).

As another embodiment, the same information fields are used for the 1* SCI and single SCI by
having an indicator for the presence of the 2™ SCI to differentiate the single SCI and 2-stage SCL
For example, the 1st SCI carries the format indicator, time-frequency resource allocation, priority
information, resource reservation, time gap between initial tx and retx, or MCS, etc. The 2nd SCI
carries Source ID, RV, new data indicator, HARQ process number, or Dest ID, etc. the format
indicator to indicate whether there is the 2" SCI. To share the same size for 1* SCI and single SCI
(mainly for broadcast), CRC in the 2" SCI can be scrambled by Dest ID rather than in the 1% SCL. In
this case, all UEs should decode 1st SCI. Only the unicast/groupcast UEs have to decode 2nd SCI
and broadcast UEs need not to decode the 2™ SCI.

As one embodiment, the 2™ SCI in 2-SCI can be implemented similarly to E-PDCCH in LTE
by occupying the time/frequency resources as the data channel (PDSCH) resources. The 2™ SCI can
be transmitted together with the data channel without occupying the dedicated control channel
resources.

As one embodiment, for the 2-stage SCI, the first SCI can have the fixed size, the aggregation
level and the pre-defined time/frequency location(s) via broadcast transmission to be sensed by all
UEs without any blind detection for decoding. The 2™ SCI can have the fixed size but the adaptive
aggregation levels for control channel link adaption in the unicast/groupcast links. To avoid blind
detection for 2™ SCI decoding, the adaptive aggregation level (and/or the time/frequency location)
can be indicated by first SCI to avoid any blind detection. However, the single SCI solution may
have a tradeoff between the link adaption and blind decoding complexity so that it can’t have the
both benefits as 2-stage SCI.

As one embodiment, for scheduling of 2-stage and single SCI, both same-slot (same-symbol or
cross-symbol) and cross-slot scheduling can be supported. The purpose of the cross-slot scheduling
is to ensure the other UEs can have the sufficient time to decode SCI for sensing and apply the
results for resource selection. For the same-slot scheduling, it may be beneficial to reduce the
transmission latency but with the drawback that the other UEs can’t have the enough time to decode
SCI (for cross-symbol same-slot scheduling, it may depend on UE hardware processing capability)
and apply the sensing results especially for the aperiodic traffic case. In case of presence of both the

same-slot and cross-slot scheduling, it is beneficial to differentiate them by have some indicators



10

15

20

25

30

WO 2020/168452 PCT/CN2019/075362

carried in DMRS to avoid any control channel decoding. For example, the initialization value for
DMRS sequence generation can be a function of the indicator(s) for indication of the same-slot (even
differentiation for the same-symbol or cross-symbol scheduling) or cross-slot scheduling. It may also
imply or indicate the processing time requirement to apply the sensing results for UE. By detecting
the DMRS to obtain the feasibility indicator, UE can know whether the decoded SCI results is
feasible to be applied for resource selection according to its own processing capability. If not feasible,
it will give up decoding of such SCI for power and computing resource saving. If feasible, it will
further decode such SCI for the sensing results.

As one embodiment, 2-stagge SCI can be used to enable interference cancellation at UE. For
example, the port information (the port number and/or the number of port) and/or DMRS pattern
information can be carried in the SCI (e.g., 1st SCI or single SCI). UE can decode the 1% SCI (of the
other UEs) to know whether/how to do the channel estimation for its own channel via the
cancellation of the other transmissions. Furthermore, the MCS information can be used for data part
interference cancellation.

As one embodiment, the single SCI may be used for broadcast communication with a common
RNTTI or L1-ID for identification, whereas the 2-stage SCI may be used for the unicast/groupcast
communication with its own L1-ID or RNTI for differentiation. Whether to use the L1-ID or RNTI

may depend on whether UEs are in the coverage or out-of-coverage.

BRIEF DESCRIPTION OF DRAWINGS

The invention can be more fully understood by reading the subsequent detailed description and
examples with references made to the accompanying drawings, wherein:

Fig.1 shows that the 1* SCI in PSCCH can schedule the data channel (PSSCH) and/or the 1%
SCI in PSCCH by cross-symbol scheduling in the same slot.

Fig.2 shows that the 1* SCI in PSCCH can schedule the data channel (PSSCH) and/or the 1%
SCI in PSCCH by cross-slot scheduling.

FIG. 3 shows an exemplary block diagram of a UE (a.k.a device) according to an embodiment

of the disclosure.

DETAILED DESCRIPTION

Certain terms are used throughout the description and following claims to refer to particular

components. As one skilled in the art will appreciate, manufacturers may refer to a component by
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different names. This document does not intend to distinguish between components that differ in
name but not function. In the following description and in the claims, the terms "include" and
"comprise” are used in an open-ended fashion, and thus should be interpreted to mean "include, but
not limited to ...". Also, the term "couple” is intended to mean either an indirect or direct electrical
connection. Accordingly, if one device is coupled to another device, that connection may be through
a direct electrical connection, or through an indirect electrical connection via other devices and
connections. The making and using of the embodiments of the disclosure are discussed in detail
below. It should be appreciated, however, that the embodiments can be embodied in a wide variety
of specific contexts. The specific embodiments discussed are merely illustrative, and do not limit the
scope of the disclosure. Some variations of the embodiments are described. Throughout the various
views and illustrative embodiments, like reference numbers are used to designate like elements.

The following description is of the best-contemplated mode of carrying out the invention. This
description is made for the purpose of illustrating the general principles of the invention and should
not be taken in a limiting sense. Note that the 3GPP specifications described herein are used to teach
the spirit of the invention, and the invention is not limited thereto.

Since unicast, groupcast, and broadcast have very different characteristics, content of SCI
should be tailored for each traffic type. All traffic types can occur simultaneously as a time, so an
indicator of SCI format should be introduced to NR V2X.

The physical layer of LTE V2X only supports broadcast and the destinations cannot be
identified in the physical layer. Since NR V2X would support unicast and groupcast in the physical
layer, it is desirable that only the intended UEs decode PSSCH. The unintended UEs can power
down for the rest of TTI. Such requirement can be fulfilled by conveying destination ID in SCI.

Conveying destination ID in SCI is straightforward but increases control overhead. By contrast,
UE-specific RNTI (for unicast) and group RNTI (for groupcast) can be RRC configured and do not
occupy control resource. However, CRC scrambling by RNTI has the issue that other UEs cannot
decode PSCCH and thus has no knowledge about the resource allocation of PSSCH. For autonomous
resource selection, which will be supported in NR V2X, it is important to learn the resource locations
occupied by other UEs.

To resolve the drawbacks of the mentioned two solutions, the two-stage SCI can be used as
such: SCI is split into two parts, where SCI part 1 (1* SCI) may include the location of time-
frequency resource used by PSSCH, resource reservation, priority, destination UE/group ID and SCI
part 2 (2" SCI) contains the rest of SCIL the 1% SCI and then 2" SCI are encoded separately. No
CRC scrambling is performed on the 1* SCI so that all UEs can decode the 1* SCI for sensing

purpose. Besides, the destination ID included in 1* SCI can indicate the intended receiver so that the
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unintended receivers can avoid 2" SCI decoding. The 2™ SCI can be CRC scrambled by source
UE/group ID (or UE-specific/group RNTI) so that only the intended UEs can learn the 2™ SCI and
further decode PSSCH. The 1% SCI is carried by PSCCH and the 2™ SCI can be either piggybacked
on PSSCH or carried in PSCCH (by sharing the same time/frequency resources as data channel).

Alternatively, the split on the information between the 1% SCI and the 2" SCI can be illustrated
in Table 2 as below. The purpose is to have the equal size between the 1% SCI and the 2" SCI by
using one format indicator for differentiation between 1% SCI and 2™ SCI. In this case, both the
source ID and the destination ID may be carried in the 2" SCI with CRC scrambled by Dest and/or
source ID to reduce the total overhead.

In particular, if the single SCI is used for broadcast transmission without dest 1D, the size can be
reduced. So it could be possible to share the same SCI size for the single SCI, the 1% SCI and the 2™
SCI but with the different information fields by using the reserved bits in each format to achieve the
same size. In this case, 2 bits of format indicator may be introduced in SCI to differentiate whether it
is 1™ SCI (broadcast), 2" SCI or single SCI.

As one embodiment, both the 1* SCI and single SCI can be supported by having the same SCI
size with the different information fields (but the different size than the 2" SCI). An indicator can be
introduced to differentiate whether it is the first SCI or the single SCI. Besides, if the 2-stage SCI is
only used for the unicast/groupcast communication whereas single SCI is used for broadcast
communication, then an indicator can indicate whether it is unicast/groupcast or broadcast and
implicitly determine the corresponding SCI format (single SCI or 2-stage SCI).

As another embodiment, the same information fields are used for the 1* SCI and single SCI by
having an indicator for the presence of the 2" SCI to differentiate the single SCI and 2-stage SCI.
For example, the 1st SCI carries the format indicator, time-frequency resource allocation, priority
information, resource reservation, time gap between initial tx and retx, or MCS, etc. The 2nd SCI
carries Source ID, RV, new data indicator, HARQ process number, or Dest ID, etc. the format
indicator to indicate whether there is the 2" SCI. To share the same size for 1* SCI and single SCI
(mainly for broadcast), CRC in the 2" SCI can be scrambled by Dest ID rather than in the 1% SCL. In
this case, all UEs should decode 1st SCI. Only the unicast/groupcast UEs have to decode 2nd SCI
and broadcast UEs need not to decode the 2™ SCI.

As one embodiment, the 2™ SCI in 2-SCI can be implemented similarly to E-PDCCH in LTE
by occupying the time/frequency resources as the data channel (PDSCH) resources. The 2™ SCI can
be transmitted together with the data channel without occupying the dedicated control channel
resources.

As one embodiment, for the 2-stage SCI, the first SCI can have the fixed size, the aggregation
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level and the pre-defined time/frequency location(s) via broadcast transmission to be sensed by all
UEs without any blind detection for decoding. The 2™ SCI can have the fixed size but the adaptive
aggregation levels for control channel link adaption in the unicast/groupcast links. To avoid blind
detection for 2™ SCI decoding, the adaptive aggregation level (and/or the time/frequency location)
can be indicated by first SCI to avoid any blind detection. However, the single SCI solution may
have a tradeoff between the link adaption and blind decoding complexity so that it can’t have the
both benefits as 2-stage SCI.

As one embodiment, for scheduling of 2-stage and single SCI, both same-slot (same-symbol or
cross-symbol) and cross-slot scheduling can be supported. The purpose of the cross-slot scheduling
is to ensure the other UEs can have the sufficient time to decode SCI for sensing and apply the
results for resource selection. For the same-slot scheduling, it may be beneficial to reduce the
transmission latency but with the drawback that the other UEs can’t have the enough time to decode
SCI (for cross-symbol same-slot scheduling, it may depend on UE hardware processing capability)
and apply the sensing results especially for the aperiodic traffic case. In case of presence of both the
same-slot and cross-slot scheduling, it is beneficial to differentiate them by have some indicators
carried in DMRS to avoid any control channel decoding. For example, the initialization value for
DMRS sequence generation can be a function of the indicator(s) for indication of the same-slot (even
differentiation for the same-symbol or cross-symbol scheduling) or cross-slot scheduling. It may also
imply or indicate the processing time requirement to apply the sensing results for UE. By detecting
the DMRS to obtain the feasibility indicator, UE can know whether the decoded SCI results is
feasible to be applied for resource selection according to its own processing capability. If not feasible,
it will give up decoding of such SCI for power and computing resource saving. If feasible, it will
further decode such SCI for the sensing results.

As one embodiment, 2-stagge SCI can be used to enable interference cancellation at UE. For
example, the port information (the port number and/or the number of port) and/or DMRS pattern
information can be carried in the SCI (e.g., 1st SCI or single SCI). UE can decode the 1% SCI (of the
other UEs) to know whether/how to do the channel estimation for its own channel via the
cancellation of the other transmissions. Furthermore, the MCS information can be used for data part
interference cancellation.

As one embodiment, the single SCI may be used for broadcast communication with a common
RNTTI or L1-ID for identification, whereas the 2-stage SCI may be used for the unicast/groupcast
communication with its own L1-ID or RNTI for differentiation. Whether to use the L1-ID or RNTI
may depend on whether UEs are in the coverage or out-of-coverage.

Fig.1 shows that the 1* SCI in PSCCH can schedule the data channel (PSSCH) and/or the 1%
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SCI in PSCCH by cross-symbol scheduling in the same slot. The 1% SCI can carry the time-
frequency location of the data channel (and the aggregation level/time-frequency location for the
associated 2" SCI). The time gap between the 1% SCI and PSSCH/2™ SCI are one or a few symbols.
Based on the SCI decoding results in the same slot, the other UEs can determine whether/how to do
the resource selection in the remaining symbols of the slot. It is also possible to have no gap in
between. However, it may not be feasible for other UEs to use the sensing results for resource
selection.

Fig.2 shows that the 1* SCI in PSCCH can schedule the data channel (PSSCH) and/or the 1%
SCI in PSCCH by cross-slot scheduling. In this case, the other UEs can decode this SCI of the UE at
slot N and determine whether/how to do the resource selection based on the sensing results (SCI
decoding results) in slot N+X.

If the resources scheduled by 1** SCI are a group of resources or resource following a pattern,
the other UEs may do the resource selection according to such resource pool or pattern.

Whether/how to use the 2-stage SCI or the single SCI can be up to network configuration or
pre-configuration at UE (e.g., UICC). Switching between 2-stage SCI and single SCI can be
supported by RRC, MAC and/or physical layer signaling.

Fig. 3 shows an exemplary block diagram of a UE 800 according to an embodiment of the
disclosure. The UE 800 can be configured to implement various embodiments of the disclosure
described herein. The UE 800 can include a processor 810, a memory 820, and a radio frequency
(RF) module 830 that are coupled together as shown in Fig. 8. In different examples, the UE 800 can
be a mobile phone, a tablet computer, a desktop computer, a vehicle carried device, and the like.

The processor 810 can be configured to perform various functions of the UE 120 described
above with reference to Figs. la-1b. The processor 810 can include signal processing circuitry to
process received or to be transmitted data according to communication protocols specified in, for
example, LTE and NR standards. Additionally, the processor 810 may execute program instructions,
for example, stored in the memory 820, to perform functions related with different communication
protocols.  The processor 810 can be implemented with suitable hardware, software, or a
combination thereof. For example, the processor 8§10 can be implemented with application specific
integrated circuits (ASIC), field programmable gate arrays (FPGA), and the like, that includes
circuitry. The circuitry can be configured to perform various functions of the processor §10.

In one example, the memory 820 can store program instructions that, when executed by the
processor 810, cause the processor 810 to perform various functions as described herein. The
memory 820 can include a read only memory (ROM), a random access memory (RAM), a flash

memory, a solid state memory, a hard disk drive, and the like.
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The RF module 830 can be configured to receive a digital signal from the processor 810 and
accordingly transmit a signal to a base station in a wireless communication network via an antenna
840. In addition, the RF module 830 can be configured to receive a wireless signal from a base
station and accordingly generate a digital signal which is provided to the processor 8§810. The RF
module 830 can include digital to analog/analog to digital converters (DAC/ADC), frequency
down/up converters, filters, and amplifiers for reception and transmission operations. For example,
the RF module 830 can include converter circuits, filter circuits, amplification circuits, and the like,
for processing signals on different carriers or bandwidth parts.

The UE 800 can optionally include other components, such as input and output devices,
additional CPU or signal processing circuitry, and the like. Accordingly, the UE 800 may be capable
of performing other additional functions, such as executing application programs, and processing
alternative communication protocols.

The processes and functions described herein can be implemented as a computer program which,
when executed by one or more processors, can cause the one or more processors to perform the
respective processes and functions. The computer program may be stored or distributed on a suitable
medium, such as an optical storage medium or a solid-state medium supplied together with, or as part
of, other hardware. The computer program may also be distributed in other forms, such as via the
Internet or other wired or wireless telecommunication systems. For example, the computer program
can be obtained and loaded into an apparatus, including obtaining the computer program through
physical medium or distributed system, including, for example, from a server connected to the
Internet.

The computer program may be accessible from a computer-readable medium providing
program instructions for use by or in connection with a computer or any instruction execution system.
A computer readable medium may include any apparatus that stores, communicates, propagates, or
transports the computer program for use by or in connection with an instruction execution system,
apparatus, or device. The computer-readable medium can be magnetic, optical, electronic,
electromagnetic, infrared, or semiconductor system (or apparatus or device) or a propagation
medium. The computer-readable medium may include a computer-readable non-transitory storage
medium such as a semiconductor or solid state memory, magnetic tape, a removable computer
diskette, a random access memory (RAM), a read-only memory (ROM), a magnetic disk and an
optical disk, and the like. The computer-readable non-transitory storage medium can include all
types of computer readable medium, including magnetic storage medium, optical storage medium,
flash medium and solid state storage medium.

While aspects of the present disclosure have been described in conjunction with the specific

10
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embodiments thereof that are proposed as examples, alternatives, modifications, and variations to the
examples may be made. Accordingly, embodiments as set forth herein are intended to be illustrative
and not limiting. There are changes that may be made without departing from the scope of the

claims set forth below.
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CLAIMS

1. A method, comprising:

receiving a configuration or pre-configuration for 2-stage SCI;

performing 1% SCI decoding;

performing 2" SCI decoding; and

performing data decoding.

2. The method of claim 1, wherein a configuration or pre-configuration for 2-stage SCI is based
on configuration from the network or group head device or groupcasting Tx device or stored
information at device.

3. The method of claim 1, wherein 1* SCI decoding is to obtain the data channel time-frequency
location for data reception by the target receiving UE and sensing by the other UEs to perform
resource selection.

4. The method of claim 1, wherein 2" SCI decoding is to obtain the remaining information
about data reception for the target receiving UEs.

5. The method of claim 1, wherein 1% SCI, 2" SCI and/or the single SCI sharing the same SCI
size can be differentiated by the format indicator.

6. The method of claim 1, wherein the SRC ID and/or Dest ID can be either CRC scrambled in
the 1* SCI and/or 2™ SCI.

12
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