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5 Physical downlink shared channel related procedures
5.1 UE procedure for receiving the physical downlink shared channel

For downlink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of
processes the UE may assume will at most be used for the downlink is configured to the UE for
each cell separately by higher layer parameter nrofHARQ-processesForPDSCH, and when no

configuration is provided the UE may assume a default number of 8 processes.

A UE shall upon detection of a PDCCH with a configured DCl format 1_0 or 1_1 decode the
corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another
PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK
for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. The UE is not
expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be
transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK
assigned to be transmitted in a slot before slot j. For any two HARQ process IDs in a given cell, if
the UE is scheduled to start receiving a PDSCH in symbol j by a PDCCH starting in symbol j, the
UE is not expected to be scheduled to receive a PDSCH starting earlier than symbol j with a

PDCCH starting later than symbol /.

[...]

If the UE is not configured for PUSCH/PUCCH transmission for at least one serving cell
configured with slot formats comprised of DL and UL symbols, and if the UE is not capable of
simultaneous reception and transmission on serving cell ¢; and serving cell ¢c;, the UE is not
expected to receive PDSCH on serving cell ¢; if the PDSCH overlaps in time with SRS
transmission (including any interruption due to uplink or downlink RF retuning time [10]) on

serving cell ¢, not configured for PUSCH/PUCCH transmission.

The UE is not expected to decode a PDSCH scheduled in the primary cell with C-RNT! and
another PDSCH scheduled in the primary cell with CS-RNT! if the PDSCHSs partially or fully

overlap in time.
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The UE is not expected to decode a PDSCH scheduled with C-RNTI or CS-RNTI if another PDSCH

in the same cell scheduled with RA-RNTI partially or fully overlap in time.

The UE in RRC Idle mode shall be able to decode two PDSCHs each scheduled with SI-RNTI, P-
RNTI, RA-RNTI or TC-RNTI, with the two PDSCHs partially or fully overlapping in time in non-

overlapping PRBs.

On a frequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI or
CS-RNTI and, during a process of P-RNTI triggered Sl acquisition, another PDSCH scheduled with

SI-RNTI that partially or fully overlap in time in non-overlapping PRBs.

On a frequency range 2 cell, the UE is not expected to decode a PDSCH scheduled with C-RNTI
or CS-RNTI if in the same cell, during a process of P-RNTI triggered Sl acquisition, another

PDSCH scheduled with SI-RNTI partially or fully overlap in time in non-overlapping PRBs.

The UE is expected to decode a PDSCH scheduled with C-RNTI or CS-RNTI during a process of

autonomous S acquisition.

If the UE is configured by higher layers to decode a PDCCH with its CRC scrambled by a CS-RNTI,
the UE shall receive PDSCH transmissions without corresponding PDCCH transmissions using

the higher-layer-provided PDSCH configuration for those PDSCHs.

[...]

5.1.2 Resource allocation

5.1.2.1 Resource allocation in time domain

When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment
field value m of the DCI provides a row index m + 1 to an allocation table. The determination of
the used resource allocation table is defined in sub-clause 5.1.2.1.1. The indexed row defines
the slot offset Ky, the start and length indicator SLIV, or directly the start symbol S and the
allocation length L, and the PDSCH mapping type to be assumed in the PDSCH reception.

Given the parameter values of the indexed row:
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2 HPDSCH

- The slot allocated for the PDSCH is {n |+KO, where n is the slot with the

2 HPDCCH

scheduling DCI, and K; is based on the numerology of PDSCH, and 4, and ., are the

subcarrier spacing configurations for PDSCH and PDCCH, respectively, and

- The starting symbol S relative to the start of the slot, and the number of consecutive
symboils L counting from the symbol S allocated for the PDSCH are determined from the

start and length indicator SLIV:
if (L-1)<7 then

SLIV =14-(L-1)+S
else

SLIV =14-(14~L+1)+(14-1-5)
where0<L<14-S, and

- The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 of [4,
TS 38.211].

The UE shall consider the S and L combinations defined in table 5.1.2.1-1 as valid PDSCH

allocations:

[ validO SO andO LO combinations” 00O O0O0O0O0OO0OOO0OO0OOOOOOOOODODOGO
ocooooODOOO0OO0O0O0O0oOoooooOoDbODDDbOOO0OO0O0O0oooDoD]
goooad

When the UE is configured with aggregationFactorDL > 1, the same symbol allocation is applied
across the aggregationFactorDL consecutive slots. The UE may expect that the TB is repeated
within each symbol allocation among each of the aggregationFactorDL consecutive slots and
the PDSCH is limited to a single transmission layer. The redundancy version to be applied on the

n' transmission occasion of the TB is determined according to table 5.1.2.1-2.

[“ Appliedd redundancyll versionl] whend aggregationFactorDLO >0 1" OO 0O O OO
oo0oo0oDoDDODO0OO000O0O00ooQooOo0O0DDODO0D00DU0DO0o0OooDoODoOooDoODDOoDOoOOoDOoOg
ocoooo]
ooooao
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If the UE procedure for determining slot configuration as defined in Subclause 11.1 of [6, TS
38.213] determines symbol of a slot allocated for PDSCH as uplink symbols, the transmission on

that slot is omitted for multi-slot PDSCH transmission.

The UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH
scheduling the PDSCH was received in the same slot and was not contained within the first

three symbols of the slot.

The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of
the PDCCH scheduling the PDSCH was received in a later symbol than the first symbol indicated

in the PDSCH time domain resource allocation.

5.1.2.1.1 Determination of the resource allocation table to be used for

PDSCH

Table 5.1.2.1.1-1 defines which PDSCH time domain resource allocation configuration to apply.
Either a default PDSCH time domain allocation A, B or C according to tables 5.1.2.1.1-2,
5.1.2.1.1-3,5.1.2.1.1.-4 and 5.1.2.1.1-5 is applied, or the higher layer configured pdsch-

AllocationlList in either pdsch-ConfigCommon or pdsch-Config is applied.

[“ Applicabled PDSCHO timeld domainO resourcell allocation” 0 00O OOOOOO
oooooDoOOO0O0oU0oUoOoooooOoO0DODDODO0DO00DU0DO00DoDoDoODOooDoODDODOOoDOoOg
0oo]

[“ DefaultO PDSCHO timel domainO resourceld allocationd A forO normald CP” O O
ooooDoDoOOO0O0O0oOoOoooooOOoO0DDODDODO0DO00DO0DO0o0oOooDoODoOoODoODDDODOOoDOoDOOg
OoDooooooooo]

[“ DefaultO PDSCHO timel domainO resourcel allocation Al for( extendedO CP” O
oooooDoODOoOO00o0oOoo0ooooOooODDODDODO0DO0O0DO0O0o0ooDoDoODoOoODoODDDODOOoDOoOg
0OD0Do00ooooooooo]

[© DefaultO PDSCHO timel domainO resource allocationO B” DO OO OOOOOOO
oo0oo0oDoDoODO0oO000oO0oo0ooooOoo0DDoDDODO0D00DO0O0o0oooDoDoDoDoODDoODOoOooOg
oooil

[© DefaultO PDSCHO timel domainO resourced allocation0 C" DO O OODOOOOOO
goooooobobobob bbb uoooooobobobbbboboo
oooi]l

ooooao
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5.1.2.2 Resource allocation in frequency domain

Two downlink resource allocation schemes, type 0 and type 1, are supported. The UE shall
assume that when the scheduling grant is received with DCl format 1_0, then downlink

resource allocation type 1 is used.

if the scheduling DCl is configured to indicate the downlink resource allocation type as part of
the Frequency domain resource assignment field by setting a higher layer parameter
resourceAllocation in pdsch-Config to 'dynamicswitch', the UE shall use downlink resource
allocation type 0 or type 1 as defined by this DCI field. Otherwise the UE shall use the downlink

frequency resource allocation type as defined by the higher layer parameter resourceAllocation.

For a PDSCH scheduled with a DCI format 1_0 in any type of PDCCH common search space,
regardless of which bandwidth part is the active bandwidth part, RB numbering starts from the

lowest RB of the CORESET in which the DCI was received.

For a PDSCH scheduled otherwise, if a bandwidth part indicator field is not configured in the
scheduling DCI, the RB indexing for downlink type 0 and type 1 resource allocation is
determined within the UE's active bandwidth part. If a bandwidth part indicator field is
configured in the scheduling DCI, the RB indexing for downlink type 0 and type 1 resource
allocation is determined within the UE's bandwidth part indicated by bandwidth part indicator
field value in the DCI. The UE shall upon detection of PDCCH intended for the UE determine first
the downlink carrier bandwidth part and then the resource allocation within the bandwidth

part.
5.1.2.2.1 Downlink resource allocation type 0

in downlink resource allocation of type 0, the resource block assignment information includes a
bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE
where a RBG is a set of consecutive virtual resource blocks defined by higher layer parameter
rbg-Size configured by PDSCH-Config and the size of the carrier bandwidth part as defined in
Table 5.1.2.2.1-1.

[ NominalORBGO sizeO PP 0D 0D O0DODODODOODODODODODODODOOOOO

ocoooooOOoO0OO0oOoOoooooocobobDboOoOoooOooool
goooao
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The total number of RBGs ( Ny, ) for a downlink bandwidth part i of size N§ys; PRBs is given by

Nige :{(N;l;e],j +(legt;/’;,i modP))/P}, where
- the size of the first RBG is RBG{** = P— N3/, mod P,

- the size of last RBG is RBG;= = (Ng’;’y’;’i + N5, )modP if (N‘,‘;’;’V’;J +N,§i;’,,ij,i)1nodP> 0 and P

last

otherwise,

- the size of all other RBGs is P.

The bitmap is of size Ny bits with one bitmap bit per RBG such that each RBG is addressable.

The RBGs shall be indexed in the order of increasing frequency and starting at the lowest
frequency of the carrier bandwidth part. The order of RBG bitmap is such that RBG 0 to
RBG Nypgi —1 are mapped from MSB to LSB. The RBG is allocated to the UE if the corresponding

bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.
5.1.2.2.2 Downlink resource allocation type 1

In downlink resource allocation of type 1, the resource block assignment information indicates
to a scheduled UE a set of contiguously allocated non-interleaved or interleaved virtual
resource blocks within the active bandwidth part of size N5, PRBs except for the case when

DCl format 1_0 is decoded in any common search space in CORESET 0 in which case the initial

bandwidth part of size Ny, shall be used.

A downlink type 1 resource allocation field consists of a resource indication value (RIV)
corresponding to a starting virtual resource block ( RB,,,.,) and a length in terms of contiguously

allocated resource blocks Lgg, . The resource indication value is defined by
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if (Lpg —1)3LN§'5;P/2J then

RIV = N (Lgg, 1)+ RB

start
else

RIV = N%’ZWeP(N%I;—VeP - LRBS + 1) + (N;;l‘/‘;/(}) -1- Rleart)

where Ly, > 1 and shall not exceed N, — RB

start"®

When the DCl size for DCl format 1_0 in USS is derived from the initial BWP with size N but
applied to another active BWP with size of Ny, a downlink type 1 resource block assignment
field consists of a resource indication value (RIV) corresponding to a starting resource block

RB,, =0,K,2-K,...,(Nm' —1)-K and a length in terms of virtually contiguously allocated

start

_ initial
resource blocks L,, =K,2-K,...,Nhwd . K

The resource indication value is defined by:
if (L'~ D<| Ny /2] then

RIV = N’Bnl;t[id (L 'I(’Bs' - 1) + RB'.ymn
else

. A7initial initial 1 initial 1 _ 1
RIV =N BWP (N BWP L RBs + 1) + (N BwP 1-RB start)

where L'y, =L, /K, RB',, =RB,, /Kand where L', shall not exceed Ny —RB'

start start *

If N s Nl K s the maximum value from set {1, 2, 4, 8} which satisfies K SLN,‘;;V";@ /NZZZ?IJ ;

otherwise K= 1.

[...]
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5.3 UE PDSCH processing procedure time

If the first uplink symbol of the physical channel which carries the HARQ-ACK information, as
defined by the assigned HARQ-ACK timing K; and the PUSCH or PUCCH resource to be used and
including the effect of the timing advance, starts no earlier than at symbol L; then the UE shall

provide a valid HARQ-ACK message, where L; is defined as the next uplink symbol with its CP
starting after 7 = ((Nl +d, +d,2)(2048+144)~KZV“)-T(. after the end of the last symbol of the

PDSCH carrying the TB being acknowledged.

- Njis based on u of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2
respectively, where u corresponds to the one of (Uppcen, UppscH, Hut) resulting with the
largest Tproc 1, Where the Lppcey corresponds to the subcarrier spacing of the PDCCH
scheduling the PDSCH, the Lppscy corresponds to the subcarrier spacing of the scheduled
PDSCH, and py; corresponds to the subcarrier spacing of the uplink channel with which

the HARQ-ACK is to be transmitted, and k is defined in subclause 4.41 of [4, TS 38.211].
- If HARQ-ACK is transmitted on PUCCH, then d;; =0,
- If HARQ-ACK is transmitted on PUSCH, then dy ; = 1.

- If the UE is configured with multiple active component carriers, the first uplink symbol
which carries the HARQ-ACK information further includes the effect of timing difference

between the component carriers as given in [11, TS 38.133].

- If the PDSCH is mapping type A as given in subclause 7.4.1.1 of [4, TS 38.211], and the last

symbol of PDSCH is on the i-th symbol of the slot where i< 7, then d;,=7-1,

- For UE processing capability 1: If the PDSCH is mapping type B as given in subclause

7.4.1.1 of [4, 7S 38.211], and
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- if the number of PDSCH symbols allocated is 4, then d; , =3

- if the number of PDSCH symbols allocated is 2, thend; ; = 3+d, where d is the number

of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.

- For UE processing capability 2: If the PDSCH is mapping type B as given in subclause
7.4.1.1 of [4, TS 38.211], if the number of PDSCH symbols allocated is 2 or 4, then dy ; is

the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH..

- For UE processing capability 2 with scheduling limitation when p = 1, if the scheduled RB

allocation exceeds 136 RBs, the UE defaults to capability 1 processing time.

Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH.

The value of Ty 1 is used both in the case of normal and extended cyclic prefix.

[“ PDSCHO processingd timeld forO PDSCHO processingl capability0 1”7 0 OO0 OO 0O
0000000000000 O0O00oo00DO0ODO0DO0oU0O0O0ooooDoooOooDoODOoooOoOg
01

“ PDSCHO processingd time forO PDSCHO processingd capabilityd 2" 0 OO0 O0O0O
ooo0ooDoOOoOO000U0oO0ooooOoOoDoDDODO0DU0DU0DU0oO0Ooo0DoDoODoOooDoODDDODOoOOoDOoOg
0]

ooooao
oo0o0oDoOD0oOO000O0O0ooooooODoDDODO0D0DU0DO0O0Ooo0DoDoODoOooODoODDOoDOoOOoOoOg
ooooooao

oooao

10

20



a7 JP 6913129 B2 2021.8.4
7.3.1.2 DCI formats for scheduling of PDSCH

7.3.1.2.1 Format1_0

DCl format 1_0 is used for the scheduling of PDSCH in one DL cell.

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled

by C-RNT! or CS-RNTI or new-RNTI:
- ldentifier for DCl formats — 1 bits
- The value of this bit field is always set to 1, indicating a DL DCI format

- Frequency domain resource assignment — [log, (N2-™7 (V2L 4 1)/2) | bits

RB

N2-BWP s the size of the active DL bandwidth part in case DCI format 1_0 is monitored

in the UE specific search space and satisfying

- the total number of different DCl sizes monitored per slot is no more than 4 for the

cell, and

- the total number of different DCI sizes with C-RNTI monitored per slot is no more

than 3 for the cell

otherwise, N;""" is the size of the initial DL bandwidth part.

[...]

Time domain resource assignment — 4 bits as defined in Subclause 5.1.2.1 of [6, TS 38.214]
- VRB-to-PRB mapping — 1 bit according to Table 7.3.1.1.2-33

- Modulation and coding scheme — 5 bits as defined in Subclause 5.1.3 of [6, TS 38.214]

- New data indicator — 1 bit

- Redundancy version — 2 bits as defined in Table 7.3.1.1.1-2
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- HARQ process number — 4 bits

- Downlink assighment index — 2 bits as defined in Subclause 9.1.3 of [5, TS 38.213], as

counter DAI

- TPC command for scheduled PUCCH — 2 bits as defined in Subclause 7.2.1 of [5, TS
38.213]

- PUCCH resource indicator — 3 bits as defined in Subclause 9.2.3 of [5, TS 38.213]

- PDSCH-to-HARQ_feedback timing indicator — 3 bits as defined in Subclause 9.2.3 of [5,
TS38.213]

[..]
7.3.1.2.2 Format1_1

DCl format 1_1 is used for the scheduling of PDSCH in one cell.

The following information is transmitted by means of the DCl format 1_1 with CRC scrambled

by C-RNTI or CS-RNT! or new-RNTI:
- ldentifier for DCl formats — 1 bits
- The value of this bit field is always set to 1, indicating a DL DCI format
- Carrier indicator — 0 or 3 bits as defined in Subclause 10.1 of [5, TS 38.213].

- Bandwidth part indicator — 0, 1 or 2 bits as determined by the number of DL BWPs 4,

BWPRRC
configured by higher layers, excluding the initial DL bandwidth part. The bitwidth for this

field is determined as [log, (n,,,) | bits, where

Rgwp = Mawprre + 1 1T Ay ree €35 in Which case the bandwidth part indicator is equivalent

to the higher layer parameter BWP-Id,

- otherwise ng,, in which case the bandwidth part indicator is defined in Table

= Pgwprrer

7.3.1.1.2-1;
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if a UE does not support active BWP change via DCI, the UE ignores this bit field.

- Frequency domain resource assignment — number of bits determined by the following,

where N2-B¥ s the size of the active DL bandwidth part:

N,y bits if only resource allocation type 0 is configured, where n, . is defined in

Subclause 5.1.2.2.1 of [6, TS38.214],

- ﬁogz(jvggw”(]vggﬁw +1)/2)] bits if only resource allocation type 1 is configured, or 10

RB

- max(ﬁogz(ND‘~»BW"(N§;BW" +1)/2ﬂ »NRBG)H bits if both resource allocation type 0 and

1 are configured.

- If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate
resource allocation type O or resource allocation type 1, where the bit value of 0

indicates resource allocation type 0 and the bit value of 1 indicates resource allocation

type 1. 20

- For resource allocation type 0, the v, .. LSBs provide the resource allocation as defined

RBG

in Subclause 5.1.2.2.1 of [6, TS 38.214].

For resource allocation type 1, the ﬂogz(N"*«BW*’(N”“’WP +1)/2)_] LSBs provide the

RB RB

resource allocation as defined in Subclause 5.1.2.2.2 of [6, TS 38.214]

if "Bandwidth part indicator" field indicates a bandwidth part other than the active

bandwidth part and if both resource allocation type 0 and 1 are configured for the 30
indicated bandwidth part, the UE assumes resource allocation type O for the indicated

bandwidth part if the bitwidth of the "Frequency domain resource assignment" field of

the active bandwidth part is smaller than the bitwidth of the "Frequency domain resource

assignment" field of the indicated bandwidth part.

- Time domain resource assignment — 0, 1, 2, 3, or 4 bits as defined in Subclause 5.1.2.1 of

[6, TS 38.214]. The bitwidth for this field is determined as [iog,(1)] bits, where I is the
. . Lo 40

number of entries in the higher layer parameter pdsch-AllocationList.
oooooad
Jddoo0dooDo0ooooDo00oDoDO00doDo0DddoDo0oO0o0Do0DO0O0do0DDOdDoDaOdDbownlinkd
Sharedd ChannelO 0O 000 O00OD0OODOOOBandwidthOPartD OO0 OO0 ODODOOO
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5.15 Bandwidth Part (BWP) operation

In addition to clause 12 of TS 38.213 [6], this subclause specifies requirements on BWP

operation.

A Serving Cell may be configured with one or multiple BWPs, and the maximum number of BWP

per Serving Cell is specified in TS 38.213 [6].

The BWP switching for a Serving Cell is used to activate an inactive BWP and deactivate an
active BWP at a time. The BWP switching is controlled by the PDCCH indicating a downlink
assignment or an uplink grant, by the bwp-InactivityTimer, by RRC signalling, or by the MAC
entity itself upon initiation of Random Access procedure. Upon addition of SpCell or activation
of an SCell, the DL BWP and UL BWP indicated by firstActiveDownlinkBWP-Id and
firstActiveUplinkBWP-Id respectively (as specified in TS 38.331 [5]) is active without receiving
PDCCH indicating a downlink assignment or an uplink grant. The active BWP for a Serving Cell is
indicated by either RRC or PDCCH (as specified in TS 38.213 [6]). For unpaired spectrum, a DL
BWP is paired with a UL BWP, and BWP switching is common for both UL and DL.

For each activated Serving Cell configured with a BWP, the MAC entity shall:
1> if a BWP is activated:
2> transmit on UL-SCH on the BWP;
2> transmit on RACH on the BWP;
2> monitor the PDCCH on the BWP;
2> transmit PUCCH on the BWP;
2> transmit SRS on the BWP;

2> receive DL-SCH on the BWP;
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2> (re-)initialize any suspended configured uplink grants of configured grant Type 1 on the
active BWP according to the stored configuration, if any, and to start in the symbol

according to rules in subclause 5.8.2.
1> if a BWP is deactivated:

2> not transmit on UL-SCH on the BWP;
2> not transmit on RACH on the BWP;
2> not monitor the PDCCH on the BWP;
2> not transmit PUCCH on the BWP;
2> not report CSI for the BWP;
2> not transmit SRS on the BWP;
2> not receive DL-SCH on the BWP;

2> clear any configured downlink assignment and configured uplink grant of configured

grant Type 2 on the BWP;
2> suspend any configured uplink grant of configured grant Type 1 on the inactive BWP.

Upon initiation of the Random Access procedure on a Serving Cell, the MAC entity shall for this

Serving Cell:
1> if PRACH occasions are not configured for the active UL BWP:
2> switch the active UL BWP to BWP indicated by initialUplinkBWP;
2> if the Serving Cell is a SpCell:
3> switch the active DL BWP to BWP indicated by initialDownlinkBWP.
1> else:

2> if the Serving Cell is a SpCell:
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3> if the active DL BWP does not have the same bwp-Id as the active UL BWP:

4> switch the active DL BWP to the DL BWP with the same bwp-/d as the active UL
BWP.

1> perform the Random Access procedure on the active DL BWP of SpCell and active UL BWP

of this Serving Cell.
if the MAC entity receives a PDCCH for BWP switching of a serving cell, the MAC entity shall:
1> if there is no ongoing Random Access procedure associated with this Serving Cell; or

1> if the ongoing Random Access procedure associated with this Serving Cell is successfully
completed upon reception of this PDCCH addressed to C-RNTI (as specified in subclauses

5.1.4 and 5.1.5):
2> perform BWP switching to a BWP indicated by the PDCCH.

If the MAC entity receives a PDCCH for BWP switching for a Serving Cell while a Random Access
procedure associated with that Serving Cell is ongoing in the MAC entity, it is up to UE
implementation whether to switch BWP or ignore the PDCCH for BWP switching, except for the
PDCCH reception for BWP switching addressed to the C-RNTI for successful Random Access
procedure completion (as specified in subclauses 5.1.4 and 5.1.5) in which case the UE shall
perform BWP switching to a BWP indicated by the PDCCH. Upon reception of the PDCCH for
BWP switching other than successful contention resolution, if the MAC entity decides to
perform BWP switching, the MAC entity shall stop the ongoing Random Access procedure and
initiate a Random Access procedure on the new activated BWP; if the MAC decides to ignore
the PDCCH for BWP switching, the MAC entity shall continue with the ongoing Random Access

procedure on the active BWP.
If the bwp-InactivityTimer is configured, the MAC entity shall for each activated Serving Cell:

1> if the defaultDownlinkBWP is configured, and the active DL BWP is not the BWP indicated
by the defaultDownlinkBWP; or
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1> if the defaultDownlinkBWP is not configured, and the active DL BWP is not the
initialDownlinkBWP:

2> if a PDCCH addressed to C-RNTI or CS-RNTI indicating downlink assignment or uplink

grant is received on the active BWP; or

2> if a PDCCH addressed to C-RNTI or CS-RNTI indicating downlink assignment or uplink

grant is received for the active BWP; or

2>if a MAC PDU is transmitted in a configured uplink grant or received in a configured

downlink assignment:
3> if there is no ongoing random access procedure associated with this Serving Cell; or

3> if the ongoing Random Access procedure associated with this Serving Cell is
successfully completed upon reception of this PDCCH addressed to C-RNTI (as

specified in subclauses 5.1.4 and 5.1.5):
4> start or restart the bwp-InactivityTimer associated with the active DL BWP.

2> if a PDCCH for BWP switching is received on the active DL BWP, and the MAC entity
switches the active BWP:

3> start or restart the bwp-InactivityTimer associated with the active DL BWP.
2> if Random Access procedure is initiated on this Serving Cell:

3> stop the bwp-InactivityTimer associated with the active DL BWP of this Serving Cell,

if running.
3> if the Serving Cell is SCell:

4> stop the bwp-InactivityTimer associated with the active DL BWP of SpCell, if

running.
2> if the bwp-InactivityTimer associated with the active DL BWP expires:

3> if the defaultDownlinkBWP is configured:

4> perform BWP switching to a BWP indicated by the defaultDownlinkBWP.

3> else:

4> perform BWP switching to the initialDownlinkBWP.

oooooao
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10 UE procedure for receiving control information

[..]

A UE monitors a set of PDCCH candidates in one or more control resource sets on the active DL
BWP on each activated serving cell configured with PDCCH monitoring according to
corresponding search space sets where monitoring implies decoding each PDCCH candidate

according to the monitored DCI formats.

[..]

10.1 UE procedure for determining physical downlink control channel

assignment

A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets.
A search space set can be a common search space set or a UE-specific search space set. A UE

monitors PDCCH candidates in one or more of the following search spaces sets

a Type0-PDCCH common search space set configured by searchSpaceZero in
MasterinformationBlock or by searchSpaceSIB1 in PDCCH-ConfigCommon for a DCl format

with CRC scrambled by a SI-RNTI on a primary cell;

- aTypeOA-PDCCH common search space set configured by searchSpace-0SI in PDCCH-
ConfigCommon for a DCl format with CRC scrambled by a SI-RNTI on a primary cel;

- aTypel-PDCCH common search space set configured by ra-SearchSpace in PDCCH-
ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI, ora TC-RNTl on a

primary cell;

- aType2-PDCCH common search space set configured by pagingSearchSpace in PDCCH-
ConfigCommon for a DCl format with CRC scrambled by a P-RNTI on a primary cell;

- aType3-PDCCH common search space set configured by SearchSpace in PDCCH-Config
with searchSpaceType = common for DCl formats with CRC scrambled by INT-RNTI, or SFI-
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RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI and, only for the primary
cell, C-RNTI, or CS-RNTI(s); and

- a UE-specific search space set configured by SearchSpace in PDCCH-Config with
searchSpaceType = ue-Specific for DCl formats with CRC scrambled by C-RNTI, or CS-
RNTI(s).

If a UE is not provided higher layer parameter searchSpace-SIB1 for Type0-PDCCH common
search space set, , the UE determines a control resource set and PDCCH monitoring occasions
for TypeO-PDCCH common search space set as described in Subclause 13. The Type0-PDCCH
common search space set is defined by the CCE aggregation levels and the number of PDCCH
candidates per CCE aggregation level given in Table 10.1-1. The control resource set configured
for TypeO0-PDCCH common search space set has control resource set index 0. The Type0-PDCCH

common search space set has search space index 0.

If a UE is not provided by dedicated higher layer signaling a control resource set for TypeOA-

PDCCH common search space or for Type2-PDCCH common search space, the corresponding

control resource set is same as the control resource set for Type0-PDCCH common search space.

The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level for
TypeOA-PDCCH common search space or for Type2-PDCCH common search space are given in

Table 10.1-1.

For Typel-PDCCH common search space, a UE can be provided a configuration for a control
resource set by higher layer parameter ra-ControlResourceSet and a configuration for a search
space by higher layer parameter ra-SearchSpace. if higher layer parameter rg-
ControlResourceSet is not provided to the UE, the control resource set for Typel-PDCCH

common search space is the same as for Type0-PDCCH common search space.

If a UE is not provided higher layer parameter searchSpaceOtherSysteminformation for TypeOA-
PDCCH common search space set, the association between PDCCH monitoring occasions for
TypeOA-PDCCH common search space set and the SS/PBCH block index are same as the

association of PDCCH monitoring occasions for Type0-PDCCH common search space set as
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described in Subclause 13. The CCE aggregation levels and the number of PDCCH candidates per
CCE aggregation level are given in Table 10.1-1.

If a UE is not provided higher layer parameter pagingSearchSpace for Type2-PDCCH common
search space set, the association between PDCCH monitoring occasions for Type2-PDCCH
common search space set and the SS/PBCH block index are same as the association of PDCCH
monitoring occasions for Type0-PDCCH common search space set as described in Subclause 13.
The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level are
given in Table 10.1-1.

The UE may assume that the DM-RS antenna port associated with PDCCH receptions in the
control resource set configured by pdcch-ConfigSIB1 in MasterinformationBlock and for
corresponding PDSCH receptions, and the corresponding SS/PBCH block are quasi co-located
with respect to average gain, QCL-TypeA, and QCL-TypeD properties, when applicable [6, TS
38.214]. The value for the DM-RS scrambling sequence initialization is the cell ID. A subcarrier
spacing is provided by higher layer parameter subCarrierSpacingCommon in

MasterinformationBlock.

For single cell operation or for operation with carrier aggregation in a same frequency band, a

UE is not expected to monitor a PDCCH for Type0/0A/2/3-PDCCH common search space if the

SS/PBCH block or the CSI-RS the UE selects for PRACH association, as described in Subclause 8.1,

does not have same QCL-TypeD [6, TS 38.214] with a DM-RS for monitoring the PDCCH for
Type0/0A/2/3-PDCCH common search space.

If a UE is configured with one or more downlink bandwidth parts (BWPs), as described in
Subclause 12, the UE can be configured with PDCCH-ConfigCommon and PDCCH-Config for each
configured DL BWP on the primary cell, other than the initial active DL BWP, as described in
Subclause 12.

If a UE is provided one or more search space sets by corresponding one or more higher layer
parameters searchSpaceZero, searchSpaceSiB1, searchSpaceOtherSysteminformation,

pagingSearchSpace, ra-SearchSpace, and the UE is provided with a C-RNTI or a CS-RNTI, the UE
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monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with the C-RNTI or the CS-

RNTl in the one or more search space sets.

(]

For each DL BWP configured to a UE in a serving cell, a UE can be provided by higher layer
signalling with P <3 control resource sets. For each control resource set, the UE is provided the

following by higher layer parameter ControlResourceSet:

a control resource set index p, 0<p<12, by higher layer parameter controlResourceSet!d,

- a DM-RS scrambling sequence initialization value by higher layer parameter pdcch-DMRS-

ScramblingID;

- aprecoder granularity for a number of REGs in the frequency domain where the UE can

assume use of a same DM-RS precoder by higher layer parameter precoderGranularity;
- a number of consecutive symbols provided by higher layer parameter duration;
- aset of resource blocks provided by higher layer parameter frequencyDomainResources;
- CCE-to-REG mapping parameters provided by higher layer parameter cce-REG-
MappingType;

- an antenna port quasi co-location, from a set of antenna port quasi co-locations provided
by higher layer parameter TC/-StatesPDCCH, indicating quasi co-location information of

the DM-RS antenna port for PDCCH reception;

- anindication for a presence or absence of a transmission configuration indication (TCl)

field for DCI format 1_1 transmitted by a PDCCH in control resource set p, by higher layer

parameter TCl-PresentinDCI.

When precoderGranularity = allContiguousRBs, a UE does not expect to be configured a set of
resource blocks of a control resource set that includes more than four sub-sets of resource

blocks that are not contiguous in frequency.
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For each control resource set in a DL BWP of a serving cell, a respective higher layer parameter
frequencyDomainResources provides a bitmap. The bits of the bitmap have a one-to-one
mapping with non-overlapping groups of 6 PRBs, in ascending order of the PRB index in the DL
BWP bandwidth of ~2)" PRBs with starting position N3 where the first PRB of the first group
of 6 PRBs has index 6-(N§’3\7P/6}. A group of 6 PRBs is allocated to a control resource set if a
corresponding bit value in the bitmap is 1; else, if a corresponding bit value in the bitmap is 0,

the group of 6 PRBs is not allocated to the control resource set.

If a UE has received initial configuration of more than one TCl states by higher layer parameter
TCI-StatesPDCCH but has not received a MAC CE activation command for one of the TCl states,
the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-

located with the SS/PBCH block the UE identified during the initial access procedure.

If the UE has received a MAC CE activation command for one of the TCl states, the UE applies
the activation command 3 msec after a slot where the UE transmits HARQ-ACK information for

the PDSCH providing the activation command.

If a UE has received higher layer parameter TCI-StatesPDCCH containing a single TCl state, the
UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located

with the one or more DL RS configured by the TCl state.

For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with
S <10 search space sets where, for each search space set from the § search space sets, the UE

is provided the following by higher layer parameter SearchSpace:
- asearch space set index s, 0<s<40, by higher layer parameter searchSpaceld,

- an association between the search space set s and a control resource set p by higher

layer parameter controlResourceSetlid,

- a PDCCH monitoring periodicity of &, slots and a PDCCH monitoring offset of o, slots,

5

by higher layer parameter monitoringSlotPeriodicityAndOffset;

- a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the control
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resource set within a slot for PDCCH monitoring, by higher layer parameter

monitoringSymbolsWithinSlot;

- anumber of PDCCH candidates A" per CCE aggregation level L by higher layer

parameters aggregationlevell, aggregationlevel2, aggregationleveld, aggregationLevel8,
and aggregationLevel16, for CCE aggregation level 1, CCE aggregation level 2, CCE

aggregation level 4, CCE aggregation level 8, and CCE aggregation level 16, respectively;

- an indication that search space set s is either a common search space set or a UE-specific

search space set by higher layer parameter searchSpaceType;
- if search space set s is a common search space set,

- an indication by higher layer parameter dci-Format0-0-AndFormat1-0 to monitor
PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by a C-
RNTI or a CS-RNTI {if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNT};

- anindication by higher layer parameter dci-Format2-0 to monitor one or two PDCCH

candidates for DCI format 2_0 and a corresponding CCE aggregation level;

- an indication by higher layer parameter dci-Format2-1 to monitor PDCCH candidates

for DCl format 2_1;

- anindication by higher layer parameter dci-Format2-2 to monitor PDCCH candidates

for DCl format 2_2;

- an indication by higher layer parameter dci-Format2-3 to monitor PDCCH candidates

for DCI format 2_3;

- if search space set s is a UE-specific search space set, an indication by higher layer
parameter dci-Formats to monitor PDCCH candidate either for DCl format 0_0 and DCI

format 1_0, or for DCI format 0_1 and DCl format 1_1.

The UE may also be provided, by higher layer parameter duration, a duration of 7, <k, slots

indicating a number of slots that the search space set s exists.
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If the higher layer parameter monitoringSymbolsWithinSlot indicates to a UE only one PDCCH
monitoring occasion within a slot, the UE does not expect to be configured with a PDCCH
subcarrier spacing other than 15 kHz for the corresponding search space set s if the control

resource set p associated with the search space s includes at least one symbol after the third

symbol of the siot.

A UE does not expect to be provided a first symbol and a number of consecutive symbols for a

control resource set that results to a PDCCH candidate mapping to symbols of different slots.

A UE does not expect any two PDCCH monitoring occasions, for a same search space set or for
different search space sets, in a same control resource set to be separated by a non-zero

number of symbols that is smaller than the control resource set duration.

A UE determines a PDCCH monitoring occasion from the PDCCH monitoring periodicity, the

PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot. For search space set

s_in control resource set p, the UE determines that a PDCCH monitoring occasion(s) exists in a

slot with number »#, [4, TS 38.211] in a frame with number », if

(n,» NG +nl —o0, )modkm =0. If the UE is provided higher layer parameter duration, the UE
monitors PDCCH for search space set s in control resource set p for 7, consecutive slots,
starting from slot »*., and does not monitor PDCCH for search space set s in control resource

set p forthe next k,, -7, consecutive slots.

A PDCCH UE-specific search space at CCE aggregation level Le{1,2,4,8,16} is defined by a set of

PDCCH candidates for CCE aggregation level L.

If a UE is configured with higher layer parameter CrossCarrierSchedulingConfig for a serving cell
the carrier indicator field value corresponds to the value indicated by

CrossCarrierSchedulingConfig.

For a DL BWP of a serving cell on which a UE monitors PDCCH candidates in a UE-specific search
space, if the UE is not configured with a carrier indicator field, the UE monitors the PDCCH

candidates without carrier indicator field. For a serving cell on which a UE monitors PDCCH
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candidates in a UE-specific search space, if a UE is configured with a carrier indicator field, the

UE monitors the PDCCH candidates with carrier indicator field.

A UE is not expected to monitor PDCCH candidates on a DL BWP of a secondary cell if the UE is
configured to monitor PDCCH candidates with carrier indicator field corresponding to that
secondary cell in another serving cell. For the DL BWP of a serving cell on which the UE
monitors PDCCH candidates, the UE monitors PDCCH candidates at least for the same serving

cell.

For a search space set s associated with control resource set p, the CCE indexes for
aggregation level L corresponding to PDCCH candidate m,, —of the search space set in slot #Z,
for a serving cell corresponding to carrier indicator field value #., are given by

m, N N "CE

p,s,max

where

for any common search space, ¥, , =0;

4
RLY

for a UE-specific search space, v, =(4 JmodD, ¥, | =ty %0, 4,=39827 for pmod3=0,

Y ponfy=

A4, =39829 for pmod3=1, 4,=39839 for pmod3=2, and D=65537;
i=0,-,L—1;
Nees,, 1S the number of CCEs, numbered from 0 to N, -1, in control resource set p;

n, is the carrier indicator field value if the UE is configured with a carrier indicator field by

higher layer parameter CrossCarrierSchedulingConfig for the serving cell on which PDCCH is

monitored; otherwise, including for any common search space, »., =0;

m_, =0,..M"? -1, where M¥%

Salley Tt pusaagy DSy

is the number of PDCCH candidates the UE is configured to

monitor for aggregation level L for a serving cell corresponding to n., and a search space set

55
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for any common search space, MY =pm"

p.s,max p.s.07

for a UE-specific search space, M?

pos.max

is the maximum of A}~ over all configured »., values

for a CCE aggregation level L of search space set s in control resource set p;
the RNTI value used for n,,, is defined in [5, TS 38.212] and in [6, TS 38.214].

A UE that is configured for operation with carrier aggregation, and indicates support of search
space sharing through higher layer parameter searchSpaceSharingCA-UL, and has a PDCCH

candidate with CCE aggregation level L in control resource set p for a DCi format 0_1 having a
first size and associated with serving cell n., ,, can receive a corresponding PDCCH through a
PDCCH candidate with CCE aggregation level L in control resource set p for a DCl format0_1
having a second size and associated with serving cell n,,, if the first size and the second size are
same. A UE that is configured for operation with carrier aggregation, and indicates support of

search space sharing through higher layer parameter searchSpaceSharingCA-DL, and has a

PDCCH candidate with CCE aggregation level L in control resource set p for a DCl format 1_1
having a first size and associated with serving cell #,,,, can receive a corresponding PDCCH
through a PDCCH candidate with CCE aggregation level L in control resource set p for a DCI
format 1_1 having a second size and associated with serving cell n, , if the first size and the

second size are same.

A PDCCH candidate with index " . for a search space set s, using a set of CCEs in a control

resource set p for serving cell n, is not counted as a monitored PDCCH candidate if there is a

PDCCH candidate with index m,

7

., for a search space set s, <s; in the control resource set p for

serving cell n., using a same set of CCEs, have identical scrambling, and the corresponding DCI
formats for the PDCCH candidates have a same size; otherwise, the PDCCH candidate with

index m, , is counted as a monitored PDCCH candidate.

ey

Table 10.1-2 provides the maximum number of monitored PDCCH candidates, My2so# for

subcarrier spacing configuration # for a UE per slot for operation with a single serving cell.
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[...]

A UE does not expect to be configured common search space sets that result to corresponding
total numbers of monitored PDCCH candidates and non-overlapped CCEs per slot that exceed

the corresponding maximum numbers per slot.

For same cell scheduling, a UE does not expect a number of PDCCH candidates for DCI formats
with different size and/or different corresponding DM-RS scrambling sequences, and a number
of corresponding non-overlapped CCEs per slot on a secondary cell to be larger than the

corresponding numbers that the UE is capable of monitoring on the secondary cell per slot.

[...]

The UE allocates monitored PDCCH candidates to UE-specific search space sets of the primary
cell with subcarrier spacing configuration u in slot » according to the following pseudocode. A
UE is not expected to monitor PDCCH in a UE-specific search space set without monitored

PDCCH candidates.

A UE configured with a bandwidth part indicator in DCl formats 0_1 or 1_1 determines, in case
of an active DL BWP or of an active UL BWP change, the DCl information applicable to the new

active DL BWP or UL BWP, respectively, as described in Subclause 12.

[...]

12 Bandwidth part operation

[...]

A UE configured for operation in bandwidth parts (BWPs) of a serving cell, is configured by
higher layers for the serving cell a set of at most four bandwidth parts (BWPs) for receptions by
the UE (DL BWP set) in a DL bandwidth by parameter BWP-Downlink and a set of at most four
BWPs for transmissions by the UE (UL BWP set) in an UL bandwidth by parameter BWP-Uplink

for the serving cell.
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An initial active DL BWP is defined by a location and number of contiguous PRBs, a subcarrier

spacing, and a cyclic prefix, for the control resource set for Type0-PDCCH common search space.

For operation on the primary cell or on a secondary cell, a UE is provided an initial active UL
BWP by higher layer parameter initialuplinkBWP. If the UE is configured with a supplementary
carrier, the UE can be provided an initial UL BWP on the supplementary carrier by higher layer

parameter initialUplinkBWP in supplementaryUplink.

If a UE has dedicated BWP configuration, the UE can be provided by higher layer parameter
firstActiveDownlinkBWP-1d a first active DL BWP for receptions and by higher layer parameter

firstActiveUplinkBWP-Id a first active UL BWP for transmissions on the primary cell.

For each DL BWP or UL BWP in a set of DL BWPs or UL BWPs, respectively, the UE is configured
the following parameters for the serving cell as defined in [4, TS 38.211] or [6, TS 38.214]:

- asubcarrier spacing provided by higher layer parameter subcarrierSpacing;
- acyclic prefix provided by higher layer parameter cyclicPrefix;

- afirst PRB and a number of contiguous PRBs indicated by higher layer parameter
locationAndBandwidth that is interpreted as RIV according to [4, TS 38.214], setting
NiRe,=275, and the first PRB is a PRB offset relative to the PRB indicated by higher layer

parameters offsetToCarrier and subcarrierSpacing;
- anindex in the set of DL BWPs or UL BWPs by respective higher layer parameter bwp-Id;

- aset of BWP-common and a set of BWP-dedicated parameters by higher layer

parameters bwp-Common and bwp-Dedicated [12, TS 38.331]

For unpaired spectrum operation, a DL BWP from the set of configured DL BWPs with index
provided by higher layer parameter bwp-Id for the DL BWP is linked with an UL BWP from the
set of configured UL BWPs with index provided by higher layer parameter bwp-I/d for the UL
BWP when the DL BWP index and the UL BWP index are equal. For unpaired spectrum
operation, a UE does not expect to receive a configuration where the center frequency for a DL

BWP is different than the center frequency for an UL BWP when the bwp-I/d of the DL BWP is
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equal to the bwp-/d of the UL BWP.

For each DL BWP in a set of DL BWPs on the primary cell, a UE can be configured control
resource sets for every type of common search space and for UE-specific search space as
described in Subclause 10.1. The UE does not expect to be configured without a common

search space on the PCell, or on the PSCell, in the active DL BWP.

For each UL BWP in a set of UL BWPs, the UE is configured resource sets for PUCCH

transmissions as described in Subclause 9.2.

A UE receives PDCCH and PDSCH in a DL BWP according to a configured subcarrier spacing and
CP length for the DL BWP. A UE transmits PUCCH and PUSCH in an UL BWP according to a
configured subcarrier spacing and CP length for the UL BWP.

if a bandwidth part indicator field is configured in DCI format 1_1, the bandwidth part indicator
field value indicates the active DL BWP, from the configured DL BWP set, for DL receptions. If a
bandwidth part indicator field is configured in DCI format 0_1, the bandwidth part indicator
field value indicates the active UL BWP, from the configured UL BWP set, for UL transmissions.
if a bandwidth part indicator field is configured in DCI format 0_1 or DCl format 1_1 and
indicates an UL BWP or a DL BWP different from the active UL BWP or DL BWP, respectively, the
UE shall

- for each information field in the received DCl format 0_1 or DCl format 1_1

- if the size of the information field is smaller than the one required for the DCI format
0_1 or DClformat 1_1 interpretation for the UL BWP or DL BWP that is indicated by
the bandwidth part indicator, respectively, the UE prepends zeros to the information
field until its size is the one required for the interpretation of the information field for
the UL BWP or DL BWP prior to interpreting the DCl format 0_1 or DCl format 1_1

information fields, respectively;

- if the size of the information field is larger than the one required for the DCl format

0_1 or DClI format 1_1 interpretation for the UL BWP or DL BWP that is indicated by
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the bandwidth part indicator, respectively, the UE uses a number of least significant
bits of DCl format 0_1 or DCl format 1_1 equal to the one required for the UL BWP or
DL BWP indicated by bandwidth part indicator prior to interpreting the DCl format 0_1

or DCl format 1_1 information fields, respectively;

- set the active UL BWP or DL BWP to the UL BWP or DL BWP indicated by the bandwidth

part indicator in the DCl format 0_1 or DCl format 1_1, respectively.

A UE expects to detect a DCI format 0_1 indicating active UL BWP change, or a DCl format 1_1
indicating active DL BWP change, only if a corresponding PDCCH is received within the first 3

symbols of a slot.

For the primary cell, a UE can be provided by higher layer parameter defaultDownlinkBWP-Id a
default DL BWP among the configured DL BWPs. If a UE is not provided a default DL BWP by
higher layer parameter defaultDownlinkBWP-Id, the default DL BWP is the initial active DL BWP.

If a UE is configured for a secondary cell with higher layer parameter defaultDownlinkBWP-Id
indicating a default DL BWP among the configured DL BWPs and the UE is configured with
higher layer parameter bwp-inactivityTimer indicating a timer value, the UE procedures on the
secondary cell are same as on the primary cell using the timer value for the secondary cell and

the default DL BWP for the secondary cell.

If a UE is configured by higher layer parameter bwp-InactivityTimer a timer value for the

primary cell [11, TS 38.321] and the timer is running, the UE increments the timer every interval
of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if the UE
does not detect a DCl format for PDSCH reception on the primary cell for paired spectrum
operation or if the UE does not detect a DCI format for PDSCH reception or a DCI format for
PUSCH transmission on the primary cell for unpaired spectrum operation during the interval {11,

TS 38.321].

Iif a UE is configured by higher layer parameter BWP-InactivityTimer a timer value for a
secondary cell [11, TS 38.321] and the timer is running, the UE increments the timer every

interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if
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the UE does not detect a DCI format for PDSCH reception on the secondary cell for paired
spectrum operation or if the UE does not detect a DCl format for PDSCH reception or a DCI
format for PUSCH transmission on the secondary cell for unpaired spectrum operation during

the interval. The UE may deactivate the secondary cell when the timer expires.

If a UE is configured by higher layer parameter firstActiveDownlinkBWP-Id a first active DL BWP
and by higher layer parameter firstActiveUplinkBWP-Id a first active UL BWP on a secondary cell
or supplementary carrier, the UE uses the indicated DL BWP and the indicated UL BWP on the
secondary cell as the respective first active DL BWP and first active UL BWP on the secondary

cell or supplementary carrier.

For paired spectrum operation, a UE does not expect to transmit HARQ-ACK information on a
PUCCH resource indicated by a DCI format 1_0 or a DCI format 1_1 if the UE changes its active
UL BWP on the PCell between a time of a detection of the DCl format 1_0 or the DCl format 1_1

and a time of a corresponding HARQ-ACK information transmission on the PUCCH.

A UE does not expect to monitor PDCCH when the UE performs RRM measurements [10, TS
38.133] over a bandwidth that is not within the active DL BWP for the UE.

oooooo
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For UL responses to DL control/data, there is agreement that cross-slot timing will be the UE
default mode of operation, with further study required for optional same slot timing, but

currently for DL data scheduling the converse is true.

Cross-slot scheduling in the downlink with nonzero KO presents significant opportunities for
power saving in the UE. Control channel monitoring represents a large proportion of UE power
consumption in many use cases [2], and can account for over half of daily battery drain [3],
even when a majority of slots being monitored contain no data that is relevant for the

monitoring UE.

A large component of this power consumption arises because in each slot, downlink data must
be captured assuming the maximum throughput configuration for the entire duration of PDCCH
decoding, in case some of the captured data is represented in a downlink allocation which may

or may not be present.

In general less energy is required to capture and decode PDCCH than to decode PDSCH,
because typically a smaller set of resource blocks is involved, lower order modulation is used
and there can be a significant reduction in the bandwidth of interest. This can mean that fewer
modem resources are needed for a PDCCH-only decode, leading to reductions in UE power
consumption during the decoding process. Consequently, if a UE can know in advance that it
need not decode PDSCH in the current slot, it only needs to enable sufficient DL resources to
receive and decode PDCCH, and can disable the receiving resources as soon as the PDCCH

symbols have been captured.
it is further the case that if the target of a data assignment DCl can be decoded at the earliest
opportunity, ideally using only the information transmitted in the first symbol of the slot, early

termination of further PDCCH capture and decode can lead to additional power savings.

Figure 1 illustrates an example of the potential saving that results from this mode of operation.
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Two of the three TTls shown contain no data for the UE. When KO=0 this is not known in
advance, so the UE must receive at full bandwidth from the start of the TTl until DCI decoding is
complete, in case there is further data to process. In the KO=1 case receive is only required to
be active for the control period, and if the control channel can be received over a narrower
bandwidth the UE can operate at a lower power level. in addition, the Rx resources can be
switched off at the end of the last control period symbol, giving a further power reduction. The
data and no-data cases both terminate when DCl processing has completed and enter
microsleep. In the data periods the power saving is smaller, is the same in both cases until the
final DCI decode, but there is a smaller power saving for the final DCI decode. In most use cases

the slots with no data form the majority, and the power saving can be substantial.

The actual savings obtained will depend on data traffic patterns and UE implementation, but a
simple numerical example will illustrate the principle. Table 1 below gives an example

calculation assuming that DCI processing time is 4.5 symbols in duration.

[..]
Thus a PDCCH-only TTI requires 43.0% of the power of a slot which carries data for the UE if
K0=0, but only 17.2% if KO=1. In a typical use case where 80% of TTls are PDCCH-only, and only

20% carry data for the monitoring UE, the total power is calculated in Table 2 below as:

[..]

Thus, the example UE configured for K0=0 would consume 54.4% of the maximum throughput
power in this scenario, but the same UE configured for KO=1 would consume only 34.6% of
maximum throughput power. This would extend its battery life in the use case described by
57%. Proportionately greater savings might be expected in DRX use cases, because the
significant savings for PDCCH-only slots would also apply to the expiry of the inactivity timer at

the end of each DRX period.

When compared with same-slot DL scheduling this approach can increase data buffering
requirements in the gNB, but the resulting extension of UE battery life will reduce recharging

downtime for individual users, leading to net gains in network traffic, operator revenues and
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user satisfaction.

Observation 1: Cross-slot scheduling with KO 2 1 reduces UE power consumption significantly
Cross-slot Scheduling and Latency

A particular concern for cross-slot scheduling is the extra delay added by allowing a pre-launch
of the control channel. KO and K1 both contribute to the overall delay, and while the latency
concern maybe true for low values of K1=0, 1, the impact on latency for larger value of K1, K1

22 and a KO of 1 slot is proportionally less significant.
Observation 2: Latency impact of cross-slot scheduling is limited for K1 22

Furthermore many applications and use cases will be less sensitive to increased latency. This is
particularly true for smartphone usage where latency is less of a concern but battery life is a
particular differentiator. We therefore propose that cross-slot scheduling should be supported

by NR UEs

Proposal 1: All Rel15 UEs additionally support KO =1 (FFS K0>1)
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PDSCH Normal cyclic prefix Extended cyclic prefix RNTI | PDCCH search | SS/PBCH pdsch- pdsch-Config PDSCH time
mapping s L S+L 3 L S+L space block and | ConfigCommon includes domain resource
type CORESET includes pdsch- pdsch- allocation to apply
- ionList | AllocationLi
TypeA | 01231 B1dl| Bro1dl | 01231 Bi2l| Goi2) vatern | a *
(Note 1) (Note 1) SIRNTI Typeo 1 - - Default A for
Type B {0,..,12} | {2,4,7} {2,..,14} {0,...,10} | {2,4,6} {2,...,12} common normal CP
Note 1:S = 3 is applicable only if dmrs-TypeA-Posiition = 3 2 - - Default B
3 - - Default C
TypeOA
ogooao common
RA-RNTI, Typel 1,2,3 No - Default A
rvgindicated by rvis to be applied to n™ tr ission occasion TCRNTI, | common 12,3 ves - B No‘zs;:,; st
the DCI nmod4=0 | nmod4=1| nmod4=2 [ nmod4=3 provided in
scheduling the pdschConfigComm
PDSCH on
0 0 2 3 1 P-RNTI Type2
2 2 3 1 0 common
C-RNTI, | Any common 1,2,3 No - Default A
3 3 1 0 2 CS-RNTI | search space 1,2,3 Yes - pdsch-
1 1 0 2 3 associated AllocationList
with provided in
CORESET#0 pdschConfigComm
on
C-RNTI, | Any common 1,2,3 No No Default A
CS-RNTI | search space 1,2,3 Yes No pdsch-
not associated AllocationList
with provided in pdsch-
CORESET#0 ConfigCommon
1,23 No/Yes Yes pdsch-
UE specific AllocationList
search space provided in pdsch-
Config
gooo gooad
Row index dmrs- PDSCH Ko s L Row index dmrs- PDSCH Ko s L
TypeA- mapping TypeA- mapping
Position type Position type
1 2 Type A 0 2 12 1 2 Type A 0 2 6
3 Type A 0 3 11 3 Type A 0 3 5
2 2 Type A 0 2 10 2 2 Type A 0 2 10
3 Type A 0 3 9 3 Type A 0 3 9
3 2 Type A 0 2 9 3 2 Type A 0 2 9
3 Type A 0 3 8 3 Type A 0 3 8
4 2 Type A 0 2 7 4 2 Type A 0 2 7
3 Type A 0 3 6 3 Type A 0 3 6
5 2 Type A 0 2 5 5 2 Type A 0 2 5
3 Type A 0 3 4 3 Type A 0 3 4
6 2 Type B 0 9 4 6 2 Type B 0 6 4
3 Type B 0 10 4 3 Type B 0 8 2
7 2 Type B 0 4 4 7 2 Type B 0 4 4
3 Type B 0 6 4 3 Type B 0 6 4
8 2,3 Type B 0 5 7 8 2,3 Type B 0 5 6
9 2,3 Type B 0 5 2 9 2,3 Type B 0 5 2
10 2,3 Type B 0 9 2 10 2,3 Type B 0 9 2
11 2,3 Type B 0 12 2 11 2,3 Type B 0 10 2
12 2,3 Type A 0 1 13 12 2,3 Type A 0 1 11
13 2,3 Type A 0 1 6 13 2,3 Type A 0 1 6
14 2,3 Type A 0 2 4 14 2,3 Type A 0 2 4
15 2,3 Type B 0 4 7 15 2,3 Type B 0 4 6
16 2,3 Type B 0 8 4 16 2,3 Type B 0 8 4
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Row index dmrs- PDSCH Ko s L Row index dmrs- PDSCH Ko S L
TypeA- mapping TypeA- mapping
Position type Position type

1 2,3 Type B 0 2 2 1 (Note 1) 2,3 Type B 0 2 2
2 2,3 Type B 0 4 2 2 2,3 Type B 0 4 2
3 2,3 Type B 0 6 2 3 2,3 Type B 0 6 2
4 2,3 Type B 0 8 2 4 2,3 Type B 0 8 2
5 2,3 Type B 0 10 2 5 2,3 Type B 0 10 2

6 2,3 Type B 1 2 2 6 Reserved

7 2,3 Type B 1 4 2 7 Reserved
8 2,3 Type B 0 2 4 8 2,3 Type B 0 2 4
9 2,3 Type B 0 4 4 9 2,3 Type B 0 4 4
10 2,3 Type B 0 6 4 10 2,3 Type B 0 6 4
11 2,3 Type B 0 8 4 11 2,3 Type B 0 8 4
12 (Note 1) 2,3 Type B 0 10 4 12 2,3 Type B 0 10 4
13 (Note 1) 2,3 Type B 0 2 7 13 (Note 1) 2,3 Type B 0 2 7
14 (Note 1) 2 Type A 0 2 12 14 (Note 1) 2 Type A 0 2 12
3 Type A 0 3 11 3 Type A 0 3 11
15 2,3 Type B 1 2 4 15 (Note 1) 2,3 Type A 0 0 6
16 Reserved 16 (Note 1) 2,3 Type A 0 2 6

Note 1: If the PDSCH was scheduled with SI-RNTI in PDCCH TypeO common
search space, the UE may assume that this PDSCH resource allocation is not

Note 1: The UE may assume that this PDSCH resource allocation is not used, if

the PDSCH was scheduled with SI-RNTI in PDCCH TypeO common search

applied
ogoooao
PDSCH decoding time N; [symbols]
dmrs-AdditionalPosition = dmrs-AdditionalPosition #
pos0 in pos0 in
DMRS-DownlinkConfig in DMRS-DownlinkConfig in
“ either of either of
dmrs-DownlinkForPDSCH- dmrs-DownlinkForPDSCH-
MappingTypeA, dmrs- MappingTypeA, dmrs-
DownlinkForPDSCH- DownlinkForPDSCH-
MappingTypeB MappingTypeB
0 8 13
1 10 13
2 17 20
3 20 24
goooaon
PDSCH decoding time N; [symbols]
dmrs-AdditionalPosition = posO | dmrs-AdditionalPosition # pos0
in in
DMRS-DownlinkConfig in either | DMRS-DownlinkConfig in either
H of of
dmrs-DownlinkForPDSCH- dmrs-DownlinkForPDSCH-
MappingTypeA, dmrs- MappingTypeA,
DownlinkForPDSCH- dmrs-DownlinkForPDSCH-
Mapy TypeB MappingTypeB
0 3 [13]
1 45 [13]
2 9 for frequency range 1 [20]

space
ogoooao
Bandwidth Part Size Configuration 1 Configuration 2
1-36 2 4
37-72 4 8
73-144 8 16
145 -275 16 16
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