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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 spaces. A search space can be a common search space or a UE-specific search space. A UE shall monitor PDCCH candidates in non-DRX slots in one or more of the following search spaces

-
a Type0-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;

-
a Type0A-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;

-
a Type1-PDCCH common search space for a DCI format with CRC scrambled by a RA-RNTI, or a TC-RNTI, or a C-RNTI on a primary cell;

-
a Type2-PDCCH common search space for a DCI format with CRC scrambled by a P-RNTI on a primary cell;

-
a Type3-PDCCH common search space for a DCI format with CRC scrambled by INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s); and

-
a UE-specific search space for a DCI format with CRC scrambled by C-RNTI or CS-RNTI(s).

A UE is provided a configuration for a control resource set for Type0-PDCCH common search space by higher layer parameter RMSI-PDCCH-Config and a subcarrier spacing by higher layer parameter RMSI-scs for PDCCH reception. The UE determines the control resource set and the monitoring occasions for Type0-PDCCH common search space as described in Subclause 14. The Type0-PDCCH common search space is defined by the CCE aggregation levels and the number of candidates per CCE aggregation level given in Table 10.1-1. 

The UE may assume that the DM-RS antenna port associated with PDCCH reception in the Type0-PDCCH common search space and the Type2-PDCCH common search space, and for corresponding PDSCH receptions, and the DM-RS antenna port associated with SS/PBCH reception are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. The value for the DM-RS scrambling sequence initialization is the cell ID. 

For Type0A-PDCCH common search space or for Type-2 PDCCH common search space, the control resource set is same as the control resource set for Type0-PDCCH common search space. A UE is provided a configuration for Type0A-PDCCH common search space by higher layer parameter osi-SearchSpace. A UE is provided a configuration for Type2-PDCCH common search space by higher layer parameter paging-SearchSpace.
A subcarrier spacing and a CP length for PDCCH reception with Type0A-PDCCH common search space, or Type1-PDCCH common search space, or Type-2 PDCCH common search space are same as for PDCCH reception with Type0-PDCCH common search space. 
A UE may assume that the DM-RS antenna port associated with PDCCH reception in the Type0A-PDCCH common search space and the DM-RS antenna port associated with SS/PBCH reception are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters.
A UE may assume that the DM-RS antenna port associated with PDCCH reception and associated PDSCH reception in the Type1-PDCCH common search space are quasi co-located with the DM-RS antenna port of the SS/PBCH reception associated with a corresponding PRACH transmission.
If a value for the DM-RS scrambling sequence initialization for Type0A-PDCCH common search space, or Type1-PDCCH common search space, or Type-2 PDCCH common search space is not provided by higher layer parameter PDCCH-DMRS-Scrambling-ID in SystemInformationBlockType1, the value is the cell ID. 

If a UE is configured for downlink bandwidth part (BWP) operation, as described in Subclause 12, the above configurations for the common search spaces apply for the initial active DL BWP. The UE can be additionally configured a control resource set for Type0-PDCCH common search space, Type0A-PDCCH common search space, Type1-PDCCH common search space, or Type2-PDCCH common search space for each configured DL BWP on the primary cell, other than the initial active DL BWP, as described in Subclause 12. 
Table 10.1-1: CCE aggregation levels and number of candidates per CCE aggregation level for PDCCH scheduling SystemInformationBlockType1 in Type0-PDCCH common search space

	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	X


For a serving cell, higher layer signalling provides a UE with 
[image: image1.wmf]P

 control resource sets. For control resource set 
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 where a UE-specific search space, a Type2-PDCCH common search space, or a Type3-PDCCH common search space is mapped, the higher layer signalling provides:

-
a control resource set index by higher layer parameter CORESET-ID;

-
a DM-RS scrambling sequence initialization value by higher layer parameter PDCCH-DMRS-Scrambling-ID;

-
a number of consecutive symbols provided by higher layer parameter CORESET-time-duration; 

-
a set of resource blocks provided by higher layer parameter CORESET-freq-dom;

-
a CCE-to-REG mapping provided by higher layer parameter CORESET-CCE-to-REG-mapping-type;

-
a REG bundle size, in case of interleaved CCE-to-REG mapping, provided by higher layer parameter CORESET-REG-bundle-size;

-
a cyclic shift for the REG bundle interleaver [4, 38.211] by higher layer parameter CORESET-shift-index; 

-
an antenna port quasi co-location, from a set of antenna port quasi co-locations provided by higher layer parameter TCI-StatesPDCCH, indicating quasi co-location information of the DM-RS antenna port for PDCCH reception;

-
an indication for a presence or absence of a transmission configuration indication (TCI) field for DCI format 1_0 or DCI format 1_1 transmitted by a PDCCH in control resource set 
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, by higher layer parameter TCI-PresentInDCI.
For each control resource set in a DL BWP of a serving cell, a respective higher layer parameter CORESET-freq-dom 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 
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 PRBs where the first PRB of the first group of 6 PRBs has index 
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If the UE has not received an indication for an antenna port quasi co-location from the set of antenna port quasi co-locations provided by TCI-StatesPDCCH, the UE assumes that the DM-RS antenna port associated with PDCCH reception in the UE-specific search space is quasi co-located with the DM-RS antenna port associated with PBCH reception with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. 

For each serving cell that a UE is configured to monitor PDCCH in a search space other than Type0-PDCCH common search space, the UE is configured the following:

-
a number of search space sets by higher layer parameter search-space-config; 

-
for each search space set in a control resource set 
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-
an indication that the search space set is a common search space set or a UE-specific search space set by higher layer parameter Common-search-space-flag; 

-
a number of PDCCH candidates 
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 per CCE aggregation level 
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 by higher layer parameters Aggregation-level-1, Aggregation-level-2, Aggregation-level-4, Aggregation-level-8, and Aggregation-level-16, for CCE aggregation level 1, CCE aggregation level 2, CCE aggregation level 4, CCE aggregation level 8, and CCE aggregation level 16, respectively;

-
a PDCCH monitoring periodicity of 
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 slots by higher layer parameter Monitoring-periodicity-PDCCH-slot;
-
a PDCCH monitoring offset of 
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, by higher layer parameter Monitoring-offset-PDCCH-slot;

-
a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the control resource set within a slot for PDCCH monitoring, by higher layer parameter Monitoring-symbols-PDCCH-within-slot. 
A UE determines a PDCCH monitoring occasion from the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot. 
A PDCCH UE-specific search space 
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 is defined by a set of PDCCH candidates for CCE aggregation level 
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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 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 shall monitor the PDCCH candidates without carrier indicator field. For a serving cell on which a UE monitors PDCCH candidates in a UE-specific search space, if a UE is configured with a carrier indicator field, the UE shall monitor the PDCCH candidates with carrier indicator field.

A UE is not expected to monitor PDCCH candidates on 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 serving cell on which the UE monitors PDCCH candidates, the UE shall monitor PDCCH candidates at least for the same serving cell. 

For a control resource set 
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, the CCEs corresponding to PDCCH candidate 
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 of the search space for a serving cell corresponding to carrier indicator field value 
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where

for any common search space,
[image: image20.wmf]0

,

=

p

k

p

Y

; 

for a UE-specific search space,
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 is the carrier indicator field value if the UE is configured with a carrier indicator field for the serving cell on which PDCCH is monitored; otherwise, including for any common search space, 
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 is the number of PDCCH candidates the UE is configured to monitor for aggregation level 
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 for a serving cell corresponding to 
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for any common search space, 
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for a UE-specific search space,
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 for all corresponding DCI formats over all configured 
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 is defined in [5, TS 38.212] and in [6, TS 38.214].
A UE configured to monitor PDCCH candidates in a serving cell with a DCI format size with carrier indicator field and CRC scrambled by C-RNTI, where the PDCCH candidates may have one or more possible values of carrier indicator field for the DCI format size, shall assume that an PDCCH candidate with the DCI format size may be transmitted in the serving cell in any PDCCH UE specific search space corresponding to any of the possible values of carrier indicator field for the DCI format size.
A UE configured with a bandwidth part indicator in DCI formats 0_1 or 1_1 shall in case of a bandwidth part change derive the DCI information applicable to the new bandwidth aprt as described in Clause 12.

12
Bandwidth part operation 

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

-
When the procedures are applied for MCG, the terms 'secondary cell', 'secondary cells' , 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.

-
When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG.

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 DL-BWP and a set of at most four BWPs for transmissions by the UE (UL BWP set) in an UL bandwidth by parameter UL-BWP for the serving cell. 
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, a UE is provided by higher layer parameter initial-UL-BWP an initial UL BWP for a random access procedure. If the UE is configured with a secondary carrier on the primary cell, the UE can be configured with an initial BWP for random access procedure on the secondary carrier.
For unpaired spectrum operation, a UE can expect that the center frequency for a DL BWP is same as the center frequency for a UL BWP. 
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]:

-
a subcarrier spacing provided by higher layer parameter DL-BWP-mu or UL-BWP-mu;
-
a cyclic prefix provided by higher layer parameter DL-BWP-CP or UL-BWP-CP;
-
a number of contiguous PRBs provided by higher layer parameter DL-BWP-BW or UL-BWP-BW; 

-
an index in the set of DL BWPs or UL BWPs by respective higher layer parameters DL-BWP-index or UL-BWP-index for paired spectrum operation, or a link between a DL BWP and an UL BWP from the set of configured DL BWPs and UL BWPs by higher layer parameter BWP-pair-index for unpaired spectrum operation;
-
a DCI 1_0 or DCI 1_1 detection to a PDSCH reception timing by higher layer parameter DL-data-time-domain, a PDSCH reception to a HARQ-ACK transmission timing value by higher layer parameter DL-data-DL-acknowledgement, a DCI 0_0 or DCI 0_1 detection to a PUSCH transmission timing value by higher layer parameter UL-data-time-domain;
-
an offset of the first PRB of the DL bandwidth or the UL bandwidth, respectively, relative to a first PRB of a bandwidth by higher layer parameter DL-BWP-loc or UL-BWP-loc 

-
For the downlink of the primary cell, the first PRB of the bandwidth is the first RPB of the SS/PBCH block used by the UE for initial cell selection;

-
For the uplink of the primary cell for paired spectrum operation, the first PRB of the bandwidth is the first PRB of the UL bandwidth indicated by SystemInformationBlockType1;

-
For the uplink of the primary cell for unpaired, the first PRB of the bandwidth is the first PRB of the SS/PBCH block used by the UE for initial cell selection;

-
For a secondary cell or carrier, the first PRB of the DL bandwidth or of the UL bandwidth is indicated to the UE by the higher layer configuration for the secondary cell or carrier.
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 is not expected 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 path indicator field is configured in DCI format 1_1, the bandwidth path indicator field value is used to select the active DL BWP, from the configured DL BWP set, for DL receptions. If a bandwidth path indicator field is configured in DCI format 0_1, the bandwidth path indicator field value is used to select the active UL BWP, from the configured UL BWP set, for UL transmissions. 
If t
he bandwidth part indicator in the DCI as defined in [TS38.212] indicates a bandwidth part different from the active bandwidth part the UE shall

-
for each information field in the received DCI

-
if the size of the information field is less than what is required for DCI interpretation for the bandwidth part indicated by bandwidth part indicator the UE shall derive the DCI information applicable to the bandwidth part indicated by the bandwidth part indicator by 
-
prepend zeros to the received information field to match the size required for the bandwidth part indicated by bandwidth part indicator prior to interpreting the DCI information fields

-
if the size of the information field is larger than what is required for DCI interpretation for the bandwidth part indicated by bandwidth part indicator the UE shall derive the DCI information applicable to the bandwidth part indicated by the bandwidth part indicator by
-
use the least significant bits of the received DCI to match the size required for the bandwidth part indicated by bandwidth part indicator prior to interpreting the DCI information fields
-
set the active bandwidth part to the bandwidth part indicated by the bandwidth part indicator in the DCI

For the primary cell, a UE can be provided by higher layer parameter Default-DL-BWP a default DL BWP among the configured DL BWPs. If a UE is not provided a default DL BWP by higher layer parameter Default-DL-BWP, the default BWP is the initial active DL BWP. 
A UE can be provide by higher layer parameter BWP-InactivityTimer a timer value for the primary cell, as described in [11, TS 38.321] and then the UE starts the timer each time the UE detects a DCI format 1_1 indicating an active DL BWP, other than the default DL BWP, for paired spectrum operation or each time the UE detects DCI format 1_1 or DCI format 0_1 indicating an active DL BWP or UL BWP, other than the default DL BWP or UL BWP, for unpaired spectrum operation. The UE increments the timer every interval of 1 millisecond for carrier frequencies smaller than or equal to 6 GHz or every interval of 0.5 milliseconds for carrier frequencies larger than 6 GHz if the UE does not detect any DCI format 1_1 for paired spectrum operation or if the UE does not detect any DCI format 1_1 or DCI format 0_1 for unpaired spectrum operation during the interval. The timer expires when the timer is equal to the BWP-InactivityTimer value. The UE switches to the default DL BWP from an active DL BWP when the timer expires.
If a UE is configured for a secondary cell with higher layer parameter Default-DL-BWP 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 the UE is configured by higher layer parameter Active-BWP-DL-SCell a first active DL BWP and by higher layer parameter Active-BWP-UL-SCell a first active UL BWP on a secondary cell or 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 carrier. 
For paired spectrum operation, a UE is not expected to transmit HARQ-ACK if the UE changes its active UL BWP between a time of a detection of a DCI format 1_1 and a time of a corresponding HARQ-ACK transmission.
A UE is not expected to monitor PDCCH when the UE performs measurements over a bandwidth that is not within the DL BWP for the UE. 
�This text is added at the end. To improve readability I suggest a separate BWP activation section, as well as for large parts of the existing text which also would  benefit from being structured into different subsections.


�Working assumption:


Sizes of all DCI bitfields in DCI formats 0-1 and 1-1 in USS determined by current BWP. Data transmitted on the BWP indicated by the BWP index. If the BWP index activates another BWP, transform as follows:


Zero-pad too small bitfields to match the new BWP


Truncate too large bitfields to match the new BWP








3GPP


_1578491309.unknown

_1578491317.unknown

_1578491326.unknown

_1578491330.unknown

_1578491332.unknown

_1578491334.unknown

_1578491335.unknown

_1578491336.unknown

_1578491333.unknown

_1578491331.unknown

_1578491328.unknown

_1578491329.unknown

_1578491327.unknown

_1578491322.unknown

_1578491324.unknown

_1578491325.unknown

_1578491323.unknown

_1578491320.unknown

_1578491321.unknown

_1578491319.unknown

_1578491313.unknown

_1578491315.unknown

_1578491316.unknown

_1578491314.unknown

_1578491311.unknown

_1578491312.unknown

_1578491310.unknown

_1578491301.unknown

_1578491305.unknown

_1578491307.unknown

_1578491308.unknown

_1578491306.unknown

_1578491303.unknown

_1578491304.unknown

_1578491302.unknown

_1578491297.unknown

_1578491299.unknown

_1578491300.unknown

_1578491298.unknown

_1578491295.unknown

_1578491296.unknown

_1578491294.unknown

