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1 Introduction
In this contribution, we discuss some remaining issues on PDCCH for Rel-15 NR specifications, including the open issue regarding DCI format determination and control resource sets configuration and several necessary corrections to TS38.213 on PDCCH search space configuration and monitoring, dynamic SFI, etc. 
2 On DCI format size determination
In the RAN1 #92bis meeting, some issues around DCI format sizes and BWPs were discussed, resulting in the following agreement [1]:  
	Agreements:

· To confirm the following working assumption with update

Working assumption:

· When monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is given by

· For format 0-0/1-0 (regardless of RNTI) in CSS, the size is given by the initial DL BWP

· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled 

· FFS: Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP

Agreements:

· For DCI format 1-0 in CSS with P-RNTI, SI-RNTI, RA-RNTI, C-RNTI, CS-RNTI, or TC-RNTI:

· the RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in

· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWP.

· The case of TC-RNTI is a working assumption

· The case of C-RNTI/CS-RNTI is at least applicable to non-CA case and Pcell in CA

· FFS other cases


For the initial BWP configuration, RAN1 has received an LS [2] from RAN2 where it informs that two different options has been agreed to support for bandwidth combinations as follows: 

Option 1:
BWP-DownlinkCommon/UplinkCommon for initialDownlink/UplinkBWP (BWP ID #0) plus BWP-Downlink/Uplink for one configured downlink/uplinkBWP (BWP ID #1);

Option 2:
BWP-DownlinkCommon/UplinkCommon and BWP-DownlinkDedicated/UplinkDedicated for initialDownlink/UplinkBWP (BWP ID #0).
Specifically, option 2 allows the bandwidth of initial BWP configured by UE dedicated message to override that indicated by SIB1, targeting to improve the resource utilization for the cases of P/SCell addition and handover. However, as DCI format 1-0 in CSS for SIB1/paging/RAR is determined based on the BW of initial BWP, Option 2 may result in different sizes of DCI 1-0 in a CSS for different UEs depending on how they obtain the initial BWP, i.e.. acquiring from SIB1 vs. from dedicated message. As a result, gNB has to transmit a same broadcast messages transmission multiple times using different DCI format 1-0 to reach different UEs and hence decrease the resource efficiency. To address this problem, the previous agreement was further updated in RAN1 #94 meeting [3] to tie the DCI format sizes with the size of SIB1-configured CORESET#0, which ensures a consistent DCI format sizes for all the UEs.  
	Agreements:

· Modify the agreements in RAN1#92bis as follows.

· When monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is given by

· For format 0-0/1-0 (regardless of RNTI) in CSS, the size is given by the initial DL BWPCORESET#0
· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled

· Otherwise, for format 0-0/1-0, the size is given by the initial DL BWPCORESET#0
· For DCI format 1-0 in CSS with P-RNTI, SI-RNTI, RA-RNTI, C-RNTI, CS-RNTI, or TC-RNTI:
· the RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in
· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWPCORESET#0.

· Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 as defined by the initial BWP in CSS
· Modify the agreements in RAN1#91 as follows if Option #2 is supported in PCell

· CORESET configured by RMSI is confined within the initial DL BWPthe bandwidth of CORESET#0


The new agreement works well to avoid multipile DCI 1-0 sizes problem assuming there is CORESET #0 being configured on a standalone NR CC. However, it is worth noting that CORESET #0 may not be present for some EN-DC only SCells (without broadcasted SIB1), where network intends to operate them for NR-SA UEs only. This is supported by Rel-15 specificaiton by configuring ssb-SubcarrierOffset > 23 for a given SCell. This new agreement, however, does not provide solutions to handle the DCI format size for the case that the CORESET #0 is not configured. Discussion is needed to complete the specification to cover all cases.  

In our view, the simplest way is to sort of fallback to previous agreement i.e using initial BWP to determine the size of DCI 1-0 if CORESET #0 is not present. 
Proposal 1
· Correcting the previous agreement listed above is applied if CORESET#0 is configured, otherwise initial DL BWP is used.  
3 Corrections to TS38.213 in response to RAN2 LS

Recently, there has been an LS from RAN2 [4] with the following information. 

	1 Overall Description:

RAN2 discussed about the CSS configurations and decided to make some corrections to the PDCCH-ConfigCommon.IE (see Annex for more details).

For the corrections, RAN2 decided to remove the default monitoring occasions as described in 38.213 section 10.1 and section 13 for the case that the search space configuration is absent for a configured BWP.


In addition, RRC specification assumes RAN1 specification specifies the conditions in what cases UE can acquire system information from the active BWP via the CORESET0. The conditions were informed to RAN2 via the LS (R1-1805726).

2 Actions:

ACTION: RAN2 would kindly request RAN1 to take into account the RAN2 decision and specify the conditions in what cases UE can acquire system information via the CORESET0 in the RAN1 specification.
Annex: Changes to PDCCH-ConfigCommon

–
PDCCH-ConfigCommon
The IE PDCCH-ConfigCommon is used to configure cell specific PDCCH parameters provided in SIB as well as during handover and PSCell/SCell addition.

PDCCH-ConfigCommon information element

-- ASN1START

-- TAG-PDCCH-CONFIGCOMMON-START

PDCCH-ConfigCommon ::=



SEQUENCE {


controlResourceSetZero



ControlResourceSetZero











OPTIONAL, 
-- Cond InitialBWP-Only

commonControlResourceSet


ControlResourceSet









OPTIONAL, 
-- Need R


searchSpaceZero





SearchSpaceZero










OPTIONAL, 
-- Cond InitialBWP-Only

commonSearchSpaceList



SEQUENCE (SIZE(1..4)) OF SearchSpace







OPTIONAL,
-- Need R


searchSpaceSIB1





SearchSpaceId













OPTIONAL,
-- Need R

searchSpaceOtherSystemInformation
SearchSpaceId













OPTIONAL,
-- Need R

pagingSearchSpace




SearchSpaceId













OPTIONAL, 
-- Need R

ra-SearchSpace





SearchSpaceId













OPTIONAL, 
-- Need R

...

}

-- TAG-PDCCH-CONFIGCOMMON-STOP

-- ASN1STOP

PDCCH-ConfigCommon field descriptions
commonControlResourceSet
An additional common control resource setwhich may be configured and used for RAR/paging/system information. If the network configures this field, it uses a ControlResourceSetId other than 0 for this ControlResourceSet.

commonSearchSpaceList
A list of additional common search spaces. If the network configures this field, it uses the SearchSpaceIds other than 0.

controlResourceSetZero
Parameters of the common CORESET#0. The values are interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. Even though this field is only configured in the initial BWP (BWP#0) controlResourceSetZero can be used in search spaces configured in other DL BWP(s) than the initial DL BWP if the conditions described in 38.213 [13], section 10 are sartisfied.

pagingSearchSpace
D of the Search space for paging. Corresponds to L1 parameter 'paging-SearchSpace' (see 38.213, section 10). If the field is absent, UE does not receive paging in this BWP  .

ra-SearchSpace
D of the Search space for random access procedure. Corresponds to L1 parameter 'ra-SearchSpace' (see 38.214?, section FFS_Section) If the field is absent, UE does not receive RAR in this BWP . This field is mandatory present in the DL BWP(s) if the conditions described in TS 38.321 [3], subclause 5.15 are met.

searchSpaceOtherSystemInformation
D of the Search space for other system information, i.e., SIB2 and beyond. Corresponds to L1 parameter 'osi-SearchSpace' (see 38.213, section 10) If the field is absent, UE does not receive other system information in this BWP.

searchSpaceSIB1
ID of the search space for SIB1 message. If the field is absent, UE does not receive SIB1 in this BWP.

Corresponds to L1 parameter 'rmsi-SearchSpace' (see 38.213, section 10)

searchSpaceZero
Parameters of the common SearchSpace#0. The values are interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. Even though this field is only configured in the initial BWP (BWP#0) searchSpaceZero can be used in search spaces configured in other DL BWP(s) than the initial DL BWP if the conditions  described in 38.213 [13], section 10 are sartisfied.

Conditional Presence

Explanation

InitialBWP-Only

The field is mandatory present in the PDCCH-ConfigCommon of the initial BWP (BWP#0) in dedicated signalling. It is absent in other BWPs and when sent in system information. 




Next, we present the relevant RAN1 response listing the conditions for acquiring SI using CORESET #0 from a non-initial DL BWP [5]:

	Question 4: Can UE support reception of broadcast SI from non-active BWP while staying in UE’s active BWP, when SI is provided in a non-active BWP part overlapping with UE’s active BWP?

Answer: An UE can support the reception of broadcast SI when the following conditions are met from UE perspective.
· The PDCCH in the dedicated RRC configured common search space schedules PDSCH carrying the broadcast SI, and 
· The CORESET and the common search space for the above PDCCH and the PDSCH carrying the broadcast SI are within an UE’s active DL BWP, using the numerology (including subcarrier spacing & CP type) configured to the UE’s active DL BWP


In response to the above request from RAN2 and the conditions listed in the earlier RAN1 response LS, the following update is proposed to TS38.213:

Proposal 2
· Update TS38.213, Section 12 as follows to capture conditions for monitoring of CORESET #0 and SS#-0 from a non-initial DL BWP:

-------------------------------------------- Text proposal starts for TS 38.213, Section 12 ----------------------------------------

For each DL BWP in a set of DL BWPs of the PCell or of the PUCCH-SCell 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, of the MCG in the active DL BWP.
A UE can be configured to receive a DCI format with CRC scrambled by a SI-RNTI and the associated PDSCH in a DL BWP on the primary cell in the control resource set configured by higher layer parameter controlResourceSetZero associated with the search space set configured by higher layer parameter searchSpaceZero, or a Type0-PDCCH common search space for the DL BWP by higher layer parameter PDCCH-Config, or a Type0A-PDCCH common search space for the DL BWP by higher layer parameter PDCCH-Config if the resource blocks of the control resource set configured by controlResourceSetZero and the the resource blocks assigned for the scheduled PDSCH are within the DL BWP and use the same subcarrier spacing and cyclic prefix as configured for the 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 9.2.1. 
-------------------------------------------- Text proposal ends for TS 38.213, Section 12 ------------------------------------------

4 Corrections to TS38.213 on dynamic SFI

Currently, TS38.213, Section 11.1.1 states the following regarding handling of link-direction conflicts between dynamic SFI and the first transmission opportunity for Type 2 CG PUSCH triggered by the activation DCI:

	-
a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as downlink if the set of symbols of the slot includes symbols corresponding to a first repetition of a PUSCH transmission activated by an UL Type 2 grant PDCCH as described in Subclause 10.2


The relevant RAN1 agreement was (relevant parts highlighted):
	Agreements:
· Transmission direction implied by cell-specific RRC configuration cannot be overwritten by dynamic SFI to the other direction
· Transmission direction implied by cell-specific RRC configuration for SCell/PSCell delivered in UE-specific manner cannot be overwritten by dynamic SFI to the other direction

· For DCI granted multi-slot transmission (PDSCH/PUSCH/PUCCH) vs semi-static DL/UL assignment

· If semi-static DL/UL assignment configuration of a slot has no direction confliction with scheduled PDSCH/PUSCH/PUCCH assigned symbols, the PDSCH/PUSCH/PUCCH in that slot can be transmitted

· If semi-static DL/UL assignment configuration of a slot has direction confliction with scheduled PDSCH/PUSCH/PUCCH assigned symbols, the PDSCH/PUSCH/PUCCH transmission in that slot is cancelled

· Transmisson direction implied by UE-specific RRC configuration is treated together as “measurement”

· Currently already include: Measurement related signals semi-statically configured by UE-specific RRC (eg. periodic/semi-persistent CSI-RS for CSI report, periodic CSI report, periodic/semi-persistent SRS) where a DL or UL direction will be assumed

· This includes UE-specific RRC PRACH configuration per each BWP, type 1 grant free UL transmission, type 2 grant free UL transmission 

· For type 2 UL transmission without grant, only the transmission at the first activated resource is treated as “UE-specific data”

· FFS: Configured resources for RRM for neighbor cell measurement

· Configured PDCCH monitoring under semi-static “unknown” (if not overwritten) is performed

Agreements:
· NR does not support the following: 
· Transmission of UL UE-specific data and measurement related signals not semi-statically configured by RRC is overridden by “unknown” in dynamic SFI

· For DCI granted multi-slot transmission (PDSCH/PUSCH/PUCCH) vs dynamic SFI, when there is no semi-static DL/UL assignment or the semi-static DL/UL assignment indicates unknown

· Follow scheduled multi-slot transmission




While the above-quoted agreement may not have been sufficiently self-contained, the intention was to treat all repetitions of the PUSCH together (in case the UE is configured with a repK value > 1) as similar to a dynamically triggered transmission. This is not aligned with the current description in TS38.213 wherein only the first repetition is exempt from conflicting link direction from dynamic SFI. 

Accordingly we make the following proposal.

Proposal 3
· Update TS38.213, Section 11.1.1 as follows to capture correct interpretation of RAN1 agreement on interaction between dynamic SFI and the first transmission occasion for a PUSCH:

-------------------------------------------- Text proposal starts for TS 38.213, Section 11.1.1 ----------------------------------------

-
a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as downlink or flexible if the set of symbols of the slot includes symbols corresponding to a first PUSCH transmission or any repetition of the PUSCH activated by an UL Type 2 grant PDCCH as described in Subclause 10.2
-------------------------------------------- Text proposal ends for TS 38.213, Section 11.1.1 ------------------------------------------

According to current agreements, any dynamically scheduled PUSCH transmission is not subject to cancellation due to reception of SFI indicating conflicting transmission directions. The dynamically scheduled PUSCH includes both scheduling by DCI format 0_0 and 0_1 of dynamic PUSCH or dynamic retransmission to configured grant, or the first configured grant resource after the activation by DCI format 0_0 and 0_1 addressed to CS-RNTI.

However, it is crucial to also consider PUSCH after de-activation DCI as also dynamic PUSCH (i.e. not subject to cancellation by SFI) since according to MAC procedures it should carry the MAC CE with configured grant confirmation.

Accordingly, PUSCH resource (including any repetitions when configured with slot aggregation) in a BWP after the DCI deactivation of configured grant Type 2 should be considered as dynamically scheduled PUSCH and therefore should not be subjected to cancellation due to transmission direction conflict with SFI. Here, “direction conflict with SFI” includes the cases wherein a dynamic SFI, carried by DCI format 2_0, may indicate at least one of the symbols overlapping with the time-domain resources to carry the PUSCH with the Configured Grant Confirmation MAC CE as either DL or flexible symbol.
Proposal 4
· A UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as downlink or flexible if the set of symbols of the slot includes symbols corresponding to a PUSCH transmission, including any of its repetitions, carrying the MAC CE with configured grant confirmation in response to an UL Type 2 grant PDCCH scheduling release.
5 Conclusion 
In this contribution, we presented our views on the open issue regarding DCI format determination and control resource sets configuration and several corrections related to NR PDCCH in Rel-15. Based on the presented discussion, we have the following proposals:
Proposal 1

· Correcting the previous agreement listed above is applied if CORESET#0 is configured, otherwise initial DL BWP is used.  

Proposal 2
· Update TS38.213, Section 12 as follows to capture conditions for monitoring of CORESET #0 and SS#-0 from a non-initial DL BWP:

-------------------------------------------- Text proposal starts for TS 38.213, Section 12 ----------------------------------------

For each DL BWP in a set of DL BWPs of the PCell or of the PUCCH-SCell 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, of the MCG in the active DL BWP.
A UE can be configured to receive a DCI format with CRC scrambled by a SI-RNTI and the associated PDSCH in a DL BWP on the primary cell in the control resource set configured by higher layer parameter controlResourceSetZero associated with the search space set configured by higher layer parameter searchSpaceZero, or a Type0-PDCCH common search space for the DL BWP by higher layer parameter PDCCH-Config, or a Type0A-PDCCH common search space for the DL BWP by higher layer parameter PDCCH-Config if the resource blocks of the control resource set configured by controlResourceSetZero and the the resource blocks assigned for the scheduled PDSCH are within the DL BWP and use the same subcarrier spacing and cyclic prefix as configured for the 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 9.2.1. 
-------------------------------------------- Text proposal ends for TS 38.213, Section 12 ------------------------------------------

Proposal 3
· Update TS38.213, Section 11.1.1 as follows to capture correct interpretation of RAN1 agreement on interaction between dynamic SFI and the first transmission occasion for a PUSCH:

-------------------------------------------- Text proposal starts for TS 38.213, Section 11.1.1 ----------------------------------------

-
a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as downlink or flexible if the set of symbols of the slot includes symbols corresponding to a first PUSCH transmission or any repetition of the PUSCH activated by an UL Type 2 grant PDCCH as described in Subclause 10.2
-------------------------------------------- Text proposal ends for TS 38.213, Section 11.1.1 ------------------------------------------

Proposal 4
· A UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as downlink or flexible if the set of symbols of the slot includes symbols corresponding to a PUSCH transmission, including any of its repetitions, carrying the MAC CE with configured grant confirmation in response to an UL Type 2 grant PDCCH scheduling release.
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