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1 Introduction

This contribution addresses leftover issues on DL control signaling for Rel-15 including PDCCH structure, search space, GC-PDCCH and DCI contents. For each section we also discuss and provide corrections, where necessary, to the endorsed PHY specifications.
2 PDCCH Structure and search space monitoring
2.1 Relationship between SSB, CORESET #0 and Search Space #0

In the last meeting, the previous agreements on how to achieve a common understanding on SSB/CORESET#0/SS#0 were updated as follows:
Agreements:

Update previous agreements as follows:

· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH and for broadcast PDCCH
· Solutions FFS

· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes

· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0

The first bullet in this agreement relates to the TCI state to use for CORESET #0 and it is also a question asked by RAN2 in a reply LS on PDCCH CSS configurations [1]. The following alternatives were discussed in RAN1 but without conclusion:

Alt-1: Clarify that broadcast PDCCH uses selected SSB as QCL source for receiving broadcast data and that configured TCI states for CORESET #0 are used for reception of unicast data scheduled by PDCCH on search spaces other than SS#0

Alt-1’: TCI state can be configured for CORESET #0 where the QCL reference is only an SSB. Once TCI state is configured for CORESET #0, the UE follows QCL assumption based on the TCI state configuration for both broadcast PDCCH and unicast PDCCH in the search space set(s) associated with the CORESET #0
Alt-2:  CORESET #0 is not RRC configured with TCI states. According to the agreement above, the selected SSB is used as the QCL reference for reception of both broadcast and unicast PDCCH transmitted in CORESET #0. The selected SSB is indicated explicitly to the UE by MAC-CE signalling. The MAC-CE message contains the ID of the selected SSB. The selected SSB is the most recent one between MAC-CE and SSB selected as part of CBRA or CFRA.

Alt-3: Any search space associated with the CORESET #0 cannot be used for unicast PDCCH with QCL Type D after RRC connection is established.

Alt-3’: Any search space associated with the CORESET #0 cannot be used for unicast PDCCH with QCL Type D after RRC connection is established. Align 6 PRB grid b/w CORESET #0 and other CORESETs. CORESET other than #0 can be configured for unicast PDCCH so that same physical resource configuration with the CORESET #0 with dedicated TCI-state configuration. In this case, no need to configure TCI state on CORESET #0 itself.
Alt-1 and Alt-1’ introduce new RRC signaling for CORESET #0 which we don’t think is necessary to resolve the problem. More specifically, Alt-1 essentially makes the TCI configuration search-space dependent since the TCI is applicable to search spaces other than search space #0, but this is against the agreement that TCI configuration is CORESET dependent. Alt-1’ on the other hand has less of an impact compared to Alt-1 but it still requires RRC configuration. Furthermore, judicious selection of the TCI state by the network is necessary as multiple UEs monitor at least search space #0 in this CORESET. 
Alt-3 simply prohibits the transmission of unicast PDCCH in CORESET #0 after RRC connection is established. It is against the spirit of the agreement above that unicast PDSCH can be scheduled by a DCI associated with the CORESET #0 because it places restriction on monitoring with QCL Type D linkage. Alt-3’ introduces a configuration for another CORESET which has the same resource allocation as CORESET #0. Actually CORESET #0 is always known by a UE after the initial access procedure. If the network wants to configure a search space associated with CORESET #0, it can directly provide the ID #0 in the SearchSpace IE. Moreover, this solution introduces further specification effort to align the CORESET #0 grid with that of other configured CORESETs (this was previously discussed without any consensuses to change). 
Alt-2 does not introduce new RRC signaling and can be a starting point towards a preferable solution. For this alternative the TCI state indication for UE-specific PDCCH MAC CE is identified by a MAC PDU subheader with LCID. It has a fixed size of 16 bits with following fields: Serving Cell ID, BWP ID, CORESET ID, TCI State ID and reserved bits. Figure 1 shows the MAC CE structure described in [2]. Considering that the TCI-state pool is configured by the gNB, the MAC CE can indicate a TCI-state ID from the TCI-state pool to link to the SSB obtained in CFRA/CBRA. One concern is whether Alt-2 requires modifications to MAC specifications by defining a new MAC CE command. From Figure 1, the CORESET ID field is 2 bits, which supports the maximum of 3 configured CORESETs in a BWP as well as CORESET #0. Therefore, we don’t believe any change is necessary.
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Figure 1 TCI State Indication for PDCCH MAC CE
Furthermore, if the UE selects the TCI state ID = SSB selected as part of a CBRA or CFRA or BM procedure, there is no issue and explicit MAC CE signaling is not needed. Consequently, it is straightforward to specify that the UE monitors search spaces in CORESET #0 with PDCCH DMRS quasi co-located with the SSB the UE identified during the more recent RA procedure in the initial BWP.
Proposal 1: Adopt Alt-2 for CORESET #0 QCL relationship with the following update:

· CORESET #0 is not RRC configured with TCI states. For monitoring search spaces associated with CORESET #0, 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 most recent RA procedure performed in the initial BWP.
At the RAN1 #93 meeting, RAN1 clarified its understanding of a RAN2 agreement on how a UE acquires CORESET #0 and SS #0. RAN2 had further discussion on this issue at the RAN2 AH-1807 meeting, with the following agreement:
	=>
Change "controlResourceSetZero" second sentence to "Even though this field is only configured in the initial BWP (BWP#0) the UE operating in a different BWP acquires the CORESET#0 if the conditions defined in FFS_Spec, section FFS_Section are satisfied)." Similar change to be made to the similar text in searchSpaceZero.

=>
Change to be added to the rapporteur EN-DC CR


We provide a TP for 38.213 Sec. 10.1 to capture the UE behavior according to the RAN1 agreement in #93.

	If a UE is provided with the higher layer parameters controlResourceSetZero and searchSpaceZero in PDCCH-Config the UE determines the corresponding control resource set and search space set according to the procedure described in Subclause 13. The UE monitors PDCCH candidates in a search space set associated with controlResourceSetZero only if the bandwidth determined for controlResourceSetZero in Subclause 13 is contained in the active DL BWP and the active DL BWP is configured with the same numerology as controlResourceSetZero. 


2.2 Other TCI configuration issues 
A related issue is the TCI state for a CORESET after RRC (re)configuration of the higher layer parameter TCI-StatesPDCCH but before the UE has received a MAC CE activation command for one of the TCI states. In TS 38.213 the UE behaviour is described only for initial access:
	If a UE has received initial configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH but has not received a MAC CE activation command for one of the TCI 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. 


First of all it is not clear at what point the UE receives TCI-StatesPDCCH after initial RRC connection as the timing is up to the network. Consequently, it is possible that the initial configuration of TCI-StatesPDCCH occurs after a subsequent RA procedure in connected mode, which implies that the SSB selected during random access in idle mode may not be the most recently selected SSB (or CSI-RS). A more general UE behaviour regarding TCI-StatesPDCCH configuration has been discussed in the previous meeting with the following proposed alternatives:
· Alt-0: After an RRC reconfiguration of TCI-StatesPDCCH for a CORESET and prior to MAC-CE activation of a TCI state for that COREST the default QCL assumption is up to UE implementation
· Alt-1: After an RRC re-configuration of TCI-StatesPDCCH for a CORESET (at least one that is not CORESET#0 or CORESET BFR) and prior to MAC-CE activation of a TCI state for that CORESET, the UE makes the following assumption:
· For an RRC reconfiguration where there is an associated (subsequent) RACH procedure, the UE assumes that PDCCH is QCL with the SSB/CSI-RS identified during the RACH procedure
· For an RRC reconfiguration where there is not an associated RACH procedure, the UE follows the most recent MAC-CE indicated TCI state for PDCCH in the CORESET
· Note: if there is no associated RACH, and no previous MAC-CE indicated TCI state, the UE is not expected to receive PDCCH on that CORESET

· Alt-2: After an RRC reconfiguration of TCI-StatesPDCCH for a CORESET and prior to MAC-CE activation of a TCI state for that COREST the default TCI state is provided by the lowest entry in TCI-StatesPDCCH for the CORESET
It should be noted that this issue is correlated to the larger issue of the network assumption on UE RRC configuration status before a RRC reconfiguration complete message is received. In that sense, Alt-1 is the only reasonable pseudo-fall-back procedure as there is alignment between the UE and network about either the most recent QCL RS from a RA procedure or the most recent MAC-CE indicated TCI state.
Proposal 2: Adopt Alt-1 for TCI state before MAC CE activation. A corresponding TP is as follows

	TP for Sec. 10.1 of 38.213

<Unchanged text omitted>
If a UE has received a configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH but has not received a MAC CE activation command for one of the TCI states of a CORESET, 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 most recent RA  procedure associated with the RRC (re)configuration of the higher layer parameter TCI-StatesPDCCH. Otherwise, if a reconfiguration of TCI-StatesPDCCH is not associated with a RA procedure the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the most recent MAC-CE indicated TCI state for the CORESET.
<Unchanged text omitted>


3 Corrections to UE group-common signaling
RAN2 discussed how to support TDD frame alignment between LTE and NR UL-DL configurations. Note that this issue was also discussed in RAN1 and it was common understanding that the issue could also be resolved by a frame offset between LTE and NR. Other possible solutions include introducing new NR UL-DL periodicities or exact LTE UL-DL configurations (see e.g. R1-1803752). RAN2 preference in their LS to RAN1 [3] is to add {4, 3} ms periodicities to align respectively with LTE UL-DL Configurations 1 and 2. This is okay from a specification perspective as long as the RAN1 agreement that 20 ms is divisible by the concatenated UL-DL periodicity is upheld. However, it should be noted that adding two more values also significantly increases the number of combinations of UL-DL configurations given by the concatenation of the higher layer parameters pattern1 + pattern2. 
Reply to RAN2 LS: RAN1 has not identified any major issues with supporting 3ms and 4ms TDD DL-UL pattern periodicities for the common TDD UL-DL configuration. However, the earlier RAN1 agreement should be maintained that 20ms is divisible by the total the total periodicity should divide 20ms.

4 DCI Contents
RAN2 would like RAN1 to determine how many spare bits should be specified for short paging message transmission in a paging DCI [4]. For Rel-15 only a single bit is needed for indicating either SI modification or ETWS/CMAS notification but for future extension it is best to simply confirm the current RAN1 assumption of 8 bits for DCI format 1_0 in 38.212.   

Proposal 3: Confirm the bit width of the short messages field for a paging DCI as 8 bits.
5 Miscellaneous corrections to 38.213 Section 10
5.1 Sec. 10.1
Search space #0 may be provided in either MIB or PDCCH-ConfigCommon. We also aligned parameter name with current RRC specification.

	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 space sets
-
a Type0-PDCCH common search space set configured by pdcch-ConfigSIB1 in MasterInformationBlock or by searchSpaceZero in PDCCH-ConfigCommon or by searchSpaceSIB1 in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;

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

<Unchanged text omitted>


Type0A-PDCCH common search space or Type2-PDCCH common search space could be configured by either dedicated higher layer signaling or SIB1. Proposed correction is to make more general by removing the qualifier “dedicated”.
	If a UE is not provided by higher layer signaling a control resource set for Type0A-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 Type0A-PDCCH common search space or for Type2-PDCCH common search space are given in Table 10.1-1.


Type1-PDCCH common search space can be configured by a higher layer parameter PDCCH-ConfigCommon. The corresponding CORESET is indicated by the CORESET ID within the configuration linked to ra-searchspace. We align the parameter name with the current 38.331 specifications.
	For Type1-PDCCH common search space, a UE can be provided a configuration for a search space by higher layer parameter ra-SearchSpace. If the control resource set associated with Type1-PDCCH common search space is not provided to the UE by the higher layer parameter ra-SearchSpace , the control resource set for Type1-PDCCH common search space is the same as for Type0-PDCCH common search space. 


For determining the number of candidates monitored by a UE there is no need to say ‘downlink’ because a cell is made up of a DL and one or two ULs (NUL and SUL) if configured.

	If a UE is capable of operation with carrier aggregation with a maximum of 4 cells and the UE is configured with 
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 PDCCH candidates for DCI formats with different size and/or different corresponding DM-RS scrambling sequences, and 
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 non-overlapped CCEs per slot per cell with subcarrier spacing configuration 
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If a UE is capable for operation with carrier aggregation with more than 4 cells, and the UE indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for 
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, and for scheduling on a same cell, the UE is expected to be able to monitor a total of 
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 PDCCH candidates for DCI formats with different size and/or different corresponding DM-RS scrambling sequences per slot over the [image: image16.wmf]m
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 non-overlapped CCEs per slot over the [image: image21.wmf]m
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. The maximum number of PDCCH candidates for DCI formats with different size and/or different corresponding DM-RS scrambling sequences and the maximum number of non-overlapped CCEs per slot and per cell of the 
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If the UE is configured with a total of 
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 downlink cells with same subcarrier spacing configuration [image: image29.wmf]m

 or if the UE indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for 
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 PDCCH candidates for DCI formats with different size per slot on the scheduling cell and 
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 non-overlapped CCEs per slot on the scheduling cell.  




The following was agreed regarding the monitoring of candidates for CSS and USS in the #92bis and #93 meetings

Agreements:
· UE is not expected to be configured with PDCCH monitoring in CSS(s) for more than what UE can monitor in terms of numbers of BDs/CCEs

Agreements:

Confirm the following working assumptions with updates:

· At least for Dec. Drop, Case 1-1 and Case 1-2, map all candidates of USS search-space-set with lower SS set ID before candidates of USS with higher ID 

· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)

Therefore there is no reason to separately define monitored candidates 
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because the either all or none of the candidates are monitored. 

Proposal 4: Remove the term 
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as either all candidates or no candidate is monitored in a search space set.
5.2 Sec. 11
The description of TDD UL-DL configuration can be updated to reflect the current version of the RRC specification by removing references to tdd-UL-DL-ConfigurationCommon2. A draft TP only covering the first part of Sec. 11.1 is provided here for brevity with the understanding that it is straightforward to correct the remaining parts of Section 11..
	11.1
Slot configuration

A slot format includes downlink symbols, uplink symbols, and flexible symbols. 

For each serving cell

If a UE is provided higher layer parameter tdd-UL-DL-ConfigurationCommon, the UE sets the slot format per slot over a number of slots as indicated by higher layer parameter tdd-UL-DL-ConfigurationCommon. 
The higher layer parameter tdd-UL-DL-ConfigurationCommon provides

-
A reference subcarrier spacing [image: image42.wmf]ref
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 by higher layer parameter referenceSubcarrierSpacing
-
One or two DL-UL patterns by higher layer parameters pattern1 and pattern2 respectively
The higher layer parameter pattern1 provides
-
A slot configuration period of [image: image43.wmf]P

 msec by higher layer parameter dl-UL-TransmissionPeriodicity
-
A number of slots [image: image44.wmf]slots
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 with only downlink symbols by higher layer parameter nrofDownlinkSlots
-
A number of downlink symbols [image: image45.wmf]sym
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 by higher layer parameter nrofDownlinkSymbols
-
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 with only uplink symbols by higher layer parameter nrofUplinkSlots
-
A number of uplink symbols [image: image47.wmf]sym
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 by higher layer parameter nrofUplinkSymbols
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 slots include only downlink symbols and a last [image: image62.wmf]slots
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 are flexible symbols. 

The first symbol every [image: image68.wmf]P
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 periods is a first symbol in an even frame.

A UE expects that the reference subcarrier spacing [image: image69.wmf]ref
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 is smaller than or equal to the subcarrier spacing [image: image70.wmf]m

 for any of the configured DL BWP or UL BWP.

If the UE is provided higher layer parameter pattern2, the UE sets the slot format per slot over a first number of slots as indicated by higher layer parameter pattern1 and the UE sets the slot format per slot over a second number of slots as indicated by pattern2. 

The higher layer parameter pattern2 provides


-
A slot configuration period of [image: image72.wmf]2

P

 msec by higher layer parameter dl-UL-TransmissionPeriodicity;
-
A number of slots [image: image73.wmf]slots,2
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 with only downlink symbols by higher layer parameter nrofDownlinkSlots;
-
A number of downlink symbols [image: image74.wmf]sym,2
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 by higher layer parameter nrofDownlinkSymbols;
-
A number of slots [image: image75.wmf]slots,2
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 with only uplink symbols by higher layer parameter nrofUplinkSlots;
-
A number of uplink symbols [image: image76.wmf]sym,2
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 by higher layer parameter nrofUplinkSymbols.

The applicable values of 
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6 Conclusion
This contribution described open issues and corrections to Rel-15 NR PDCCH. For brevity we summarize the proposals here but the reader is encouraged to take note of the TPs in the document.

· Proposal 1: Adopt Alt-2 for CORESET #0 QCL relationship with the following update:
· CORESET #0 is not RRC configured with TCI states. For monitoring search spaces associated with CORESET #0, 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 most recent RA procedure performed in the initial BWP.
· Proposal 2: Adopt Alt-1 for TCI state before MAC CE activation. A corresponding TP is as follows

· Proposal 3: Confirm the bit width of the short messages field for a paging DCI as 8 bits.
· Proposal 4: Remove the term 
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as either all candidates or no candidate is monitored in a search space set.
Besides, we also draft a reply to RAN2 LS: 
· Reply to RAN2 LS: RAN1 has not identified any major issues with supporting 3ms and 4ms TDD DL-UL pattern periodicities for the common TDD UL-DL configuration. However, the earlier RAN1 agreement should be maintained that 20ms is divisible by the total the total periodicity should divide 20ms.
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