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1 Introduction

In RAN1 #92 meeting, discussions on group common PDCCH were held, and the following is agreed. 

Agreements:

· Remove variable slotFormatIndicator from PDCCH-Config from 38.331

· subcarrierSpacing and subcarrierSpacing2 currently in SlotFormatCombination should be moved to SlotFormatCombinationsPerCell

· Recommend RAN2 to change the variable name maxNrofAggregatedCellsPerCellGroup to maxNrofSlotFormatCombinationsPerCell. 

· Use a value of 16 for the above parameter

· For parameter maxNrofSlotFormatCombinationsPerSet, use a value of 4096

· For parameter maxNrofSlotFormatsPerCombination, use a value of 256
· For parameter maxSFI-DCI-PayloadSize, use a value of 128.

· For cell-specific DL/UL assignment, which has tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationCommon2 as shown below, 

· Clarify that when tdd-UL-DL-ConfigurationCommon2 is configured, the cell specific DL/UL pattern is a concatenation of the pattern specified in tdd-UL-DL-ConfigurationCommon and the pattern specified in tdd-UL-DL-ConfigurationCommon2, which is tdd-UL-DL-ConfigurationCommon + tdd-UL-DL-ConfigurationCommon2.


-- A cell-specific TDD UL/DL configuration. 


tdd-UL-DL-ConfigurationCommon

TDD-UL-DL-ConfigCommon










OPTIONAL, -- Cond TDD


-- A second cell-specific TDD UL/DL configuration. 


-- FFS_CHECK: What does the UE do with two? Which one applies? A union of both? If so, how? 


tdd-UL-DL-ConfigurationCommon2

TDD-UL-DL-ConfigCommon










OPTIONAL, -- Cond TDD

Agreements:

· For the CSS which a DCI format 2_0 is configured to be monitored on, the UE will only monitor the first one or two (from SFI configuration) PDCCH candidates of the configured aggregation level for DCI format 2_0

Agreements:

· If a configured DCI format 2_0 is not received, PDCCH monitoring is performed till the next configured DCI format 2_0 monitoring occasion

Agreements:

· Restrict the combined periodicity for cell-specific DL/UL assignment to such that 20ms is a multiple of the combined periodicity

R1-1803498

Agreements:

Adopt the following text in 38.213 Section 11.1.1 for SUL SFI configuration

===Start=========

For unpaired spectrum operation with SUL on a serving cell, the SFI-index field in DCI format 2_0 indicates a combination of slot formats that includes a combination of slot formats for a reference non-SUL carrier and a combination of slot formats for a reference SUL carrier of the serving cell. A UE is provided by higher layer parameter SFI-scs a reference subcarrier spacing configuration of 
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 for the combination of slot formats indicated by the SFI-index field in DCI format 2_0 for the reference non-SUL carrier of the serving cell. The UE is provided by higher layer parameter SFI-scs2 a reference subcarrier spacing configuration of 
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 for the combination of slot formats indicated by the SFI-index field in DCI format 2_0 for the reference SUL carrier of the serving cell. For each (
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 values for the combination of slot formats are applicable to the reference non-SUL carrier and the next value is applicable to the reference SUL carrier. 

The UE is expected to be provided with a reference subcarrier spacing configuration of 
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 so that for an active non-SUL BWP with subcarrier spacing configuration of 
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. The UE is expected to be provided with a reference subcarrier spacing configuration of 
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 so that for an active SUL BWP with subcarrier spacing configuration of 
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. Each slot format for a combination of slot formats indicated by the SFI-index field in DCI format 2_0 for the reference non-SUL BWP is applicable to 
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 consecutive slots for the active non-SUL BWP where the first slot starts at a same time as a first slot in the reference non-SUL BWP. Each slot format for the combination of slot formats for the reference SUL BWP is applicable to 
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 consecutive slots for the active SUL BWP where the first slot starts at a same time as a first slot in the reference SUL BWP.

A reference subcarrier spacing configurations of 
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 is either 0, or 1, or 2 for frequency range 1 and is either 2 or 3 for frequency range 2.   

==========End=========================

Agreements:

· When the cell-specific DL/UL configuration is configured, no explicit offset is provided for the starting slot of the configured period, but the first slot of each even radio frame should be a starting slot of the configured cell-specific DL/UL pattern

Agreements:

· If a configured DCI format 2_0 is not received, before the next configured DCI format 2_0 monitoring occasion, UE will cancel RRC configured transmission, and assume RRC configured DL transmission is not transmitted, during semi-static configured flexible symbols

From the RAN1 #92, many issues for GC PDCCH are addressed such as slot format for specification, UE operations for fallback, and SFI indication for FDD and SUL. As a result a few agreements are derived. For further discussion, we made some proposals about how to indicate UE-specific GP, necessary processing time for cancellation, relations between GC PDCCHs and configurations according to the two period semi-static D/U assignments. (intro는 간단히)
2 Discussions 
2.1 Conditions for DL/UL cancellation
From the previous agreements, the action time of GC PDCCH is defined. For RRC configured DL reception cancellation, same slot cancellation is supported and for RRC configured UL transmission cancellation, N2 timeline is necessary. However, for the configurations from RRC cancellation, it is necessary to consider more detail conditions for accurate UE behavior.
For a RRC configured DL reception, the PDCCH and CSI-RS can be considered as examples. When the symbol or slot configured for CORESET monitoring for other PDCCHs or CSI measurement by RRC is flexible of semi-static D/U assignment, and GC PDCCH is needed to be detected in same or right before resource, UE can be confused whether operate CORESET monitoring or CSI measurement or not because UE needs to have processing time to decide the resource format.
In the case of the CORESET monitoring for other PDCCHs, UE may not need to be concerned whether do or not, because even if UE operation CORESET monitoring first and UE decodes GC PDCCH and is noticed later that some resources of CORESET are ‘Unknown’ or U, UE only needs to ignore the result of blind decoding. However for the CSI measurement case, there are more to consider. It is necessary to divide two cases for CSI measurement cancellation.
· Case 1: CSI measurement for a single result reporting
· Case 2: CSI measurement for accumulated result reporting

In the case 1, if a UE performs CSI measurements before the cancellation indication from GC PDCCH, CSI reporting will be cancelled by GC PDCCH thus it is not a problem to drop this measurement result. However in the case 2, even the CSI reporting is cancelled, UE would still hold the accumulated CSI measurement result thus this may affect next CSI reporting. Of course, if UE can subtract the measurement result when the later cancellation indication from GC PDCCH is decoded, it may not be the issue but this is related to UE implementation capability thus network cannot be guaranteed that the UE can control the CSI measurement outcome. It may need further discussion but for the CSI measurement cancellation, following option can be the solution.
· When the UE has resources for CSI measurement configured by RRC before the cancellation indication from GC PDCCH, UE can operate the CSI measurement for a single result reporting but UE does not for accumulated result reporting.

· To simplify the behavior, the same behavior of no GC PDCCH reception can be considered such that a UE does not perform CSI measurement during GC PDCCH decoding. 

For RRC configured UL transmission cancellation, N2 time should be considered but TA also necessary. From the 38.213, GC PDCCH should indicate the cancellation before the N2 to UE, but UE would prepare the uplink transmission before N2+TA. Actual uplink preparation will be started at least N2+TA before by UE, and if UL transmission cancellation is indicated before N2, it is too late to cancel where UE already on progress to uplink transmission.
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Figure 1. Available cancellation time according to the N2 and TA
Proposal 1: For a RRC configured DL reception cancellation, the detail conditions need to be differently defined by RRC configurations.
Proposal 2: For a RRC configured UL transmission cancellation, not only N2 but also TTA timing should be considered.
Test proposal: From 38.213 11.1.1
…

If a UE is configured by higher layers a transmission of trigger type 0 SRS, or PUCCH, or PUSCH without UL grant, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 indicating a subset of symbols from the set of symbols as downlink or flexible, then 

· the UE is not expected to cancel the transmission in symbols from the subset of symbols that occur, relative to a last symbol of a control resource set where the UE detects the DCI format 2_0, after a number of symbols that is smaller than the PUSCH preparation time N2+TTA. (N2 for the corresponding PUSCH timing capability [6, TS 38.214], TTA for timing advance between downlink and uplink [4.3.1, TS 38.211]);

· the UE cancels the transmission in the remaining symbols of the slot.   
…
2.2 When SFI information becomes effective 
Assuming group common PDCCH is transmitted in every P slots, it needs to clarify how SFIs carried in one group common PDCCH is applied. In general, we can consider that SFIs are applied between slot n to slot n+X-1 where a group common PDCCH is transmitted in slot n and X is the number of slots indicated in the group common PDCCH. Alternatively, we can consider that SFIs are applied between slot n+1 to slot n+X. 

The first approach can have ‘undefined’ OFDM symbols depending on processing time of group common PDCCH by a UE (e.g., during processing time, a UE cannot determine the direction). If a UE needs to perform measurements in such resources, a UE needs to apply the case that a UE has not acquired group common PDCCH (i.e., measurement is not valid). This can be very inefficient. Considering various UE capability and implementation, our general preference is to apply SFIs between slot n+1 to slot n+X when group common PDCCH is transmitted in slot n. 
Proposal 3: SFIs for a cell carried by a GC PDCCH in slot n applies to slot n+1 to slot n+X where SFIs carry X slots information for the given cell.
2.3 Slot format indication less than period
From the previous agreements, slot format is indicated by following process. Slot format table for UE is configured as combinations of formats per slot. Then SFI in GC PDCCH indicates the index of slot format table and UE extracts the entry matched with the index as slot format. The GC PDCCH is transmitted to UE according to the periodicity, but the slot length of indicated slot format and periodicity may not be matched. If the number of slot format indicated slots is multiple of periodicity, it is not cause any problem. However if it is not, some slots do not have slot format even the GC PDCCH is properly received, and UE cannot assure what behavior UE should follow. For these slots, three options can be considered.

· Option 1: UE can consider those slots as ‘Unknown’
· Option 2: UE can consider those slots as Downlink
· Option 3: UE can operate fall back operation (when UE missed or does not received GC PDCCH) in those slots.

· Option 4: UE can assume that slot format indication is false.

The GC PDCCH is received completely and it could be regarded as the gNB does not indicate slot formats for those rest slots intentionally. Thus it may reasonable that option 1 for UE behavior would be appropriated, but it still should be discussed further the necessity of slot format indication for non-multiple slots of periodicity. Furthermore, slot format indication less than period also causes another problem such as UE may need to decide whether receive GC PDCCH is properly detected. The best situation is that GC PDCCH always indicates slot formats for number of slots corresponding the periodicity to prevent confusion.
Additional, it can be considered that the periodicity of GC PDCCH is 5 slots with SCS 30kHz, and the reference SCS of SFI table is 10kHz. In this case, it is hard to match same time duration between periodicity and slot format entry with reference SCS. If the entry of SFI table which indicate the slot format for 3slots with 15kHz, then this slot format is applied to 6 slots with SCS 30kHz. However, the new GC PDCCH can be delivered in 6th slot and this situation could be better than the slot format indication less than 5 slots with SCS 30kHz. From this sense, if it is hard to indicate slot format as multiple of periodicity, the number of slots for slot format indication should be at least same as or larger than periodicity.
Proposal 4: GC PDCCH should indicate the slot formats for number of slots of multiple of periodicity or at least same or larger number of slots than periodicity. If other case is supported, consider slots which are not indicated by GC PDCCH same as the case where GC PDCCH is not received.
Test proposal: From 38.213 11.1.1
…

A DCI format 2_0 indicates a slot format for each slot in a number of slots for each DL BWP or each UL BWP of a serving cell. The indication is by mapping a value of a SFI-index field in DCI format 2_0 for the serving cell to a combination of slot formats for the number of slots as provided by higher layer parameter slot-format-combination. The number of slots of each entry in the combinations provided by higher layer parameter slot-format-combination is the same or larger number of slots than the PDCCH monitoring periodicity of  
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 slots by higher layer parameter Monitoring-periodicity-PDCCH-slot corresponding to a DCI format 2_0. The mapping between values of the SFI-index field and combinations of slot formats is provided by higher layer parameter slot-format-combination-index. A slot format is identified by a corresponding index [4, TS 38.211].
…
2.4 Slot format indication in BWP switching
UE can be configured multiple BWPs even only single BWP is activated at once. This activated BWP can be changed in the progress of communication, thus it is necessary to define the way how the SFI is indicated for changed active BWP. When BWP is changed, there would not be a problem if new SFI for new BWP is indicated. However, especially the case that an SFI for earlier BWP is indicated but BWP is changed to new BWP in the middle between group common PDCCH transmission intervals. In case new BWP changes numerology as well, two options can be considered.
· Option 1: A UE can ignore the earlier SFI and switches to fall back operation.
· Option 2: A UE inherits the earlier SFI, and switches SFI information based on the numerology of new BWP. 

With option 1, UE behavior becomes simple, but it is inefficient that UE cannot follow the operations indicated by SFI and also should wait for other format or direction indication. However, on the other hand, the configured BWPs can be assumed in same carrier, thus it is difficult to have different slot direction in the same time. It means that the slot format from earlier BWP and that of later BWP would be almost same. From this sense, UE can apply the slot format for earlier BWP to changed BWP having difference numerology if there is SFI change rule according to the numerology.
Proposal 5: Received SFI via GC PDCCH and semi-static DL/UL configuration are valid regardless of BWP switching. In case BWP switching changes numerology, determine SFI information based on the new numerology. 
2.5 Relationship between GC PDCCH and earlier GC PDCCH
Slot format is indicated by SFI in the GC PDCCH which delivers the index of UE-specific SFI table. The periodicity of GC PDCCH also can be configured and the slot format indicated slots’ number can be larger than the period. Then the middle of the format indicated slots, new GC PDCCH can be delivered. It means that slot formats for some slots are indicated twice. For this situation, UE needs to be decide which information for slot format should be followed.
Some options can be considered.
· Option 1: Follow new GC PDCCH always
· Option 2: Follow earlier GC PDCCH for overlapped slot and follow new GC PDCCH for the rest slots

· Option 3: Drop new GC PDCCH if the new GC PDCCH indicates different slot format for overlapped slot

· UE assumes that slot format for overlapped slot is not changed.

· Network always indicates same format for overlapped slot
If option 1 is followed, many additional operations can be achieved. The resource can be reserved by being updated to ‘Unknown’, or UE can operate signal reception such as additional CSI measurement or CORESET monitoring. However, the situation that UE does not receive or detect new GC PDCCH properly should be considered. If UE does not know updated slot format, UE cannot be operated as what network intends. For example, certain resource is indicated as uplink from earlier GC PDCCH, and new GC PDCCH indicates updated slot format to make resource ‘Unknown’, but if UE does not received new GC PDCCH then UE will transmit signal that causes interference to other UEs. To prevent this problem, it can be assumed that slot format of overlapped slot is not updated with new GC PDCCH. The difference between option 2 and option 3 is that whether new GC PDCCH indicates same slot format for overlapped or not. If option 3 is followed, UE can classify that if new GC PDCCH indicates different slot format for overlapped slot, UE decides this GC PDCCH is error and can drop it. Furthermore, network can indicate same slot format for same slot repeatedly, thus slot format can be secured even some slot formats of past are missed.
Proposal 6: Every GC PDCCH should indicate the same slot format for the same slot.
Test proposal: For 38.213 11.1.1
…

For a set of symbols of a slot, that the direction for this set of symbols of a slot mapped by a value of a SFI-index field in DCI format 2_0 in the combinations provided by higher layer parameter slot-format-combination is mapped more than once via values of SFI-index fields in more than one DCI format 2_0

· UE shall receive PDCCH or PDSCH or CSI-RS in the set of symbols of a slot if UE receive the indication of downlink by a value of a SFI-index field in the first DCI format 2_0.

· UE shall transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of a slot if UE receive the indication of uplink by a value of a SFI-index field in the first DCI format 2_0.
…
2.6 SFI indication for extended CP
In the normal CP (NCP) mode with SCS 15kHz, there are 14 symbols in 1 slot. Contrasting with NCP, there are 12 symbols in 1 slot with ECP. The mother slot format table in 38.211 is defined based on a NCP, thus there are necessary to define that how UE interprets this slot format table for NCP to ECP slot format.
For the first option, the slot format table in specification for ECP can be defined individually. For this work, same progress to make new slot format table is necessary and it would be hassle. However, with this new slot format table, UE has no confusion to interpret SFI for ECP.

The second option is making slot format change rule for ECP from NCP slot format. With this rule, only single slot format table is necessary. ECP and NCP mode have different symbol number but the resource direction should be similar because of interference. It means that, in the time domain perspective, even UE have ECP configuration but only is given NCP slot format, UE has to secure the similar time duration of downlink, flexible and uplink. In this sense, simple principle that excluding some symbols of NCP slot format to match the symbol number of ECP mode is hard to apply. Figure 2 represents the symbol structures of NCP and ECP. One symbol of ECP straddles two symbols of NCP. It means that to decide the symbol direction of ECP, the direction of two symbols of NCP should be considered. When these two symbols have same direction, it is easy to define the direction of ECP symbol, but otherwise, it need the rule. For the slot format changing between NCP and ECP, following rules can be consider.
· Rule 1: NCP symbol D, D => ECP symbol D

· Rule 1-1 opt1: NCP symbol D, X => ECP symbol D

· Rule 1-1 opt2: NCP symbol D, X => ECP symbol X

· Rule 2: NCP symbol U, U => ECP symbol U

· Rule 2-1 opt1: NCP symbol X, U => ECP symbol U

· Rule 2-1 opt2: NCP symbol X, U => ECP symbol X
· Rule 3: NCP symbol X, X => X
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Figure 2. Symbol structures of NCP an ECP in SCS 60kHz
With this rule, UE can decide the symbol direction of ECP. However, if UE has this rule, some combination of options can cause certain status that there is no X in the slot, such as Rule 1-1 opt1 and Rule 2-1 opt1 combination when NCP has only one X. To secure the D to U switching time (GP) at least one X should be necessary between D and U symbols. To solve this problem, additional rule for GP can be defined, and for example, following rule can be helpful to hold minimum GP

· If there is no X between D and U symbols, the last D symbol becomes X symbol.

With these slot format changing rule and additional rule for GP, UE can easily modified the slot format for ECP.
Proposal 7: Slot format changing rule for ECP considering the time duration of resource is necessary.
3 Conclusion 
In this contribution, we discuss on the structure of group common PDCCH. Based on the discussion, we obtained following proposals.
Proposal 1: For a RRC configured DL reception cancellation, the detail conditions need to be differently defined by RRC configurations.

Proposal 2: For a RRC configured UL transmission cancellation, not only N2 but also TTA timing should be considered.
Proposal 3: SFIs for a cell carried by a GC PDCCH in slot n applies to slot n+1 to slot n+X where SFIs carry X slots information for the given cell.
Proposal 4: GC PDCCH should indicate the slot formats for number of slots of multiple of periodicity or at least same or larger number of slots than periodicity. If other case is supported, consider slots which are not indicated by GC PDCCH as Unknown.
Proposal 5: Received SFI via GC PDCCH and semi-static DL/UL configuration are valid regardless of BWP switching. In case BWP switching changes numerology, determine SFI information based on the new numerology. 
Proposal 6: Every GC PDCCH should indicate the same slot format for the same slot.
Proposal 7: Slot format changing rule for ECP that considering the time duration of resource is necessary.
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