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1. Introduction

Group common PDCCH was discussed in RAN1 #90bis, and the following agreements were achieved [1].
Agreements:

· For GC-PDCCH monitoring, confirm the working assumption

· UE can be configured to monitor SFI in group common PDCCH for a Scell on a different cell 

Agreements:

· For cross cell GC-PDCCH monitoring, support by RRC configuration for a UE the following:

· The same SFI can be applicable to more than one cell

· Different SFI fields in one GC-PDCCH can be applied to different cells

· FFS interaction with multiple BWP configuration per cell

Agreements:

· The UE is not expected to have conflict on link (DL or UL) direction between that of dynamic SFI and that of UE specific data (UE specific DCI triggered PDSCH, PUSCH (grant-based), and PUCCH with A/N for a PDSCH) in Rel-15

· Note: a link direction denoted as “unknown” in dynamic SFI is not deemed as in conflict with DL or UL

Agreements:

· The single slot format table supports up to two D/U switching points per slot 

· Zero switching point: 14 DL symbols, or 14 unknown symbols, or 14 UL symbols.

· One D/U switching point of all combinations: Start with zero or more DL symbols, end with zero or more UL symbols, and with unknown symbols in between, where there is at least one unknown symbol and one DL or UL symbol.

· Two D/U switching points within a slot: The first 7 symbols start with zero or more DL symbols, ends with at least one UL symbol at symbol #6 with zero or more unknown symbols in between. The second 7 symbols starts with one or more DL symbols and ends with zero or more UL symbols with zero or more unknown symbols in the middle. 

· Note: This single slot slot format table will be captured in RAN1 spec. In Rel.15, RAN1will specify up to X<[256] entries, but the RRC signaling need to consider future compatibility with more entries and from RAN1 perspective, a total of [256] entries in the RRC signalling is necessary (with only X entries specified in Rel-15 in RAN1)

Agreements:

· gNB configures a per serving cell GC-PDCCH (for dynamic SFI) monitoring periodicity of K slots (based on GC-PDCCH numerology), up to 8 choices

· K = 1, 2, 5, 10, 20

· FFS other values

Agreements:

· For the UE specific single-slot/multi-slotset SFI table configuration

· Each entry of the table indicates a sequence of configured single-slot slot formats 

· Note if the sequence length is 1, the entry is a single-slot slot format

· Note if the sequence length is more than one, the entry is a multi-slot slot format

· Note that it is possible all the slots in a multi-slot slot-format can have the same slot format

· Note The entries in the table can be of different length including a mix of single slot SFI and multi-slot SFI

· The length of each entry in the table is FFS, e.g., multiple of configured GC-PDCCH monitoring period, a fraction of the configuration GC-PDCCH monitoring period, etc.

Agreements:

· GC-PDCCH for dynamic SFI monitoring

· For same cell GC-PDCCH monitoring: UE is required to monitor at most one GC-PDCCH per spatial QCL per configuration period carrying dynamic SFI in the active BWP in the cell

· The coreset(s) is located in the first 1/2/3 symbols in a slot

· Configuration of GC-PDCCH for UE to monitor is FFS especially considering interaction with BWP configuration

· Note: This is not intended to address the case of multi-TRP which is deprioritized before Dec. 

· When configuring the GC-PDCCH monitoring for dynamic SFI, the gNB will configure the payload length 

· When configuring the GC PDCCH monitoring for dynamic SFI for a serving cell, the gNB will configure the location of the bits used for the dynamic SFI in the payload

Agreements:

· For the cell-specific higher layer signalling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. The signaling include: 

· For DL resources indication, the signaling include:

· Number of full DL slot(s) (x1) at the beginning of the period. Values for x1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)}
· Number of DL symbol(s) follow the full DL slots (x2). Values for x2 include {0,1,…, 13}

· For UL resource indication, the signaling include:

· Number of full UL slot(s) (y1) at the end of the period. Values for y1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)} 

· Number of UL symbol(s) (y2) preceeds full UL slots. Values for y2 include {0,1,…, 13} 

· The resource(s) in a period between DL and UL segments are unknown resources.

· FFS The UE does not receive and not transmit on ‘Unknown’ resources in cell-specific higher layer signalling if not otherwise indicated.

Agreements:

· For the UE-specific higher layer signalling on semi-static DL/UL assignment, 

· The signaling includes the indication as per slot basis, the signalling includes:

· Number of DL symbol(s) (y3) in the beginning of slot No.x3

· Values for x3 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y3 include {0,1,…,13,14}
· Number of UL symbol(s) (y4) in end of slot No.x4

· Values for x4 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y4 include {0,1,…,13,14}
· The resource(s) in a slot without DL/UL indication are unknown resource(s).

· FFS the UE does not receive and not transmit on ‘Unknown’ resources in UE-specific higher layer signalling if not otherwise indicated.

· FFS At most single DL/UL switching point exists in a UL-DL switching periodicity. 

Agreements:

· GC-PDCCH for SFI is associated with a SFI RNTI by configuration 

In this contribution, we will further discuss remaining issues of group common PDCCH, including the following topics:

· Cross-carrier SFI indication
· Contents of dynamic SFI

· UE behavior if configured group common PDCCH is not detected.

· Override rules
2. Cross-carrier SFI indication

For GC-PDCCH SFI indication, it was agreed that:

Agreements:
· For cross cell GC-PDCCH monitoring, support by RRC configuration for a UE the following:

· The same SFI can be applicable to more than one cell

· Different SFI fields in one GC-PDCCH can be applied to different cells

· FFS interaction with multiple BWP configuration per cell
One SFI transmitted on one cell can indicate the slot format for more than one cell and different fields in the GC-PDCCH with SFI can be applied to different cells. One potential issue of cross-carrier SFI indication is that different cell or different BWP may have different numerology. For example, the subcarrier spacing is 15kHz for carrier 1 and 30kHz for carrier 2. In this case, the length of one slot of carrier 1 equals to the length of two slots of carrier 2. If a GC-PDCCH with SFI is transmitted on carrier 1 and is used to indicate slot format of both carrier 1 and carrier 2, that will result in that it can only indicate slot format of half of the slots on carrier 2 because of different slot length. 
Observation 1: if different carriers have different numerology, cross-carrier SFI indication cannot indicate slot format for all of the slots on the carrier with larger subcarrier spacing. 

The SFI indication can be assumed to be based on a fixed numerology, for example 15kHz subcarrier spacing. If a SFI is applied to a carrier, all of the slots corresponding to the same slot of 15kHz subcarrier spacing have the same SFI. For example, there are two carriers and the subcarrier spacing is 15kHz for carrier 1 and 30kHz for carrier 2. If a SFI is transmitted on carrier 1 and is used to indicate the slot format for both carrier 1 and carrier 2, then the SFI is used to indicate slot format of single slot on carrier 1 and two consecutive slots on carrier 2. An illustration of cross-carrier SFI indication is shown in the following figure.
Proposal 1: For cross-carrier SFI indication, the SFI indication is assumed to be based on a fixed numerology 
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Figure 1 Illustration of cross-carrier SFI indication
It was agreed that different fields in the SFI can be applied to different carriers. In Rel-15, up to 16 carriers are supported for carrier aggregation. If one SFI is used to indicate all of the carriers, the number of bits of SFI is too larger. For example, each entry for indicating slot format is 6 bits, then the total number of bits of SFI to indicate all of the carriers are approximate 100bits. Considering the agreement that the gNB will configure the payload length of SFI, we propose that the number of carriers that a SFI can be applied to is configurable. 

Proposal 2: gNB can configure the number of carriers that a SFI is applied to
3. Contents of dynamic SFI
As discussed in previous section, the number of carriers that a SFI is applied to can be configured by gNB. SFI should contain the number of carriers and also the carrier index that the SFI is applied to. The slot formation indication for each carrier can be an entry that is selected from a predefined table. One illustration of this is shown in Figure 2.
Proposal 3: SFI contains the following fields: 

· Number of carriers

· Per carrier index

· SFI entry of each carrier.
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Figure 2 Illustration of SFI contents
Dynamic SFI can be used to indicate the slot format for multiple slots or single slot. An illustration of dynamic SFI indication is shown in Figure 3. In the case of multi-slot indication, a dynamic SFI is transmitted in the first slot and it is used to indicate the slot format of the following 4 slots. In the case of single slot indication, a dynamic SFI is only used to indicate the slot format of the slot in which the SFI is transmitted. To differentiate multi-slot indication and single slot indication, a field can be included in dynamic to indicate the number of slots that the indicated slot format is applied.

Proposal 4: A field in dynamic SFI to indicate the number of slots that the slot format is applied to.
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Figure 3 An illustration of dynamic SFI indication

To differentiate multi-slot indication and single slot indication, a field can be included in dynamic to indicate the number of slots that the indicated slot format is applied.

Proposal 4: A field in dynamic SFI to indicate the number of slots that the slot format is applied to.
4. UE behavior if configured group common PDCCH is not detected

UE is configured with a CORESET to monitor group-common PDCCH. If UE does not detect group common PDCCH in the monitored CORESET, there are two possibilities: 
· gNB does not transmit group common PDCCH in the slot

· gNB transmits group common PDCCH while UE does not correctly decoded it.
From UE’s point, it cannot justify whether gNB has transmitted group common PDCCH or not. It needs to define a common behavior for UE if it cannot detect group common PDCCH. 

gNB can semi-static configures UL/DL assignment, and based on which UE knows the symbols for ‘DL’, ‘UL’, ‘Reserved’ and ‘Unknown’. Only the symbols of ‘Unknown’ can be overridden by dynamic SFI which is carried in group common PDCCH. 
An illustration is shown in Figure 4. It shows that gNB semi-statically configures the slot including 3 ‘DL’ symbosl, 6 ‘Unknown’ symbols, 3 ‘Reserved’ symbols and 2 ‘UL’ symbols. gNB configures UE to monitor the CORESET which includes group common PDCCH. The semi-statically configured slot format can be overridden by group common PDCCH, for example, the first 3 ‘Unknown’ symbols are changed to ‘DL’ symbols as shown in Figure 4.
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Figure 4 Illustration of dynamic SFI overrides semi-static DL/UL configuration
If for a slot that UE is configured to monitor CORESET which is used to transmit group common PDCCH and UE does not detect group common PDCCH correctly, it should follow the slot format indicated by semi-static UL/DL configuration, treat all the ‘DL’ and ‘Unknown’ symbols as candidate ‘DL’ symbols and monitor PDCCH on these symbols. That can avoid missing detection of some possible ‘DL’ symbols.
For example, gNB semi-statically configures slot format and there are some ‘Unknown’ symbols within the slot. These ‘Unknown’ symbols can be overridden and changed to either ‘DL’ or ‘UL’ symbols by dynamic SFI. If UE does not detect group common PDCCH within the CORESET which is configured to carry group common PDCCH, that maybe because of missing detection and some ‘Unknown’ symbols have been changed to ‘DL’ symbols by the missing group common PDCCH. The only way that UE can avoid missing possible ‘DL’ symbol is to treat all of the ‘Unknown’ symbols which are configured by semi-static configuration as ‘DL’ symbols and monitor possible PDCCH on them.

Proposal 5: If UE does not detect group common PDCCH within the CORESET which is used to carry SFI, it should treat all of the ‘Unknown’ symbols that is configured by semi-static UL/DL configuration as ‘DL’ symbols and monitor possible PDCCH on them.
5. Override rules

There are several ways to change the state per symbol, which can be divided into two kinds of signaling: semi-static configuration and dynamic signaling.
· Semi-static UL/DL configuration
· Cell-specific RRC configuration (SIB)
· UE-specific RRC configuration
· Dynamic signaling
· Dynamic SFI
· UL/DL scheduling
Cell-specific RRC configuration is used to configure basic slot format which including some DL symbols target to be used for RMSI, SIB, and some UL symbols target to be used for RACH. UE-specific RRC configuration can only override ‘Unknown’ symbols of cell-specific RRC configuration.

For the override rules, we think that the following overridden rules are allowable. 
· Cell-specific RRC configuration can be overridden by UE-specific RRC configuration, dynamic SFI or UL/DL scheduling.
· ‘unknown’ symbol, instead of ‘DL’/’UL’ symbol in cell-specific RRC configuration can be overridden
· UE-specific RRC configuration can be overridden by dynamic SFI or UL/DL scheduling
· ‘unknown’ symbol, instead of ‘DL’/’UL’ symbol in UE-specific RRC configuration can be overridden
· Dynamic SFI can be overridden by UL/DL scheduling

· ‘unknown’ symbol, instead of ‘DL’/’UL’ symbol in dynamic SFI can be overridden
· UL/DL scheduling cannot be overridden by dynamic SFI
· UL/DL scheduling and dynamic SFI can be overridden by UE-specific RRC configuration
· UL/DL scheduling, dynamic SFI and UE-specific RRC configuration can be overridden by Cell-specific RRC configuration
The override depends on the time relationship. The latest configuration/signaling can override the former configuration/signaling. That is because gNB can control the transmission resource and has all of the necessary information for scheduling and/or interference coordination.  The latest configuration/signaling including the latest information and should be have higher priority than the previous ones. 
Generally, we think that the slot format which is configured by cell-specific RRC configuration can be seen as baseline, in which the ‘DL’, ‘UL’ and ‘Reserved’ states cannot be overridden by other configuration or signaling and only ‘Unknown’ state can be override. The ‘Unknown’ state can be override and changed to either ‘DL’ or ‘UL’. If it has been changed to ‘DL’ or ‘UL’, it cannot be changed to another direction by dynamic SFI or UL/DL scheduling.

Proposal 6: The following overridden rules are supported.
· Cell-specific RRC configuration can be overridden by UE-specific RRC configuration, dynamic SFI or UL/DL scheduling.

· ‘unknown’ symbol, instead of ‘DL’/’UL’ symbol in cell-specific RRC configuration can be overridden
· UE-specific RRC configuration can be overridden by dynamic SFI or UL/DL scheduling

· ‘unknown’ symbol, instead of ‘DL’/’UL’ symbol in UE-specific RRC configuration can be overridden
· Dynamic SFI can be overridden by UL/DL scheduling

· ‘unknown’ symbol, instead of ‘DL’/’UL’ symbol in dynamic SFI can be overridden
· UL/DL scheduling cannot be overridden by dynamic SFI

· UL/DL scheduling and dynamic SFI can be overridden by UE-specific RRC configuration
· UL/DL scheduling, dynamic SFI and UE-specific RRC configuration can be overridden by Cell-specific RRC configuration
6. Interpretion of dynamic SFI in case semi-static DL/UL assignment is configured

In case no semi-static DL/UL assignment is configured, the GC-PDCCH can convey SFI for N successive slots. However, if a semi-static DL/UL assignment has been configured, following the override rules, the slot format of some slots are not changeable by the dynamic SFI. This will make the “continuous SFI” unefficient. 

Taking the example in Figure 5, a GC-PDCCH conveys SFI for 5 slots. If they are SFI for 5 successive slots, e.g. Slot 1, 2, 3, 4, 5, some of the slots could be the slots not containing the “unknown” symbols. As shown in Figure 5, Slot 1 and Slot 3 contain “unknown” symbols whereas Slot 2, 4 and 5 do not contain “unknown” symbols. In this case, only 2 among the 5 SFIs are applicable whereas 3 are non-applicable SFI. This results in a waste of DCI overhead.
Even in case of single-slot SFI, the legacy interpretion of SFI may constrain the flexibility of dynamic SFI indication. Taking the example in Figure 6, in case gNB needs to indicate slot format of Slot 3, the GC-PDCCH conveying the SFI needs to be accommodated in the DL symbols in advance of Slot 3. However, if Slot 2 and Slot 3 do not contain DL symbol and the nearest slot containing DL symbols is Slot 1, the GC-PDCCH has to be transmitted in Slot 1. However, if the single-slot SFI can only indicate the slot format of the same slot conveying the SFI, the SFI in Figure 6 cannot be indicated.
Hence a more reasonable interpretion of SFI is that all the SFIs in a GC-PDCCH are for the slots containing “unknown” symbols. In the example in Figure 5, a 2-slot SFI can be used instead of 5-slot SFI. When UE receives the SFI, the UE first checks the semi-static DL/UL assignment and knows only Slot 1 and Slot 3 contain “unknown” symbols. Then the UE knows the 2-slot SFI is for Slot 1 and Slot 3.
In the same approach, a single-slot SFI can also work for the example in Figure 6.
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Figure 5 Interpretion problem 1 for dynamic SFI

[image: image6.jpg]Slot containing DL symbols Slot not containing DL

according to semi-static symbols according (o semi- Dynamic SFI
DL/UL assignment static DL/UL assignment
SFIin Slot 1 indicating
slot format of Slot 3
>

Time




Figure 6 Interpretion problem 2 for dynamic SFI

Proposal 7: GC-PDCCH can convey SFIs for non-contiguous slots. All the SFIs in a GC-PDCCH are for the slots containing “unknown” symbols according to semi-static DL/UL assignment.

7. Conclusions
In this contribution, some remaining issues of group common PDCCH are discussed. The following observations and proposals summarize the discussion and our views. 

Observation 1: if different carriers have different numerology, cross-carrier SFI indication cannot indicate slot format for all of the slots on the carrier with larger subcarrier spacing. 
Proposal 1: for cross-carrier SFI indication, the SFI indication is assumed to be based on a fixed numerology 
Proposal 2: gNB can configure the number of carriers that a SFI can be applied to
Proposal 3: SFI contains the following fields: 

· Number of carriers

· Per carrier index

· SFI entry of each carrier.

Proposal 4: A field in dynamic SFI to indicate the number of slots that the slot format is applied to.

Proposal 5: If UE does not detect group common PDCCH within the CORESET which is used to carry SFI, it should treat all of the ‘Unknown’ symbols that is configured by semi-static UL/DL configuration as ‘DL’ symbols and monitor possible PDCCH on them.

Proposal 6: The following overridden rules are supported.
· Cell-specific RRC configuration can be overridden by UE-specific RRC configuration, dynamic SFI or UL/DL scheduling.

· ‘unknown’ symbol, instead of ‘DL’/’UL’ symbol in cell-specific RRC configuration can be overridden
· UE-specific RRC configuration can be overridden by dynamic SFI or UL/DL scheduling

· ‘unknown’ symbol, instead of ‘DL’/’UL’ symbol in UE-specific RRC configuration can be overridden
· Dynamic SFI can be overridden by UL/DL scheduling

· ‘unknown’ symbol, instead of ‘DL’/’UL’ symbol in dynamic SFI can be overridden
· UL/DL scheduling cannot be overridden by dynamic SFI

· UL/DL scheduling and dynamic SFI can be overridden by UE-specific RRC configuration
· UL/DL scheduling, dynamic SFI and UE-specific RRC configuration can be overridden by Cell-specific RRC configuration
Proposal 7: GC-PDCCH can convey SFIs for non-contiguous slots. All the SFIs in a GC-PDCCH are for the slots containing “unknown” symbols according to semi-static DL/UL assignment.
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