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1 Introduction
It has been agreed in the RAN1 NR Adhoc#1 meeting that NR supports the group common PDCCH which contains the slot format information. During discussion in the RAN1 NR Adhoc#2, RAN1 agreed that discussion of slot format related information (SFI) functionality of a group-common PDCCH is prioritized. Agreements related to group-common PDCCH is listed below [1]-[6].
	Agreements: (RAN1 NR-AH#1)
· NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 
· If the UE does not receive the ‘group common PDCCH’ the UE should be able to receive at least PDCCH in a slot, at least if the gNB did not transmit the ‘group common PDCCH’.
· The network will inform through RRC signalling the UE whether to decode the ‘group common PDCCH’ or not
· Common does not necessarily imply common per cell.
· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD
· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.
Agreements: (RAN1 NR-AH#1)
· ‘Slot format related information’
· Information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively
· FFS: if ‘other’ can be subdivided into ‘blank’, ‘sidelink’, etc
· FFS: ‘Control resource set duration’
· FFS: Indicates the duration of the control resource set(s) 
· FFS: Can help the UE skip some of the semi-statically configured blind decodings. If not received, the UE performs all blind decodings.

Agreements: (RAN1 #88bis)
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission
· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols
· FFS: the indicated duration is the number of slots
· FFS: the indicated duration is the numbers of symbols + slots
· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used
· FFS: rate-matching details
· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown

Agreements: (RAN1 #89)
· The SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots
· The slot format related information informs the UEs of the number of slots and the slot format(s) related information of those slots
· FFS: how to interpret the SFI when the UE is configured with multiple bandwidth parts
· FFS: details for UE behaviour
· FFS: A UE may be configured to monitor for at most one group-common PDCCH carrying slot format related information (SFI) in a slot

Agreements: (RAN1 NR-AH#2)
· Prioritize discussion of SFI functionality of a group-common PDCCH.
· Further work will be on group-common PDCCH carrying the SFI at least in August meeting.

Agreements: (RAN1 NR-AH#3)
· Regarding dynamic SFI content definition
· The SFI carries an index to a table that is UE-specifically configured via RRC 
· FFS how to manage the table for future proof
· FFS how to define entries in the table
· FFS whether to have separate or joint management of slot based SFI (SFI indicates the slot format of the corresponding slot) vs. multi-slot SFI (SFI indicates the slot format of more than one corresponding slots)
· 
· Confirm the following WA 
· ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.
· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH
· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)
· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.
· ‘Reserved’ is signalled at least by RRC
· FFS: handling of ‘gap’
· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.
· For semi-static DL/UL assignment 
· Cell-specific RRC configuration (SIB) + additionally UE-specific RRC configuration
· UE-specific RRC configuration only overwrites the “unknown” state of the cell-specific RRC configuration



In this contribution, we discuss the remaining issues on semi-static DL/UL configuration, dynamic SFI and the related UE behaviors in case that the slot format related information in the group common PDCCH is correctly received or not. Also, we consider how to handle conflict case among the SFI in the group common PDCCH, SFI in UE-specific PDCCH, and semi-statically configured SFI.
2 Remining details on Dynamic SFI
It was agreed in the last RAN1 NR-AH#3 meeting that a table is configured by UE-specific RRC signaling and dynamic SFI carrying group-common PDCCH can indicate one of entries in the table. The remaining issue is how to configure the table for dynamic SFI carrying group-common PDCCH. Since the symbol types indicated by dynamic SFI can be ‘DL’, ‘UL’, or ‘Unknown’, the required # of bits for a slot of 14 symbols is 3^14 = 4782969 and thus 23 bits are required to configure each entry in the table. To reduce such a signaling overhead, the slot format can be limited to have at most one switching point, i.e., the order of symbols is DL symbols-Unknown symbols-UL symbols as shown in Figure 1. Under this limitation, the required number of bits for one slot configuration can be effectively reduced. One possible way to configure the table is to indicate the starting and ending OFDM symbol indices of ‘Unknown’ symbols. For example, for the slot format in Figure 1, it is sufficient to notify the UE that the 'Unknown' symbol exists from the 8th symbol to the 10th symbol. In addition, two states may be additionally needed to indicate UL-only slot and DL-only slot. To this end, the required number of bits for one entry in the table is 6 (=⌈log2 (14*15/2+2)⌉) bits, which is quite smaller than 23 bits.
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Figure 1. Example of single-slot format

[bookmark: _GoBack] We can also extend this approach to the slot format with at most two switching points, i.e., the order of symbols is DL symbols-Unknown symbols-UL symbols-DL symbols-Unknown symbols-UL symbols by dividing the slot into two sub-slots of 7 symbols and indicating two sub-slot configurations. So, the required number of bits for one entry in the table is 10 (=2*⌈log2 (7*8/2+2)⌉) bits, which is still quite less than 23 bits.

Dynamic SFI can indicate slot configurations for multiple slots. The simple approach to indicate multiple slot format is to indicate each slot format, separately as shown in Figure 2(a). In this case, the number of bits in dynamic SFI increases proportionally. For example, N*B bits are needed to indicate N slots with B bits per slot. To reduce such a high overhead, multiple slot format can be represented as the selected single-slot formats and repetition factor. For example, dynamic SFI can indicate two slot formats, e.g. DL-centric slot and UL-centric slot and 4 repetitions as shown in Figure 2(b). Then, the UE can derive that the slot format for the next 8 slots is [DL-centric slot, UL-centric slot DL-centric slot, UL-centric slot, DL-centric slot, UL-centric slot, DL-centric slot, UL-centric slot]. This can decrease # of required bits for multi-slot SFI but limits flexibility.
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Figure 2. Example of multi-slot format

· Proposal 1: NR continues to study how to configure the table for dynamic SFIs and how to indicate slot formats for multiple slots.

3 UE behavior for dynamic SFI
It was agreed that UE-specific DCI can indicate duration of a data transmission. Also, the starting/ending position of PDSCH or PUSCH can be indicated by UE-specific DCI additionally. From data scheduling information, UE can infer SFI (at least part of SFI), i.e., which OFDM symbols are assigned to DL (or UL) when UE receives UE-specific DCI scheduling PDSCH (or PUSCH). 
· Case 1. SFI is not carried in UE-specific DCI
If SFI is not inferred from UE-specific DCI and UE fails to receive group-common PDCCH carrying SFI, it can be desirable that the UE does not transmit or receive data even if it successfully receives UE-specific DCI for DL/UL data. To address this issue further, we need to consider a fallback operation in which the UE can be operated with default SFI when group-common PDCCH carrying SFI is missed.  
· Case 2. SFI is carried in UE-specific DCI
Even if SFI is carried in UE-specific DCI, UE should receive group-common PDCCH before transmitting PUSCH or receiving PDSCH scheduled by UE-specific DCI. It would be increase DCI payload size and the specification should define UE behaviors when multiple SFIs are conflicted.

UE behavior for Case 1
Consider the case that the UE fails to decode the group common PDCCH. There are two possibilities:
1) The gNB does not transmit the group common PDCCH. The current configured slot format is the same as the default slot format. 
2) The gNB transmits the group common PDCCH with the slot format indicator, but the UE fails to decode it successfully.
In the first case, the UE can transmit or receive the previously scheduled signals (periodic CSI-RS, SRS, PUCCH transmission) and/or the currently scheduled signals (PDSCH, PUSCH), but in the second case, the UE cannot guarantee the DL/UL transmission and reception at the slot. 

[image: ]
Fig 2. Ambiguity when the group common PDCCH is missed

It was agreed that the UE should be able to receive at least PDCCH in a slot if the UE does not receive the ‘group common PDCCH.’ In other words, the UE miss-detecting the group common PDCCH can decode own PDCCH and thus can know the DCI including downlink scheduling information or uplink scheduling grant information. A major problem is that even though they can obtain such a scheduling information, they do not know the slot format (i.e., DL/UL/GP configuration) after control resource set. One approach is that the scheduled UE cannot perform the operation indicated in the DCI and drops the DCI. As mentioned, if the current configured slot format is the same as the default slot format, this approach results in resource under-utilization (i.e., the UE can transmit or receive a signal on the DCI-indicated resource) Another approach is that the scheduled UE perform the operation indicated in the DCI with assuming the default slot format. Unfortunately, when the slot format is newly configured, this approach makes a wrong transmission and reception. For example, in case that the default slot format is format 0 and the currently configured slot format is format 2 (Fig. 2(a)), the DL-scheduled UE would regard the last two non-DL symbols as the DL symbol so that the soft-buffer is corrupted. Similarly, as in the soft-buffer corruption by the URLLC preemption, the wrong reception makes low performance and is also marginally improved by a HARQ process. In case that the default slot format is format 5 and the currently configured slot format is format 4 (Fig. 2(b)), the UL-scheduled UE would regard the 4th GP symbol as the UL symbol and thus the UE starts to transmit from the 4th symbol. This undesirable UL transmission may cause a severe interference to the DL-scheduled UEs. Hence, NR should support a fallback operation for the scheduled UE to transmit or receive the data signal when the group common PDCCH is not decoded. 
· Observation 1: In the case that the group common PDCCH is not decoded, if the scheduled UE does not transmit or receive a data signal, the resource efficiency is low and if the scheduled UE transmits or receives a data signal with assuming the default slot format, the wrong transmission/reception occurs.

One possible option to address the wrong transmission/reception is to inform the scheduled UE of the slot format by duplicating the slot format indicator in UE-specific DCI. Whenever the UE successfully decodes the PDCCH, it can explicitly know the current configured slot format so that it can transmit/receive the data signal without ambiguity. Also, it can provide a way to operate the UE without receiving the group common PDCCH. However, since some of bits for the slot format indication (e.g., 3-bit in DL/UL scheduling DCI) are always reserved, additional control overhead is inevitable. Furthermore, the group common PDCCH is successfully decoded, these bits are wasteful.
Rather than informing all slot format information in UE-specific DCI, assuming the default slot format is configured, the gNB informs a 1-bit slot format indicator informing whether the UE can transmit/receive the data signal when the group common PDCCH is not detected. Depending on the default slot format and the current configured slot format, gNB can indicate UE-specific operations. If gNB allows an uplink scheduled UE transmits PUSCH on the UL resource in the default slot format and/or a downlink scheduled UE receives PDSCH on the DL resource in the default slot format, resource utilization would be improved. Otherwise, if transmission/reception is not allowed, unwanted interference due to wrong UL transmissions and soft-buffer corruption due to wrong DL reception can be blocked.
In case that the default slot format is format 5 and the currently configured slot format is format 4 (Fig. 2(b)), the DL-scheduled UE can receive the 2nd DL symbol. It may fail to decode correctly due to not receiving the 3rd DL symbol but it is beneficial to combine the next HARQ process. In case that the default slot format is format 4 and the currently configured slot format is format 5, the UL-scheduled UE can transmit the last 3 symbols and the gNB can successfully decode this data signal. This 1-bit slot format indicator is clearly beneficial for removing ambiguity while keeping additional DCI overhead as small as possible.

Another possible option is to use different RNTIs for indicating slot format. In LTE, PDCCH including DL/UL scheduling information is scrambled by a C-RNTI. The gNB can allocate multiple C-RNTIs rather than one C-RNTI and the PDCCH is scrambled by one of C-RNTIs. The scrambled C-RNTI can be selected from the current configured slot format. Once decoding the group common PDCCH successfully, the UE can know which the C-RNTI is used. If the UE fails to decode the group common PDCCH successfully, the UE blindly decodes the PDCCH with all possible C-RNTI and thus it can find the correct C-RNTI and extract the related slot format information. Advantage of this approach is that there is not additional DCI overhead, but it results in additional blind decoding effort and reduces the CRC protection capability when the group common PDCCH is missed.
· Proposal 2: NR should support a fallback operation for the scheduled UE to transmit or receive the data when the group common PDCCH is not decoded.
· 1-bit explicit slot format confirmation in DCI or implicit RNTI indication are candidates

UE behavior for Case 2
When UE-specific PDCCH also carries SFI, the above UE behavior is not needed. Instead, UE behavior should be defined when multiple SFIs are not identical. 
· Group-common PDCCH and UE-specific DCI scheduling the data transmission in the same slot 
 For a slot, a UE can receive SFI carried by group-common PDCCH and also SFI transmitted on UE-specific DCI scheduling the same slot. In general, since the reception timing is same, it is reasonable to assume that the UE expects two SFIs are the same. If not, one or two SFIs are not correctly received and then it should be considered as an error case. Further conflict handling may be needed. One example is if PDSCH scheduled by UE-specific DCI is correctly decoded, the SFI carried by UE-specific DCI can be considered as a true SFI. If not, it is an error case. 
· Group-common PDCCH and UE-specific DCI scheduling the data transmission in the different slots 
NR can support cross-slot scheduling and slot aggregation. In this case, a new SFI can be carried by the group common PDCCH before transmitting or receiving the data channel which has been already scheduled. Also, SFI carried by group-common PDCCH can indicate one or multiple slots. In this case, SFI carried by group-common PDCCH is transmitted before UE-specific DCI scheduling a data transmission. It is not preferred that UE always follows the SFI carried by UE-specific PDCCH or group-common PDCCH. Instead, according to the SFI on group common PDCCH, UE decides if the scheduled data transmission or reception would be performed. In other words, the latest SFI has the highest priority. In summary, we suggest the following UE behavior rules:
· Proposal 3: When multiple SFIs for a slot is not same, UE follows the following behaviors to determine a slot format
· If there are two SFIs for the same slot carried by group common PDCCH and by UE-specific DCI,
· If two SFIs are received at the different slots, the latest SFI has highest priority.
· If two SFIs are received at the same slot, it is an error case
· Further handling is FFS

4 Conclusion
In this contribution, we discussed the impact of miss-detection of the group common PDCCH on the scheduled UE. Our views are summarized as follows:
· Observation 1: In the case that the group common PDCCH is not decoded, if the scheduled UE does not transmit or receive a data signal, the resource efficiency is low and if the scheduled UE transmits or receives a data signal with assuming the default slot format, the wrong transmission/reception occurs.
· Proposal 1: NR continues to study how to configure the table for dynamic SFIs and how to indicate slot formats for multiple slots.
· Proposal 2: NR should support a fallback operation for the scheduled UE to transmit or receive the data signal when the group common PDCCH is not decoded.
· 1-bit explicit slot format confirmation in DCI and implicit RNTI indication are candidates
· Proposal 3: When multiple SFIs for a slot is not same, UE follows the following behaviours to determine a slot format
· If there are two SFIs for the same slot carried by group common PDCCH and by UE-specific DCI,
· If two SFIs are received at the different slots, the latest SFI has highest priority.
· If two SFIs are received at the same slot, it is an error case
· Further handling is FFS
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