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1. Introduction
NR supports both semi-static TDD operation and dynamic TDD operation, where the DL/UL configuration can be signaled by RRC signaling or group common PDCCH, respectively. In particular, following agreements were made.
Agreements at RAN1#86:
· NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation
· The assigned DL/UL transmission direction can be signalled to UE by higher layer signaling
Agreements at RAN1 NR Adhoc #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.
· ‘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
· The staring position of downlink data in a slot can be explicitly and dynamically indicated to the UE. 

· FFS: signalled in the UE-specific DCI and/or a ‘group-common PDCCH’

· FFS: how and with what granularity the unused control resource set(s) can be used for data
Agreements at RAN1#89:
· In ‘Slot format related information’, ‘other’ is at least:

· ‘Unknown’

· UE shall not assume anything for the symbol with ‘Unknown’ by this information

· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration

· FFS: ‘Empty’

· UEs can use this resource for interference measurement
· UE may assume there is no transmission
Agreements at RAN1 NR Adhoc#2

· In ‘Slot format related information’, ‘Empty’ is not indicated explicitly.

· Note: RAN1 specification ensures that UE(s) is/are aware of which resources can be for ‘gap for DL-UL switching’ and/or ‘gap’

· Note: RAN1 specification ensures that UE(s) is/are aware of which resources are for ‘CSI/interference measurement’.

· UE is configured with a CORESET to monitor group-common PDCCH.

· When configured, the group-common PDCCH follows the same CORESET configuration (e.g., REG-to-CCE mapping) of the CORESET.

· A group-common PDCCH is formed by an integer number of CCEs.

· The CORESET for the monitored group-common PDCCH carrying SFI can be the same or different from the CORESET for the monitored PDCCH for other types of control signalling.

· 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.

In this contribution, we discuss the UE behaviors related to slot format indication. 
2. Discussion
2.1. SFI monitoring
In LTE, the eIMTA command, if configured, is monitored periodically. For a given time window, if the corresponding eIMTA command is detected, UE follows the eIMTA command for DL/UL configruation determination, otherwise, UE follows the TDD configruation by SIB1.
In NR SFI monitoring, similar approach can be applied, i.e. UE monitors a CORESET for group common PDCCH containing SFI periodically, where the periodicity is configured by the gNB. It should be clarified that UE shall not be mandated to monitor group common PDCCH during DRX OFF duration. Althoug the UE periodically monitors the group common PDCCH for SFI, it does not mean that gNB shall transmit the SFI in every periodicity. Furthermore, as agreed in RAN1 NR adhoc#1, the UE should be able to decode at least PDCCH when the SFI indication applied to that slot is not available. There could be multiple reasons for it to happen, including the group common search space blocking, group common PDCCH miss detection, gNB intentional implementation, etc. In such situation, the UE should monitors PDCCH on the first set of symbols assuming they are DL durations. 
Proposal 1:
· UE can be configured to periodically monitor the CORESET for group common PDCCH containing SFI, during the DRX ON duration. 
Proposal 2: 
· UE monitors the PDCCHs on the first set of OFDM symbols on the slots where SFI information applicable to that slot is not available.
2.2. UE behaviors related to SFI indication
When the SFI indication applicable for a slot is available, i.e. SFI is configured and decoded, it should be discussed what kind of UE behaviors are controlled by the SFI indication. In our view, the following UE behaviors should be relavent to the SFI indication
· PDCCH monitoring

When the SFI indication for a given slot is available, the UE should determine the PDCCH monitoring occasions based on the SFI indication, i.e. UE monitors PDCCH only on DL portion of the slot. UE can skip the PDCCH monitoring which falls into the unknown or UL portion of the slot, thus achive some power saving. 
· DL CSI measurement

When the SFI indication for a given slot is avaible, the UE measures the CSI on the valid CSI-RS and CSI-IM resources. Here valid CSI-RS/CSI-IM resource refers to the configured resource that falls into the DL portion of a slot indicated by the SFI. UE should not measure on the unknown or UL part of the slot, as indicated by SFI,  at least for DL CSI measurement purpose. 
· Configured UL transmission

Configured UL transmission may include the periodic PUCCH transmisison, e.g. scheduling request, P-CSI, etc, as well as the UL grant free PUSCH transmisison. For these kinds of configrued UL transmission, dynamic grant from gNB is not required. However, it does not make sense to allow UE to perform configure UL transmission on the unkonwn or DL portion of the slot, if the SFI indication is available. Therefore, the reasonable UE behaviors should be that UE configured UL transmission is allowed only on the UL portion of the slot indicated by SFI. 

· Interacion with the essential signal/channels

The essential signals/channels may include the SS block, PBCH, RMSI and RACH preamble. The resource configured for thses essential signals/channels is typically perioidic, for both RRC connected and RRC idle UEs. However, the group common PDCCH for SFI is only configured for some RRC connected UEs, it does no makes sense for the SFI indication to override DL or UL resource for the above mentioned configrued essential signal/channels. 
Proposal 3: 
· UE determines the following based on the SFI indication (when SFI is available)
· PDCCH monitoring occasions
· DL CSI measurement resource
· Resource for configured UL transmission
Proposal 4: 
· Resource for essential signal/channels (e.g. SS block, PBCH, RMSI, RACH) cannot be override by SFI indication. 
2.3. UE behaviors regarding conflict control information
According to the existing agreements, following three different ways to determine the DL/UL resource can be provided by the specification. UE could use at least one of them for determination
· UL grant based : In this method, the UE monitors PDCCH CORESET on every non-DRX slots, unless indicated by the UL grant that the resource for CORESET are UL symbols in a given slot. 
· SFI based : In this method, the UE monitors group common PDCCH for SFI, and determines the DL/UL resource for the slot(s) where the SFI applies to. 

· Semi-static configuration based : In this method, the gNB configures the DL/UL configuration pattern by higher layer signaling, e.g. RRC. 
A hybrid way to determine DL/UL resource is also possible, for example, a UE configured with group common PDCCH monitoring for SFI could follow the dynamic UL grant indication for a given slot if SFI is not available for that slot. Alternatively, a UE configured with semi-static DL/UL pattern may also be configured to monitor SFI for dynamic DL/UL reconfiguration, similarly as LTE TDD eIMTA. 
In case a hybrid mechanism is used to determine the DL/UL resource for a given slot, UE behaviors when receiving conflict control information should be discussed. 
· SFI conflict with semi-static configuration
When the UE is configured with both semi-static configuration and SFI monitoring, the UE may receive conflict slot format indication for a given slot between semi-static configuration and SFI. The reason may include false detection of a group common DCI carrying SFI, or gNB intentionally changed the slot format by SFI compared with the semi-static configuration. Considering the probability of a false detection of group common DCI is sufficiently low due to CRC protection, the latter case should be more practical, which means that UE should follow SFI when conflicting with semi-static configuration. 
Another issue is what the UE should assume when SFI is not detected for a given slot, potentially due to group common PDCCH miss detection or gNB intentionally or non-intentionally did not transmit it. Considering the miss detection probability of group common PDCCH can be sufficiently low, e.g. 0.1% BLER in most cases, UE should follow the semi-static configuration to avoid misunderstanding between UE and gNB. 
· SFI conflict with UL grant

When the UE is configured with group common PDCCH monitoring for SFI, the UE may receive UL grant which schedules the UE to transmit PUSCH on the DL or unknown portion of a slot indicated by SFI. This can be caused by false detection of either group common DCI or UL grant or both, however, such probability can be considered as low enough due to CRC protection. Alternatively, this can be caused by gNB intentional behavior, e.g. the configured periodicity for SFI monitoring is relatively long but gNB wants to change a slot format before the next SFI update opportunity. To allow such flexibility, UE should follow UL grant to determine the slot format when it is detected later and have conflict information than SFI. 
· Semi-static configuration conflict with UL grant
When the UE is configured with semi-static DL/UL pattern but not configured with group common PDCCH SFI monitoring, it should be discussed whether the UE is allowed to follow UL grant to determine slot format when it has conflict information than semi-static configuration. As semi-static configuration without SFI is expected to be used in macro cell deployment where dynamic TDD is not intended to be used, it is more reasonable for the UE to always follow the semi-static configuration and treat the UL grant conflicts with semi-static configuration as the invalid grant. In case gNB uses dynamic TDD operation, it could either configure group common PDCCH for more dynamic slot format indication, or does not configure semi-static configuration to allow the determination of slot format fully based on UL grant. 
Based on the above discussions, we have the following proposal. 
Proposal 5:
· Specify the following UE behaviors when conflicting control information regarding slot format is detected
· For a given slot, UE prioritize SFI over semi-static DL/UL configuration when determining the slot format, when both are configured
· For a given slot, UE prioritize the UL grant which is detected later than SFI when determine the slot format
· When semi-static configuration is provided but SFI monitoring is not configured, UE always follows semi-static configuration and treat the UL grant with conflicting information as invalid UL grant. 
Proposal 6: 
· When both semi-static DL/UL configuration and group common PDCCH monitoring for SFI is configured, UE follows semi-static configuration when SFI is not available for a slot. 
3. Conclusion

In this contribution, we discuss the UE baviors related to SFI, with following proposals. 
Proposal 1:
· UE can be configured to periodically monitor the CORESET for group common PDCCH containing SFI, during the DRX ON duration. 
Proposal 2: 
· UE monitors the PDCCHs on the first set of OFDM symbols on the slots where SFI information applicable to that slot is not available.
Proposal 3: 
· UE determines the following based on the SFI indication (when SFI is available)

· PDCCH monitoring occasions

· DL CSI measurement resource

· Resource for configured UL transmission

Proposal 4: 
· Resource for essential signal/channels (e.g. SS block, PBCH, RMSI, RACH) cannot be override by SFI indication. 
Proposal 5:
· Specify the following UE behaviors when conflicting control information regarding slot format is detected

· For a given slot, UE prioritize SFI over semi-static DL/UL configuration when determining the slot format, when both are configured

· For a given slot, UE prioritize the UL grant which is detected later than SFI when determine the slot format

· When semi-static configuration is provided but SFI monitoring is not configured, UE always follows semi-static configuration and treat the UL grant with conflicting information as invalid UL grant. 

Proposal 6: 
· When both semi-static DL/UL configuration and group common PDCCH monitoring for SFI is configured, UE follows semi-static configuration when SFI is not available for a slot. [image: image1.png]



