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Introduction
During RAN1 NR AdHoc meeting and RAN1#88bis, the following agreements were made related to ‘group common PDCCH’. Unfortunately there has been not much progress on the use cases and potential contents of GC PDCCH since RAN1 NR AdHoc in January 2017 and there seems to be still quite many different views on the use cases and potential contents of GC PDCCH. In this contribution, we present the use cases and corresponding contents for GC PDCCH in addition to what was already agreed. We also discuss conflict handling of SFI against DCI and pre-configured periodic signaling.RAN1 NR AdHoc
Agreements:
· 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:
· The staring position of downlink data in a slot can be explicitly and dynamically indicated to the UE.
· FFS: signaled 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:
· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).
· FFS: if the data starting position is signaled on the group common PDCCH, the UE may exploit this information to skip some blind decodings
· FFS: if the end of the control resource set is signaled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings
· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot
· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not
Agreements:
· ‘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.
RAN1#88bis
Agreements:
· From UE signaling perspective,
· The higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR can achieve at least the followings
· A periodicity where the configuration applies; 
· FFS: Detailed periodicity set; 
· FFS: how to achieve the signaling of periodicity
· A subset of resources with fixed DL transmission;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
· A subset of resources with fixed UL transmission;
· Resources with fixed UL transmission happens in the ending part of the periodicity is supported;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
· FFS: Other resources not indicated as “fixed UL” or “fixed DL” or “reserved/blank” can be considered as “flexible resource”, where transmission direction can be changed dynamically.
Agreements:
· Strive for unified design regardless of whether the DL/UL resource partition is dynamic or semi-static
· UE behaviors at least the following are common regardless of whether the DL/UL resource partition is dynamic or semi-static:
· Scheduling timing between control to the scheduled data
· HARQ-ACK feedback including timing
· Strive for a limited number of semi-static DL/UL resource partition.
· NR may include tools motivated by either dynamic or semi-static.
· FFS: UE behavior if there is a conflict between dynamic and semi-static signaling.


Use cases with group common PDCCH
Slot format indicator
In addition to the already agreed ‘DL’/‘UL’, ‘other’ field in slot format indicator needs to be further discussed and agreed. ‘DL’ and ‘UL’ provides the direction information mainly for TDD, assuming FDD has fixed directions for each spectrum. In this regard, ‘DL’ and ‘UL’ can be considered as ‘DL centric slot’ and ‘UL centric slot’ for the middle data region in TDD slot format as shown in Figure 1.


Figure 1: An example of TDD slot format (DL or UL centric)
In addition to ‘DL centric slot’ and ‘UL centric slot’, there can be a slot format without UL control region having delayed ACK/NACK response.


Figure 2:An example of TDD slot format with DL only
If there is no DL/UL data scheduled in the data region, it can be ‘empty’ in the data region as shown in Figure 3. If ICIC capable UE is introduced in NR, this information can be utilized by advanced ICIC UEs.


Figure 3: An example of TDD slot format with empty data region
It is important to have GC PDCCH design against future compatibility including NR operation (e.g., unlicensed spectrum). In order to be future-proof, we should have the way to reserve the slot for other applications to share the spectrum, i.e., to have forced blanking of the slot (independent of DL or UL). Blanking resolution can be data region only or including DL control region (except this GC PDCCH) and UL control region. Blanking means pre-configured periodic DL/UL signaling should be DTXed. Periodic signaling can include CSI-RS, SS block, SPS, SRS, CSI and etc.


Figure 4: An example of reserved slot format (TDD)
So far all the examples were shown assuming TDD. However, ‘empty’ and ‘reserved’ can be applicable for FDD. In summary, the following slot format indicator is proposed.
Proposal 1: The following slot format indicator is proposed.
· Slot Format Indicator (SFI)
· DL centric slot (TDD)
· UL centric slot (TDD)
· DL only slot (TDD)
· Empty (TDD, FDD)
· Reserved (TDD, FDD)
· Data region only
· Data and control regions
Slot aggregation
There can be different slot aggregations depending on the existence of control regions in the middle of aggregated slots. If the slots are aggregated but DL and UL control regions are still present every slot, GC PDCCH can be transmitted every slot to deliver slot format indicator for that slot.
In case slots are aggregated with DL control region in the beginning of the aggregated slots and UL control region in the end of the aggregated slots, GC PDCCH with SFI is transmitted only in the beginning of the aggregated slots. In this case, DL with aggregation level (# of slots) and UL with aggregation level (# of slots) can be the part of GC PDCCH information. This will provide the aggregated slot format information especially for non-scheduled UEs. UE can skip PDCCH decoding during aggregated slots for either DL or UL aggregated slots.


Figure 5: Aggregated slots with GC PDCCH
Proposal 2: Aggregated slot level (# of slots) is proposed as the part of GC PDCCH contents.
SFI conflicts
Ideally SFI in GC PDCCH should not conflict with DCI and pre-configured periodic DL/UL transmission. On the other hand, there can be false detection with GC PDCCH. Therefore, conflict handling needs to be discussed. Different cases of conflict and suggested rules are shown below.
· SFI conflict with DCI
· DCI should take the priority in case SFI conflicts with DCI considering the error protection in DCI
· This assumes NW does not send conflicting SFI with DCI
· SFI conflict with periodic signaling
· Periodic signaling
· DL: CSI-RS, SS block, SPS
· UL: SRS, CSI, SPS
· Directional conflict (DL or UL)
· First takes the direction from DCI if available
· If there is no direction information from DCI, SFI takes the priority
· False detection probability and its impact needs to be studied
· Conflict with ‘empty’ SFI
· First takes the direction from DCI if available
· If there is no direction information from DCI, periodic signaling takes the priority
· Conflict with ‘reserved’ SFI
· First takes the direction from DCI if available
· If there is no direction information from DCI, SFI takes the priority
Proposal 3: Consider SFI in GC PDCCH conflict rules as described above.
Other open issues for group common PDCCH
RRC configuration
It was agreed that the network will inform through RRC signalling the UE whether to decode the GC PDCCH or not. Then, the natural question is how to convey this message to the UEs belonging to other nearby neighbour cells. There can be multiple options:
· The serving cell also provides the information for nearby neighbour cells
· UE assumes the same configuration for nearby neighbour cells
· The serving cell informs the configuration is limited to the serving cell only. In this case, UE most likely will not try to decode the GC PDCCH of neighbor cells given uncertainty
Scoping of ‘group common’
It was also agreed that ‘Common’ does not necessarily imply common per cell. There may be a need to clarify the scope of this group. If it is intended to have multiple groups within a cell and UE needs to distinguish different groups, there should be a solution on how to configure multiple groups.
PHY channel of GC PDCCH
Actual PHY channel for GC PDCCH is still TBD. We can consider reusing a regular PDCCH or introducing a new PHY channel. We view that PHY channel decision can be deferred till the contents of this channel and the number of information bits are finalized.
Proposal 4: PHY channel decision is deferred till the contents and the number of information bits for GC PDCCH are finalized.
Conclusions
We have discussed the use cases and corresponding contents for GC PDCCH in addition to what was already agreed. The following proposals have been made:
Proposal 1: The following slot format indicator is proposed.
· Slot Format Indicator (SFI)
· DL centric slot (TDD)
· UL centric slot (TDD)
· DL only slot (TDD)
· Empty (TDD, FDD)
· Reserved (TDD, FDD)
· Data region only
· Data and control regions
Proposal 2: Aggregated slot level (# of slots) is proposed as the part of GC PDCCH contents.
Proposal 3: Consider SFI conflict rules as follows:
· SFI conflict with DCI
· DCI should take the priority in case SFI conflicts with DCI considering the error protection in DCI
· This assumes NW does not send conflicting SFI with DCI
· SFI conflict with periodic signaling
· Periodic signaling
· DL: CSI-RS, SS block, SPS
· UL: SRS, CSI, SPS
· Directional conflict (DL or UL)
· First takes the direction from DCI if available
· If there is no direction information from DCI, SFI takes the priority
· False detection probability and its impact needs to be studied
· Conflict with ‘empty’ SFI
· First takes the direction from DCI if available
· If there is no direction information from DCI, periodic signaling takes the priority
· Conflict with ‘reserved’ SFI
· First takes the direction from DCI if available
· If there is no direction information from DCI, SFI takes the priority
Proposal 4: PHY channel decision is deferred till the contents and the number of information bits for GC PDCCH are finalized.
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