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Introduction
A group-common PDCCH shall be specified in NR Release 15 carrying at least slot format related information (SFI). In addition to the SFI, other types of control information have been proposed to be included in the group-common PDCCH either separately or in combination with the SFI (see e.g. email discussion summary in [1]). As this was hindering progress on other details of the group common PDCCH such as the channel structure it was agreed at the RAN1 #NR_AH2 meeting to prioritize discussion of SFI functionality in a group common PDCCH at least for this meeting. Other agreements regarding SFI at RAN1 #AH_NR2 include
Agreements:
· 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’.

This contribution addresses the outstanding details of SFI functionality including its applicability to bandwidth parts and numerologies in a given serving cell as well as across serving cells. Other aspects including channel structure, configuration and monitoring are discussed in related contributions [2], [3]. Although not the focus of this paper, we also address how other group common control information types may be transmitted on a regular PDCCH.
Details of SFI
The SFI transmitted in a group-common PDCCH indicates the subset of symbols that are DL, UL or Unknown in a slot or set of slots. Not all combinations of DL, UL, Unknown, would be applicable in some deployment scenarios. For dynamic TDD, flexible DL/GP/UL partitioning in a slot should be specified to allow dynamic adaptation to multiple factors, such as DL/UL traffic variation (including the associated latency requirements), UL coverage, strength of cross-link interference, etc. In addition, it was agreed at the RAN1 #NR_AH1 meeting that NR should support efficient adjacent channel co-existence with all LTE-TDD special subframe configurations. As this may require dynamic reconfiguration of DL/GP/UL partitioning for bidirectional slots, all three symbol designations (DL, UL and Unknown) are needed for dynamic TDD. 

For normal FDD deployment (DL, Unknown) and (UL, Unknown) designations may be indicated for the DL and UL carriers respectively. One use case would be to indicate Unknown symbols, e.g. for LTE-NR coexistence, so that the UE makes no assumption, or performs any action on, such symbols. For this case the simplest solution with respect to signaling is where the Unknown symbols are the same for both DL and UL. Signaling overhead increases when different subsets of symbols on the UL and DL carriers can be designated as Unknown.

The SFI may indicate all valid combinations of DL, UL and Unknown symbols. Allowing all possible combinations would lead to high signaling overhead depending on the frame/slot structure and the number of slots indicated by a given group-common PDCCH. Furthermore, a gap for DL-UL switching is required for TDD. As an illustration, Figure 1 depicts a 14-symbol slot indicating only DL and UL symbols, with one symbol as a guard period (GP) demarcating the DL and UL regions. Allowing for both unidirectional and bidirectional combinations with a GP symbol, up to 14 combinations could be specified, requiring 4 bits. In contrast a 7-symbol slot would require 3 bits for all combinations of DL and UL symbols.
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[bookmark: _Ref489867594]Figure 1: Possible combinations of DL and UL symbols in a 14-symbol slot
Further increase in signaling overhead is needed for indicating Unknown symbols in a slot and also for indicating SFI for future slots. 
To reduce signaling overhead some simple design rules may be defined to reduce the allowed combinations of DL, UL and Unknown symbols.  One such set of rules can be as follows:
1. For a slot containing DL and UL regions
a. The DL region comes before UL region
b. Unknown region is mapped after the DL region and before the UL region 
2. For a slot containing UL and Unknown regions
a. The Unknown region can appear either before or after the UL region
3. For a slot containing DL and Unknown regions
a. The Unknown region appears after the DL region
4. For indicating SFI for multiple slots a window can be defined for which the group-common PDCCH is valid
a. A UE is configured by RRC signaling with the number of slots, N, indicated in a group-common PDCCH
b. A single SFI field indicates the slot format for N slots. In this case the validity period, N, for the SFI detected in a group-common PDCCH should be semi-statically configured by RRC signaling.
c. Alternatively, the group-common PDCCH contains N SFI fields where each field indicates the SFI for a slot
These design guidelines can be used to define a table of possible slot format combinations which is semi-statically configured by RRC signaling. The SFI contained in the group-common PDCCH is an index to a row in the table. An advantage of this tabular approach is that it can be tailored to a specific UE’s deployment and/or traffic type. Consequently, only a few bits are needed to address the range of operational scenarios experienced by a given UE. A second advantage is that since the table is UE-specific, a subset of Unknown symbols in one or more entries of the table can be disabled on a per UE basis depending on new features introduced in a future release. A range of 3 – 6 bits should be sufficient for indicating SFI for a given slot.
Proposal 1 
· A set of DL/UL/Unknown symbol combinations is semi-statically configured for a UE by RRC signaling. 
· The SFI field in a group common PDCCH indicates an entry in the set.
· For SFI indication for N slots
· An entry in the table describes the SFIs for N slots, or
· The group common PDCCH contains N SFI fields, where each field indicates an entry in the set of semi-statically configured symbol combinations.
. 
For TDD it is necessary to indicate a gap for UL-DL switching per the RAN1 #NR_AH2 agreement. An implicit solution can be based on the design rules shown above. When Unknown symbols demarcate DL and UL regions, a UE may assume that the last Unknown symbol before the UL region can be used for DL-UL switching and for UL timing advance. A second solution takes advantage of the proposed tabular format, wherein the GP symbol is explicitly defined for a bidirectional slot as shown in the example of Figure 1. 
Proposal 2: for TDD, a gap period for DL-UL switching may be either defined as part of the valid DL-UL symbol combinations for a slot or implicitly with an Unknown symbol.

Extension to bandwidth parts, numerologies and CA
It was agreed at RAN1 #86bis that NR should support both data and control with the same numerology. In addition it has been agreed that a UE may be configured with one or more bandwidth parts on a wideband carrier, and that the UE may receive/transmit data only within active bandwidth parts using the associated numerology. 
An open question, therefore, is whether separate SFIs should be indicated for each configured bandwidth part or numerology in a serving cell. First, it can be assumed that the DL and UL directions are aligned to avoid UL-DL interference. However, the set of ‘Unknown’ symbols may differ for different numerologies or bandwidth parts depending on the use case or deployment scenario. An example scenario justifying separate SFIs can be seen in Figure 2, where different bandwidth parts are configured for SCS = 15 and 30 KHz. It can be seen that the fifth symbol for 15KHz SCS is indicated as Unknown whereas for the 30KHz SCS the same time duration is indicated as DL. 
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[bookmark: _Ref489869244]Figure 2 Illustration of two bandwidth parts with different indications of DL and Unknown for the same time duration.
It should also be noted in Figure 2 that the GP duration may not necessarily be the same for both numerologies. For instance, if the DL-UL switching time and required timing advance fall within 1-symbol duration at the higher SCS spacing, then an extra OFDM symbol can be indicated as DL in Figure 2.

However, it is not desirable to link SFI indication for a given serving cell to a given bandwidth part and/or numerology. Firstly, by definition, the group-common PDCCH applies to a group of UEs whereas BWPs are UE-specific. Secondly, simpler solutions can be introduced to limit the DL control signaling overhead for a given cell. A UE may be configured to monitor for the group common PDCCH in a given numerology, where the SFI is applicable across any and all BWPs that may be configured for the UE. Referring again to the issue illustrated in Figure 2, UE behavior can be specified for the 30 KHz BWP such that a DCI scheduling DL assignment can overwrite the Unknown symbol(s) defined in the SFI. More details on monitoring behavior are provided in [3].

Proposal 3: If a UE is configured to monitor for SFI for a serving cell, the UE shall assume that a detected SFI is applicable across the serving cell regardless of the number of bandwidth parts and/or numerologies configured in the cell.

If a UE is configured to receive PDSCH in multiple serving cells, i.e. CA, it should be possible to cross schedule SFI indication in one serving cell from another serving cell. This reduces the decoding/monitoring operations for group common PDCCH when a UE is configured for CA. 

Proposal 4: a UE may be configured to monitor for group common PDCCH transmitted in a first serving cell and carrying SFI for a second serving cell.

Reduction in blind decoding operations
It was agreed that a UE should have the possibility to reduce the number of blind decodes performed in a slot based on information carried in a group-common PDCCH. This may be a critical solution to reducing average power consumption especially when a UE is configured to monitor the NR-PDCCH at multiple occasions within a slot (e.g. for URLLC operation). Thus, this is one information field that could be considered for a SFI DCI format. 

Firstly, it should be clear that a UE can skip blind decodes on symbols dynamically indicated as UL or Unknown. Another proposed solution to reduce the number of blind decoding operations is to dynamically signal the duration of a control resource set. This indication may potentially reduce the average number of blind decodes performed by a UE in the same slot. However, it has been agreed to support time-first CCE-to-REG mapping for a multi-symbol CORESET, wherein the REG bundle spans the semi-statically configured CORESET duration. Secondly, for a group-common PDCCH indicating multi-slot SFI it is not clear how/whether to signal the duration of all the configured CORESETs in multiple slots. 

Proposal 5: The duration of one or more control resource sets is not dynamically signaled in the group-common PDCCH carrying SFI.

Other mechanisms to reduce the number of blind decodes may be considered. For instance, group-wide enabling/disabling of NR-PDCCH monitoring occasions within a slot or group of slots may be considered. Specifically, mini-slot based monitoring can be enabled or disabled when a group of UEs are configured for mini-slot monitoring. This allows the group common PDCCH to manage blind decoding across one or more slots without being tied to a specific control resource set. Another possibility is a scaling of the total number of blind decodes similarly to LTE EPDCCH.

Proposal 6: consider group-wide enabling/disabling of monitoring occasions within a slot using the group-common PDCCH 

Other types of group-common control information
Several additional information fields were proposed for the group-common PDCCH, including, but not limited to indication of CORESET duration, explicit indication of number of blind decodes, SR resource indication, CSI-RS configuration, beam related information, PDSCH starting symbol, group UL HARQ-ACK indication and group UL power control commands. This may be partly due to the naming of this channel as group-common, which in reality should then encompass all information that is more efficiently transmitted to a group of UEs rather than duplicated in every UE-specific DCI format. 

Rather than introduce many information fields into the SFI group common PDCCH, two other solutions can be considered

1. Option 1: Additional information fields can be configured in the group common PDCCH carrying SFI based on the deployment scenario. This solution would mean that either the payload size changes based on RRC configuration or a fixed payload size is defined with several reserved information fields which are then enabled by configuration. This approach also supports provisioning for new features that be added in later releases. However, there are some drawbacks to this approach
a. Some of the enumerated information fields such as CSI-RS configuration or beam-related information may need to be periodically transmitted (or monitored) at a different duty cycle compared to the SFI.
b. SFI for multiple slots may be indicated in a given group-common PDCCH, whereas other group-common information types are only valid for the current slot where group-common PDCCH is detected. Thus it is not recommended to mix DCI types with varying scheduling timelines.  
2. Option 2: Additional group common DCIs can be configured independent of the group common PDCCH which conveys SFI. Each of these DCIs can be characterized by an information-specific RNTI. Note that if the group-common PDCCH reuses the NR-PDCCH structure, this unifies the DL control signaling structure for all DCI types. For example, one DCI format contains SFI and is addressed by an SFI-RNTI, whereas a different DCI format contains some other common information such as power control and is addressed by a TPC-RNTI. There are several benefits of this solution.
a. It minimizes the information contained in a group common PDCCH by keeping it specific to the main intended usage of SFI indication.
b. Different DCI types can be grouped into different DCI formats based on monitoring cycle, usage and intended UE behavior, e.g. presence/absence of the information, search space for monitoring etc.
Proposal 7: Other group-common control information types may be transmitted on the NR-PDCCH in type-specific DCI formats.

Conclusion
This contribution discussed signaling details for the SFI contained in the group common PDCCH. In addition we discussed the SFI signaling given multiple bandwidth parts and for CA. A solution was also proposed to address other group-control information types. The proposals are summarized as follows:
· Proposal 1: a set of DL/UL/Unknown symbol combinations is semi-statically configured for a UE by RRC signaling. 
· The SFI field in a group common PDCCH indicates an entry in the set.
· For SFI indication for N slots
· An entry in the table describes the SFIs for N slots, or
· The group common PDCCH contains N SFI fields, where each field indicates an entry in the set of semi-statically configured symbol combinations
· Proposal 2: for TDD, a gap period for DL-UL switching may be either defined as part of the valid DL-UL symbol combinations for a slot or implicitly with an Unknown symbol.
· Proposal 3: If a UE is configured to monitor for SFI for a serving cell, the UE shall assume that a detected SFI is applicable across the serving cell regardless of the number of bandwidth parts and/or numerologies configured in the cell.
· Proposal 4: a UE may be configured to monitor for group common PDCCH transmitted in a first serving cell and carrying SFI for a second serving cell.
· Proposal 5: The duration of one or more control resource sets is not dynamically signaled in the group-common PDCCH carrying SFI.
· Proposal 6: consider group-wide enabling/disabling of monitoring occasions within a slot using the group-common PDCCH.
· Proposal 7: Other group-common control information types may be transmitted on the NR-PDCCH in type-specific DCI formats.
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