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Introduction
During the NR study phase, RAN1 agreed to introduce a group-common control channel that provides at least slot-format related information (SFI). It was agreed that the SFI enables a UE to derive at least which symbols are DL and UL and ‘other’, where the designation of ‘other’ may be used to classify sidelink or blank symbols.  It was also agreed that the UE will have the possibility to determine whether some blind decoding operations can be skipped based on information contained in the group common PDCCH, if present. Additional fields for inclusion in this group-common PDCCH were discussed but no consensus has so far been reached on any other field. This contribution provides further details for the SFI and also considers what additional information could be beneficial for this particular type of common control signaling. Other aspects including channel structure, configuration and monitoring are discussed in a companion contribution [1]. 
Details of SFI
The only agreement so far regarding SFI is that it enables the UE to derive transmission directions for some symbols in the slot while the rest may be left unspecified (‘other’ designation) or further indicated as e.g. sidelink. To determine the required signaling overhead it is useful to describe how the UE makes use of a detected SFI. 

As discussed in [1] if a UE has not been configured to monitor for the group-common PDCCH, it should follow the symbol transmission direction indicated by the frame structure, a semi-statically configured format (if present), configured occasions for CSI measurement/reporting and SRS transmission, or it assumes by default that a slot is DL except instructed otherwise by dynamic signaling. 

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 and the corresponding 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, which also requires dynamic reconfiguration of DL/GP/UL partitioning for bidirectional slots.

Consequently, one important use case for the SFI is that is enables the UE to determine whether to perform CSI measurements or transmit SRS/CSI reports according to a configuration signaled by higher layers. For normal FDD operation the group-common PDCCH is not needed. However, if part of the paired spectrum can be shared for other purposes e.g. LTE-NR coexistence, the group-common PDCCH may be beneficial to reserve some symbols for which the UE makes no assumption, or performs any action.  
Therefore, the SFI may indicate all valid combinations of DL and UL symbols. An example for a 14 symbol slot is shown in Figure 1. DL-UL switching period can be located within the blank symbol. 
[image: ]
Figure 1: Possible combinations of DL and UL symbols in a 14-symbol slot
Allowing for both unidirectional and bidirectional combinations with a single blank symbol, up to 14 combinations could be specified, which requires 4 bits. In contrast a 7-symbol slot would require 3 bits for all combinations of DL and UL symbols. Reduction is signaling overhead can be implemented by reducing the allowed combinations of DL and UL symbols. For example, in self contained HARQ operation, only 1 or 2 symbols may be configured for the UL region of a DL-centric slot. 
Observation: the SFI payload size depends on the numerology and allowed combinations of DL and UL symbols in a slot.

Necessity for additional information fields in the group-common PDCCH
Reduction in blind decoding operations
An outstanding issue is how the UE exploits information contained in the group common PDCCH to skip some blind decodes in the slot. It should be clear that the UE can skip blind decodes on symbols dynamically indicated as UL or reserved/blank. Furthermore, a UE may be configured to monitor the NR-PDCCH at multiple occasions within a slot as discussed in [2]. 

A 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. On the other hand the proposed savings in terms of UE power consumption are unclear as enumerated below,

1) Firstly, the reduction in average decoding effort depends on the search space design and the CCE-to-REG mapping. Figure 2 depicts a control resource set with N CCEs and 4 REGs per CCE.  For frequency-first CCE-to-REG mapping as shown in Figure 2(b), dynamically indicating the actual duration of the control resource set may allow a UE to skip some blind decodes at least in a UESS. On the other hand for time-first mapping as shown in Figure 2(b) the control resource set duration is always fixed. 


[bookmark: _Ref481507076]Figure 2 CCE-to-REG mapping options in a control resource set (a) Time-first and (b) Frequency-first

2) The group-common PDCCH may have to be transmitted in each configured control resource set if it contains an indication of the duration. This could be a significant overhead from the network perspective depending on the number of control resource sets and/or monitoring occasions in a slot. A more efficient approach is that the information contained in a group-common PDCCH is slot-specific and not control resource set specific. 
3) In contrast to signaling slot format information, which may be valid for current and future slots, dynamic indication of the control resource set duration is only valid for the current slot. Therefore, if the transmission of the group-common PDCCH is periodic with a long duty cycle, the actual savings in UE power consumption may be negligible. 

Proposal: The duration of a control resource set is not dynamically signaled in a group-common PDCCH.

If further mechanisms are deemed necessary to reduce the average number of blind decodes, one possible solution is to consider group-wide enabling/disabling of NR-PDCCH monitoring occasions within a slot. For example, mini-slot based monitoring can be enabled or disabled when a group of UEs are configured for slot and mini-slot monitoring. This allows the group common PDCCH to manage blind decoding across the slot without being tied to a specific control resource set.

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

Need for more than one group common PDCCH
The group-common PDCCH conveying SFI should be distinguished from other types of group control information such as group power control commands. There are other types of information that may be more efficiently transmitted to a group of UEs rather than duplicated in every UE-specific DCI format. For forward compatibility it was mentioned that some bits may be reserved in the group common PDCCH. Rather than introduce many information fields into the SFI group common PDCCH, two other solutions can be considered

1. Option 1: The information fields in the SFI group common PDCCH apart from the SFI field are configurable. This solution would mean that either the payload size changes based on RRC configuration or a fixed payload size is defined with several reserved bits which can be enabled by configuration. This would also provision for new features in later releases.
2. Option 2: Additional group common PDCCHs can be configured. There is at least one group common PDCCH conveying SFI. If the group-common PDCCH uses the NR-PDCCH structure, this is easily done by specifying different DCI formats. For example, one such group-common PDCCH can be used to convey group power control commands. There are several benefits of this option.
a. It minimizes the information contained in the SFI PDCCH by keeping it specific to the main intended usage
b. Different information types may require different monitoring cycles and different UE behavior depending on the presence or absence of the information including need for blind decodes or fixed candidate.
Proposal: consider introducing additional group-common PDCCHs tailored to the intended usage rather than adding many reserved bits to the SFI group common PDCCH. 
Conclusion
This contribution discussed signaling details for the SFI contained in the group common PDCCH. In addition we discussed the necessity of additional information fields in the group-common PDCCH carrying SFI. The proposals are summarized as follows:
· Observation: the SFI payload size depends on the numerology and allowed combinations of DL and UL symbols in a slot.
· Proposal 1: The duration of a control resource set is not dynamically signaled in a group-common PDCCH.
· Proposal 2: consider group-wide enabling/disabling of monitoring occasions within a slot using the group-common PDCCH
· Proposal 3: consider introducing additional group-common PDCCHs tailored to the intended usage rather than adding many reserved bits to the SFI group common PDCCH.
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