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Introduction
A group-common PDCCH carrying at least slot format related information (SFI) shall be specified in NR Release 15. At the RAN1 #89 meeting some details on the SFI were agreed as follows,
Agreements:
· 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
· 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

Many other issues remain to complete specification of the group-common PDCCH. Some of these issues are also treated in a RAN1 email discussion [89-20] which is summarized in [1]. In [2] we advocate for one DCI format targeted to SFI, whereas other DCI formats may be defined for other types of group-common control information. In this contribution we look into configuration and monitoring aspects for a group-common PDCCH carrying an SFI DCI format. 
Discussion
Configuration aspects
A UE is semi-statically configured by RRC signaling to monitor for the SFI group-common PDCCH. The RRC configuration should also indicate the physical resources where this channel is transmitted. The SFI group-common PDCCH can either be mapped to a fixed position in a configured control resource set (CORESET), or to one of a set of candidate locations defined by a group-common search space. Note that a fixed location is equivalent to a search space containing a single candidate. There is a tradeoff between these two alternatives. A fixed location, particularly in the first symbol of a slot, would enable fast decoding of the group-common PDCCH, which is beneficial when SFI for the same slot is indicated. Secondly, the number of blind decodes performed by a UE does not change depending on whether or not the SFI group common PDCCH is configured to be monitored in a particular slot. 

More generally, the SFI group common PDCCH may be transmitted in its own control resource set with an associated search space. One or more candidate locations may be configured for monitoring the SFI group-common PDCCH. This approach provides more degrees of freedom as the search space position can change in time for interference coordination, scheduling flexibility etc. The drawback is that the UE performs a number of blind decodes to determine where the SFI PDCCH was transmitted and this should be taken into account when determining the total number of blind decodes supported by a UE within a given slot. 

Since the SFI group common PDCCH is common to at least a group of UEs, it should be possible to configure a UE to monitor for the SFI PDCCH in a first CORESET that is configured by the MIB as shown in Figure 1(a). Alternatively, a UE may be configured to monitor for the SFI group-common PDCCH in a CORESET that does not overlap with the MIB-signaled control resource set as shown in Figure 1(b). One motivation to configure an independent CORESET is to support different characteristics such as PDCCH-to-CCE and CCE-to-REG mapping schemes compared to the MIB-signaled CORESET.
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[bookmark: _Ref480302678]Figure 1 Location of physical resources for the SFI group common PDCCH
An alternative, and perhaps simpler, solution is to introduce a dedicated SFI DCI format as proposed in [2]. The UE may then be configured to monitor for the SFI DCI format in a common search space that is associated with either the MIB-configured CORESET or a different configured CORESET. In this case, monitoring for the SFI DCI format is part of the overall number of blind decodes performed by the UE.

Proposal 1: A UE may be configured with a CORESET and the associated search space for monitoring for a group-common PDCCH carrying SFI. Two alternatives should be further studied
· A group-common search space containing a single candidate
· A group-common search space containing multiple candidates


As the SFI is common to a group of UEs, e.g. those UEs selecting the same SS block during initial cell search, the group-common PDCCH should be reliably received by cell edge users. As such, transmission parameters should support robust operation without relying on accurate and timely CSI feedback. Therefore, interleaved CCE-to-REG mapping should be supported for transmitting the SFI group-common PDCCH. To reduce specification, the DMRS mapping and overhead should be similar to other NR-PDCCHs.

Proposal 2: Interleaved CCE-to-REG mapping is supported for the SFI group-common PDCCH. 

Monitoring aspects
Numerology and bandwidth part considerations
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 DL/UL bandwidth parts using the associated numerology.  

The SFI group common PDCCH should indicate the combination of DL, UL and ‘Unknown’ symbols within a bandwidth part and/or for a given numerology in a slot. When different bandwidth parts or more specifically, different numerologies are configured in a slot, 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. Figure 2 depicts an example scenario where independent SFI group-common PDCCHs are transmitted in different frequency sub-bands using 15 and 30 KHz subcarrier spacing (SCS) values. 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. Therefore, a UE may be configured to monitor for group-common PDCCH carrying SFI for each configured bandwidth part or numerology. 
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Figure 2 Numerology or bandwidth part-specific group-common PDCCH indicating DL/GP/UL partition for a slot
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.

Proposal 3: A UE may be configured to independently monitor for group-common PDCCHs carrying SFI for different numerologies or bandwidth parts.


Multi-beam operation
For multi-beam operation it was agreed that a UE may be configured to monitor the NR-PDCCH on multiple DL beams. One motivation for this agreement is to ensure reliable control channel reception in case of blockage or DL beam misalignment for above 6 GHz deployments. Consequently, robust delivery of SFI should be ensured for such deployment scenarios. 

Proposal 4: A UE may be configured to monitor for the group-common PDCCH on multiple DL beams.

Other aspects
The SFI, as the name implies, should be applicable across a slot for a given numerology. Regardless of the number of configured control resource sets monitored within a slot for a given DL beam, the SFI should be common for the same numerology and for the same bandwidth part. 

Proposal 5:  A UE may be configured to monitor for at most one group-common PDCCH carrying SFI for a given bandwidth part in a slot.

The SFI may be used to provide more current information on transmission directions than that assumed by a UE. For instance, supporting an NR carrier in some LTE TDD bands may require that the NR cell follows coexistence guidelines when it comes to transmission directions. In addition the SFI may indicate valid CSI measurement/reporting and periodic SRS transmission occasions. Therefore, when configured, it is most effective if a UE is configured to periodically monitor for the SFI group common PDCCH. 

Proposal 6: A UE is configured to periodically monitor for group-common control channel conveying slot format related information. 

UE behavior
There are three monitoring cases where the UE behavior should be defined, namely when the group-common PDCCH is not configured, when it is detected, and when it is not detected or not valid for a given slot. A default behavior should be specified when it is not configured since this would at least be true until the RRC configuration is received. In this case the UE may follow the transmission directions defined by the frame structure if known (e.g. FDD) or semi-statically configured assignments such as CSI measurement/reporting occasions and periodic SRS transmission. During the NR study item phase it was also agreed that unless otherwise specified or indicated to the UE, the UE shall make no assumption on whether to transmit or receive at least within the data region(s) in a given time interval [3].
 
When a UE is configured to monitor for a group-common PDCCH carrying SFI, UE behavior needs to be clarified on which signaling takes precedence if there is misalignment on symbol designation between UE-specific DCI, group-common PDCCH carrying SFI and RRC signaling/semi-static configuration.

In our view group-common PDCCH and UE-specific signaling should not indicate different transmission directions for a given symbol in a slot. This would be an erroneous configuration and UE behavior does not need to be specified. 

A second issue is whether a group-common PDCCH carrying SFI can indicate a different symbol designation compared to a semi-static configuration, e.g. a periodic CSI-RS or periodic SRS resource configuration.  One solution is that the RRC configuration takes precedence in case of misalignment. This is motivated by the fact that RRC signaling is more reliable. Alternatively, it can be argued that since the SFI is more timely and dynamically signaled it should override any RRC configured symbol designations. In our view a gNB should not semi-statically configure SRS or CSI-RS resources on symbols that may flexibly change direction. Rather, aperiodic CSI reporting or SRS transmission should be used. 

A third issue is when a UE does not detect the SFI group-common PDCCH when configured to monitor for it in a slot. One example of this is if a CRC is generated for the group-common PDCCH and the CRC detection fails. This scenario is highly unlikely if a UE receives other NR-PDCCHs in the same slot. For unscheduled UEs they may follow semi-statically configured measurement or transmission occasions.

Proposal 7: UE behavior regarding SFI reception is as follows
· The case where UE-specific DCI and SFI group-common PDCCH indicate different UL/DL transmission directions for the same subset of symbols in a slot is regarded as an erroneous configuration and UE behavior is not specified.
· Potential misalignment between semi-statically configured CSI-RS and SRS resources and the symbol designations indicated by SFI group-common PDCCH, can be avoided by dynamically scheduling SRS and CSI-RS occasions. 
· If a UE does not receive a SFI for a given slot, it follows the transmission direction indicated by other signaling including L1 and RRC signaling or the frame structure, if known.

Considering DRX operation, a UE should not be required to monitor the SFI group common PDCCH during the DRX period of a DRX cycle. In the first slot where a UE wakes up, the SFI may not be available. The UE may monitor for the group common PDCCH at the next configured monitoring occasion. 
Proposal 8: A UE is not required to monitor for the group common PDCCH during the DRX period of a DRX cycle.

Conclusion
This contribution discussed configuration and monitoring aspects of the group-common PDCCH carrying SFI. The proposals are summarized as follows, 
· Proposal 1: A UE may be configured with a CORESET and the associated search space for monitoring for a group-common PDCCH carrying SFI. Two alternatives should be further studied
· A group-common search space containing a single candidate
· A group-common search space containing multiple candidates
· Proposal 2: Interleaved CCE-to-REG mapping is supported for the SFI group-common PDCCH.
· Proposal 3: A UE may be configured to independently monitor for group-common PDCCHs carrying SFI for different numerologies or bandwidth parts.
· Proposal 4: A UE may be configured to monitor for the group-common PDCCH on multiple DL beams.
· Proposal 5:  A UE may be configured to monitor for at most one group-common PDCCH carrying SFI for a given bandwidth part in a slot.
· Proposal 6: A UE is configured to periodically monitor for group-common control channel conveying slot format related information. 
· Proposal 7: UE behavior regarding SFI reception is as follows
· The case where UE-specific DCI and SFI group-common PDCCH indicate different UL/DL transmission directions for the same subset of symbols in a slot is regarded as an erroneous configuration and UE behavior is not specified.
· Potential misalignment between semi-statically configured CSI-RS and SRS resources and the symbol designations indicated by SFI group-common PDCCH, can be avoided by dynamically scheduling SRS and CSI-RS occasions.
· If a UE does not receive a SFI for a given slot, it follows the transmission direction indicated by other signaling including L1 and RRC signaling or the frame structure, if known.
· Proposal 8: A UE is not required to monitor for the group common PDCCH during the DRX period of a DRX cycle.
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