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1 Introduction

The following agreements related to ‘group-common PDCCH’ have been achieved [1-2]:
· 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 signaling the UE whether to decode the ‘group-common PDCCH’ or not
· 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).
· 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 behavior
· FFS: A UE may be configured to monitor for at most one group-common PDCCH carrying slot format related information (SFI) in a slot
During previous meetings, there remain several FFS on UE behavior with or without ‘group-common PDCCH’, and slot format information interpretation when a UE is configured with multiple bandwidth parts. In this contribution, we provide some considerations on UE behavior under these two circumstances. 
2 UE behavior related to ‘group-common PDCCH’
2.1 UE behavior with or without ‘group-common PDCCH’
As agreed, the higher layer signaling can be used for semi-static assignment of DL/UL transmission direction for NR. These semi-statically configured resources can include ‘fixed DL’, ‘fixed UL’ and ‘reserved /blank’. If a UE succeeds to decode a configured ‘group-common PDCCH’, then it is proposed that the UE should follow the configuration of the ‘group-common PDCCH’. Specifically, the UE should do semi-statically configured UL transmission and DL measurement respectively on the indicated UL and DL resources. In addition, the UE should monitor PDCCH in all slots/symbols that are indicated as DL.
Proposal 1: When a UE succeeds to decode a configured ‘group-common PDCCH’, it does semi-statically configured UL transmission and DL measurement respectively on the indicated UL and DL resources, and monitors PDCCH as configured in all slots/symbols that are indicated as DL.
There was also a common understanding that the network can inform through RRC signaling the UE whether to decode a ‘group-common PDCCH’ or not, including potential periodicity of ‘group-common PDCCH’. It implies that it is possible to provide the flexibility for gNB not to configure a ‘group-common PDCCH’. Besides, there are two potential structures, i.e., a regular NR-PDCCH and a separately designed structure, for ‘group-common PDCCH’ [1]. Therefore, some fallback operation should be considered for a UE fails to decode a ‘group-common PDCCH’ even when gNB configures one. Accordingly, in the following paragraphs UE behavior in the following two cases are specified.

· Case 1: UE behavior when not configured with ‘group-common PDCCH’
· Case 2: UE behavior when fails to decode a configured ‘group-common PDCCH’.
There are two typical use cases for not configuring a UE with ‘group-common PDCCH’. On one hand, some slots that are predefined to be always DL and/or UL, e.g., the ones for initial access including DL resources for SS block, RMSI, and/or UL resources for PRACH. It is straightforward that the UE should consider the resources with default configurations. On the other hand, there can be cases that all resource are semi-statically configured unless specifically changed by DL/UL scheduling grant. There is no need for dynamic signaling to indicate the slot format related information. In these cases, UE can simply follow the periodic configurations, which is similar to that in LTE.

Proposal 2: When a UE is not configured with ‘group-common PDCCH’, it follows default configurations or some periodic configurations.
As discussed above, some fallback operations should be considered when a UE is configured with a ‘group-common PDCCH’ but fails to decode the message. The main concern for the fallback operations is that UE behavior should be as safely as possible so that it will cause no impact on other UEs’ transmission. One natural option for the fallback solutions could be let the UE not do semi-statically configured UL transmission and DL measurement in case that the corresponding resources are indicated as ‘unknown’ and/or ‘empty’. However, the UE can monitor PDCCH as configured in all the slots/symbols that are not considered as UL. This requires that gNB and UE always have a common understanding of a set of the PDCCH resources to be monitored within such subband. 
Proposal 3: During one monitoring occasion for the configured ‘group-common PDCCH’, if a UE fails to receive the message, the UE should not do semi-statically configured UL transmission and DL measurement, but can monitor PDCCH as configured in all slots/symbols that are not considered as UL.
2.2 UE behavior with ‘group-common PDCCH’ in multi-bandwidth part case
During previous meetings [2-3], it was agreed that one or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE, where each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type). Therefore, slot format related information (SFI) in a slot can be indicated in several ways as follows.

Option 1: on a per component carrier basis

Option 2: on a per numerology basis

Option 3: on a per bandwidth part basis

In the remaining of this section, detailed considerations on UE behavior are provided with the respect to the three options. Note that for the ‘group-common PDCCH’, NR meeting has not precluded the possibility of either a regular NR-PDCCH or a separately designed structure [4]. Specifically, the former one refers to one or multiple CCEs used for PDCCH transmission so that it is easy to multiplex with regular NR-PDCCH, while the latter one refers to a PCFICH-like or a PHICH-like channel when a small payload size is targeted. Therefore, both structures will be embraced in the discussions.

2.2.1 A per component carrier basis

In this case, all UEs operating on the same component carrier share the same SFI. At least for a single component carrier operation, a UE can therefore monitor only one ‘group-common PDCCH’ irrespective to the number of bandwidth parts configured in this component carrier. 

For a regular NR-PDCCH structure, a ‘group-common PDCCH’ is within a common search space since the term ‘group common PDCCH’ refers to a channel that carriers information intended for a group of UEs’. This common search space can be either an available one during initial access or an additional configured one [5], depending on both the frequency location of the bandwidth part(s) and UE maximum bandwidth capability.

For a separately designed structure, both the frequency location and the numerology for a ‘group-common PDCCH’ should be signaled to a UE. This is to better support dynamic resource allocation for mixed numerologies which can provide enough flexibility and improve the efficiency of multiplexing between this ‘group-common PDCCH’ and NR-PDCCH/PDSCH. More consideration can be referred to our companion’s contribution [4].
2.2.2 A per numerology basis

To indicate an SFI on a per numerology basis can provide more flexibility compared to the former one. This mainly results from the uncertainty of alignment of ‘unknown’ symbols among subbands with different numerologies. In this case, each numerology may need to be associated with a specific SFI. Two approaches can thus be considered. 

A first approach is that the signaling indicates SFI for only one numerology to a UE. This corresponds to the case of separate indication. In this case, for a UE configured with multiple bandwidth parts related to different numerologies, it needs to monitor more than one ‘group-common PDCCHs’ on subbands related to different numerologies.

For a regular NR-PDCCH structure, this approach is to associate specific SFI-RNTIs with different numerologies for a UE. For example, if a UE is activated with two bandwidth parts with different numerologies, the UE can be configured with a first SFI-RNTI for the first numerology and a second SFI-RNTI for the second numerology. For a separated designed structure, this approach requires addition signaling(s) for the time/frequency location of each ‘group-common PDCCH’, especially for the case that dynamic resource allocation for mixed numerologies is adopted.

A second approach is to allow joint indication of SFIs for multiple numerologies. In this case, a UE monitors a ‘group-common PDCCH’ on one predefined/configured subband in one component carrier irrespective to the number of active bandwidth part(s). For either a regular NR-PDCCH structure or a separately designed structure, this approach is to allow configuration of multiple Y-tuples for a UE in one signaling where each Y-tuple is associated with a respective numerology. Besides, additional numerology indices are needed for multiple Y-tuples so that a UE can be aware of which numerology each Y-tuple of bits is related to in the signaling.

2.2.3 A per bandwidth part basis

This one provides the most flexibility among the three cases. The primary motivation comes from a potential need of interference measurement if ‘empty’ symbols are agreed to be configured through a ‘group-common PDCCH’. Specifically, it is allowed that interference measurement signals to be configured within a partial subband but not a whole subband related to a given numerology. As a result, even for a UE activated on multiple bandwidth parts sharing the same numerology, different SFIs can be among the multiple bandwidth parts.

As discussed in [4], the interpretation of the bits in DCI format can be as for the bits in DCI format 3/3A in LTE. Then, the DCI format includes multiple Y-tuples for different bandwidth parts where the total number of the Y-tuples is up to the floor of the ration between the size of the DCI format and the number of bits in the Y-tuple of bits. Furthermore, for each bandwidth part on which a UE is activated, an index is configured so that the UE can be aware of the position for a Y-tuple of bits in DCI format that is associated with the SFI of the bandwidth part.

Based on the above discussions, different associations of SFI will leads to different UE behaviors. Hence, it seems reasonable the SFI interpretation for the multi-bandwidth part scenario can be deferred till down selection is made.

Proposal 4: Down selection from the following slot format indication options:
· Option 1: on a per component carrier basis

· Option 2: on a per numerology basis

· Option 3: on a per bandwidth part basis
3 Conclusion

Our proposals in this contribution are summarized as follows.
Proposal 1: When a UE succeeds to decode a configured ‘group-common PDCCH’, it does semi-statically configured UL transmission and DL measurement respectively on the indicated UL and DL resources, and monitors PDCCH as configured in all slots/symbols that are indicated as DL.

Proposal 2: When a UE is not configured with ‘group-common PDCCH’, it follows default configurations or some periodic configurations.
Proposal 3: During one monitoring occasion for the configured ‘group-common PDCCH’, if a UE fails to receive the message, the UE should not do semi-statically configured UL transmission and DL measurement, but can monitor PDCCH as configured in all slots/symbols that are not considered as UL.
Proposal 4: Down selection from the following slot format indication options:
· Option 1: on a per component carrier basis

· Option 2: on a per numerology basis

· Option 3: on a per bandwidth part basis
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