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1 Introduction

During previous meetings [1][2][3], the following agreements related to ‘group-common PDCCH’ have been achieved:
· 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 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
· ‘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
· 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

· 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’

· 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: ‘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.
The term ‘group-common PDCCH’ refers to a channel that at least carries ‘slot format related information’ (SFI). Note that there remain FFS points whether the ‘group-common PDCCH’ can also carry other common information, e.g., starting position of downlink data, ending position of control resource set, etc. In this contribution, we share our views on the potential contents transmitted together with ‘Slot format related information’ in ‘group-common PDCCH’. At the same time, other group-common information referring to NR-PDCCH channels in common search space is discussed as well.

2 Contents of group-common PDCCH
Based on the previous agreements made in [1], a UE should be able to receive at least PDCCH in a slot even without the ‘group-common PDCCH’, at least for the case that gNB does not transmit it.  Thus, the ‘group-common PDCCH’ is likely to be an add-on signalling such that it is a gNB implementation issue to decide whether to transmit it. Therefore, other potential common information transmitted in ‘group-common PDCCH’ should comply with these characteristics. On the other hand, note that some DCIs transmitted in PDCCH common search space could be used to carry some group-common information, e.g., the scheduling of SIBx, RAR, TPC, etc. Such information respectively takes responsibilities for initial access, power control, and data transmission procedures, etc. Thus, the information should be transmitted for the related functionalities and the reliability of these information should be guaranteed. Based on the discussion, in this contribution the term of group-common PDCCH refers to two types of channels: 

· Type A - Group-common PDCCH carrying SFI: It refers to one channel (e.g. a regular NR-PDCCH or a separately designed structure) that supports a ‘group-common PDCCH’ carrying information of SFI and other potential common information. 

· Type B - Group-common PDCCH carrying common DCIs other than SFI: It refers to NR-PDCCH in common search space that carries several kinds of group-common information that should be transmitted for the related functionalities and relatively higher reliability. 
In the following section, several kinds of group-common information will be discussed for NR. For each kind of group-common information, it will clearly be categorized into Type A or Type B. 
2.1 Group-common PDCCH carrying SFI
· ‘Slot format related information’
Note that it was agreed that a UE can be configured with RRC signaling whether to decode the ‘group-common PDCCH’. It may be benefit to additionally configure a monitoring occasion for the UE. This can potentially affect UE behavior of monitoring the ‘group-common PDCCH’. In general, two alternatives can be considered. One is to indicate the beginning of each period of time followed by a periodicity. The other is to indicate a bitmap within a period of time which is similar to the monitoring occasion for LTE EPDCCH with ICIC.
Proposal 1: Monitoring occasion for ‘group-common PDCCH’ should also be configured semi-statically.
Table 1 Configurations of slot format (Normal CP, 14 symbols)
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Based on the agreements, from the ‘slot format related information’ a UE can derive at least which symbols in a slot that are respectively ‘DL’, ‘UL’, and ‘unknown’. If all possible combination of slot formats are supported, there will be up to 314 candidates, considering possible variations of short PUCCH resources, reserved resources (i.e., ‘unknown’) for future release, and many other factors. Actually, not all combinations may be valid or needed. Therefore, to further reduce signaling overhead, NR should define a set of slot formats. As stated in our companion’s contribution [4], there is no strong motivation to support dynamic indication for reserved resources. Therefore, unless other motivation is claimed, the ‘unknown’ symbol(s) shall be seen as guard period used between ‘DL’ symbol(s) and ‘UL’ symbol(s). Moreover, within one slot there exists only one set of contiguous ‘unknown’ symbols. Based on the discussions, here it is suggested that four basic structures can be considered, i.e., DL-full, UL-full, DL-dominant and UL-dominant. For the latter two, the slot formats listed in Table 1 can be seen as the starting points for 14-symbol slot with normal CP.
Proposal 2:‘Unknown’ should be seen as guard period. Within one slot, there exists only one set of contiguous ‘unknown’ symbols.
Proposal 3: For a slot containing ‘DL’, ‘unknown’ and ‘UL’, consider slot formats listed in Table 1 as the starting points.
It was agreed that the ‘slot format related information’ transmitted in a ‘group-common PDCCH’ can indicate the slot format for one or more slots [2]. Several slot patterns can be predefined in specification or semi-statically configured. Specifically, each slot pattern can be defined for one or multiple slots, followed by a set of slot formats for all corresponding slots. At each monitoring occasion, an index is carried by the ‘group-common PDCCH’ dynamically indicating the chosen pattern. 
Proposal 4: Slot patterns are predefined in specification or semi-statically configured. Each pattern is defined in terms of duration and slot format for each slot in the duration.
There remains an FFS on slot format indication when the UE is configured with multiple bandwidth parts. Although NR currently prioritizes the single active bandwidth part case, a joint indication is preferred where a UE can monitor one ‘group-common PDCCH’ within which multiple Y-tuples are configured where each Y-tuple is associated with a respective numerology or bandwidth parts. DCI format 3/3A in LTE can thus be taken as a potential reference. This is beneficial for supporting multiple component carrier case. Moreover, it is fully forward compatible for supporting multiple active bandwidth part case in the future release. For detailed discussions, readers can refer to our companion’s contribution [5].
· Beam related information

According to [1], UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously or in different NR-PDCCH OFDM symbols, where M ≥ 1. The M beam pair links can be configured by dedicated RRC signaling for a particular UE. On the other hand, in a slot, there are N beam pair links for a group of UEs, where N ≥ 1 beam pair links depends on the gNB scheduling in a slot and may or may not include configured M beam pair links. If the scheduled N beam pair links in a slot can be dynamically indicated, the UE will skip some blind decodings on those non-indicated beam pair links. It can offer benefits of reducing blind decoding complexity and power saving. 
The ‘group-common PDCCH’ can contain the information of scheduled N beam pair links, e.g. beam ID for current slot or the following multiple slots. When UE correctly detects the ‘group-common PDCCH’, if one or multiple indicated N beam pair links are included in UE-specific configured M beam pair links, UE will continue to monitor the NR-PDCCH on the indicated beam pair links included in M beam pair links. If none of indicated N beam pair links are included in M beam pair links, UE will skip blind decoding in current slot. According to the analysis above, the beam related information can be transmitted together with ‘Slot format related information’ in ‘group-common PDCCH’, and it can be categorized into Type A group-common information.
Proposal 5: In addition to ‘Slot format related information’, beam related information can be transmitted together by using the group-common PDCCH carrying SFI.
2.2 Group-common PDCCH carrying common DCIs other than SFI

· Group ACK/NACK indication
As discussed in [6], an ACK/NACK indication can be considered at least for grant-free transmission. Furthermore, the ACK/NACK indication can be transmitted by using a group-common signaling because ACK/NACK indications for multiple users can be combined into the same signaling to improve efficiency as specified for TPC command in LTE. Thus, group ACK/NACK indication is named and it is transmitted in a common signaling targeting a group of users. 

As mentioned above, the TPC command with DCI format 3/3A in LTE can be taken as a potential reference for 1~2 bits ACK/NACK for each UE. In addition, ACK/NACK is directly relevant to data transmission and HARQ procedure, thus it should be categorized into Type B group-common information. 

· Group-common pre-emption indication

It was agreed that group-common pre-emption indication is transmitted using a group common DCI in PDCCH [3]. 
Such pre-emption indication is very critical for eMBB transmission since the information should be informed to the UE for its successful decoding. Based on the above discussion it should be categorized into Type B group-common information.
Based on the above discussions, the contents belonging to group-common PDCCH are further summarized in Table I.
Table 2 Contents of group-common PDCCH
	
	FIELD
	DESCRIPTION
	BITWIDTH

	Type A
	‘Slot format related information’ 
	Derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively.
	DCI, similar as format 3/3A in LTE

	
	Beam related information
	Scheduled beam pair links in a slot in order to reduce the number of blind detections
	TBD. Depends on number of beams, etc.

	Type B
	Group ACK/NACK indication
	Group ACK/NACK indication at least for grant-free transmission
	DCI, similar as format 3/3A in LTE

	
	Group-common pre-emption indication
	Indication of pre-emption of eMBB
	15~30 bits


Proposal 6: Group ACK/NACK indication and/or group-common pre-emption indication can be carried in one or more group-common PDCCHs carrying common DCIs other than SFI in common search space.
3 Conclusion

In this contribution, the group-common PDCCH carrying information of e.g. the slot format and other group-common information are discussed. The following proposals are given: 
Proposal 1: Monitoring occasion for ‘group-common PDCCH’ should also be configured semi-statically.

Proposal 2: ‘Unknown’ should be seen as guard period. Within one slot, there exists only one set of contiguous ‘unknown’ symbols.

Proposal 3: For a slot containing ‘DL’, ‘unknown’ and ‘UL’, consider slot formats listed in Table 1 as the starting points.
Proposal 4: Slot patterns are predefined in specification or semi-statically configured. Each pattern is defined in terms of duration and slot format for each slot in the duration.
Proposal 5: In addition to ‘Slot format related information’, beam related information can be transmitted together by using the group-common PDCCH carrying SFI.
Proposal 6: Group ACK/NACK indication and/or group-common pre-emption indication can be carried in one or more group-common PDCCHs carrying common DCIs other than SFI in common search space.
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