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1 Introduction

The following working assumption related to ‘group-common PDCCH’ was achieved in RAN1#90 meeting [1] and the working assumption was confirmed in RAN1 AH NR#3 meeting [2]:
· ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.
· ‘Unknown’ is signaled at least by SFI in a group-common PDCCH

· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)

· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.
· ‘Reserved’ is signaled at least by RRC

· FFS: handling of ‘gap’    
· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.

In RAN1 AH_NR#3 meeting [2], more agreements related to SFI were achieved as below:

· Regarding dynamic SFI content definition

· The SFI carries an index to a table that is UE-specifically configured via RRC
· FFS how to manage the table for future proof

· FFS how to define entries in the table

· FFS whether to have separate or joint management of slot based SFI (SFI indicates the slot format of the corresponding slot) vs. multi-slot SFI (SFI indicates the slot format of more than one corresponding slots)
· UE can be configured to monitor SFI in group common PDCCH for a SCell at least on the same SCell, or on a different cell (as a working assumption)
In this contribution, we provide some detailed considerations on the contents and structure of group common PDCCH, followed by related UE behaviour. 
2 Contents of group-common PDCCH

Term of group-common PDCCH could refer to two types of channels:
· Type A - Group-common PDCCH carrying SFI: It refers to a 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. For the sake of clarity, Type A group-common PDCCH is referred to as ‘group-common PDCCH’ in the following.
· Type B - Group-common PDCCH carrying common DCIs other than SFI: It refers to NR-PDCCH that carries several kinds of 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. 
2.1 Group-common PDCCH carrying SFI
Slot format related information (SFI)
Based on the agreements achieved in the previous meetings [3]
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[4], from the SFI a UE can derive at least which symbols in a slot that are respectively ‘DL’, ‘UL’, and ‘unknown’. 
A general rule and likely a common understanding is that for a slot with both DL transmission and UL transmission, it starts with the DL transmission which is followed by UL transmission when only one DL/UL switching point exists in the slot. To our understanding, there is no strong motivation to define multiple chunks of ‘unknown’ symbols in a slot with only one DL/UL switching point. In addition, if the UE needs to be aware that ‘unknown’ is used to achieve the same as ‘reserved’, explicit indication can be signalled semi-statically. 
In RAN1#90 meeting, 7-symbol slot is removed from NR and it is allowed to have more than one DL/UL switching points within a 14-symbol slot. As a result, slot formats with multiple switching points should be supported additionally. A typical example for supporting URLLC transmission is shown in Figure 1 where the slot contains 2 candidate SS/PBCH blocks. To support 0.25 ms DL/UL switching, only one candidate SS block can be transmitted in the second half of the slot. Besides, both ‘DL’ and ‘UL’ symbols are included in each half of slot so as to guarantee no larger than 1 ms latency. In particular, more than one switching points per slot is necessary for URLLC services, so that more HARQ re-transmissions are possible within 1ms bound. This is more important within a slot of smaller SCS, such as 15 kHz. 
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Figure 1 Use case of slot format with multiple switching points

For a slot with two switching points, the slot format can also be defined based on the above general rule where in each 7-symbol half a slot starts with the DL transmission which is followed by UL transmission. Multiple tuples can be used respectively for indication of the numbers of DL, UL and unknown symbols where the first element in each tuple is the number of DL/UL/unknown symbols in the first 7-symbol half slot and the second element is the number in the second 7-symbol half slot.

Based on the above discussions, here it is suggested that the slot formats listed in Table 1 can be seen as the starting points for a slot with one or multiple DL/UL switching points.
Table 1 Slot formats with one or multiple DL/UL switching points (Normal CP)

	format
	DL
	Unknown
	UL
	format
	DL
	Unknown
	UL

	0
	14
	0
	0
	15
	1
	10
	3

	1
	3
	11
	
	16
	
	4
	9

	2
	2
	12
	
	17
	
	3
	10

	3
	1
	13
	
	18
	
	2
	11

	4
	3
	10
	1
	19
	
	1
	12

	5
	9
	4
	
	20
	2
	9
	3

	6
	10
	3
	
	21
	
	3
	9

	7
	11
	2
	
	22
	
	2
	10

	8
	12
	1
	
	23
	
	1
	11

	9
	3
	9
	2
	24
	3
	2
	9

	10
	9
	3
	
	25
	
	1
	10

	11
	10
	2
	
	26
	6
	1
	7

	12
	11
	1
	
	27
	0
	0
	14

	13
	9
	2
	3
	28
	(1,5)
	(1,1)
	(5,1)

	14
	9
	1
	4
	-


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 [3]. To further reduce signalling overhead, a table consisting of several slot format patterns can be UE-specifically configured via RRC. Specifically, each slot pattern is used to indicate above defined slot format(s) for one or multiple slots. For the case(s) with multiple slots, the slot formats in one slot pattern can be the same or different. At each monitoring occasion, an index is carried by the ‘group-common PDCCH’ dynamically indicating the chosen slot pattern. 
Rel-15 specification may support a set of useful slot format configurations, including one and multiple switching points per slot. Group-common PDCCH carrying SFI can indicate one configuration from a set of configurations listed in a Table. The configurations listed in the Table can be taken from a larger set, if needed. Group-common PDCCH may not carry lot of bits and may not require bitmap, if only index of a configuration is notified. For example, group-common PDCCH has 5 bits payload and each combination of the 5 bits indicate an index of a configuration from a Table of supported configurations. 
Proposal 1: Consider slot formats listed in Table 1 as the starting point for SFI with one or multiple DL/UL switching points. 
Proposal 2: A table consisting of multiple slot format patterns is UE-specifically configured via RRC. Each pattern is used to indicate slot format(s) in Table 1 for one or multiple slots.

Proposal 3: Group-common PDCCH carrying SFI can indicate a slot-format configuration from a set of slot format configurations listed in a Table. Entries in the table include slot format configurations with one and two switching points.

· Beam related information

According to [5], 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’ carrying SFI can also 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 by ‘group-common PDCCH’.
Proposal 4: Beam related information can be transmitted together with SFI by ‘group-common PDCCH’.
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 [4]. 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 2

.
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 respectively ‘DL’, ‘UL’ and ‘unknown’.
	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
	DCI, similar as format 3/3A in LTE

	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 5: 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 Structure of group-common PDCCH
3.1 Channel structure(s) of Type A

For ‘group common PDCCH’, there are two possibilities of the channel structure:
· Option 1: Regular NR-PDCCH structure

· Option 2: Separately designed structure

Note that it was agreed that a CORESET is configured for UEs monitoring the ‘group common PDCCH’ and the ‘group common PDCCH’ follows the same CORESET configuration [4]. For simplicity, the ‘group common PDCCH’ should be based on Option 1, e.g., a regular NR-PDCCH structure. This is feasible to reduce the implementation complexity, especially in the cases of e.g., multiple component carriers/bandwidth parts/numerologies or beam-based transmission. 

Thus, the ‘group common PDCCH’ should obviously be transmitted in common search spaces with CRC scrambled by a configured common RNTI for a group of UEs. In order to avoid introducing additional blind decodes, the payload size of the DCI carried by ‘group common PDCCH’ should be the same with other common DCIs monitored by the UEs.
Although NR currently prioritizes the single active bandwidth part case, a forward compatible design for the structure of ‘group common PDCCH’ should be considered. A unified design for the cases of multiple component carriers/bandwidth parts/numerologies is thus preferred. Specifically, a UE can monitor the ‘group-common PDCCH’ within which multiple Y-tuples are configured where each Y-tuple is associated with a respective numerology or bandwidth part. DCI format 3/3A in LTE can be taken as a potential reference. 
Based on DCI format 3/3A, since up to 16 component carriers can be activated for one UE, having all SFIs for each component carrier signaled in one DCI will either increase the total payload size or reduce the configuration flexibility. As a result, it is probably to let one UE monitor more than one ‘group-common PDCCH’ at one instant. Furthermore, the NW can also configure the component carrier(s) for the UE.
Proposal 6: Consider DCI format 3/3A in LTE as a starting point of ‘group-common PDCCH’ structure.
3.2 Channel structure of Type B

It is clear to know Type B group common information is carried in DCI(s) which is (are) monitored in common search space and should be transmitted with NR-PDCCH. Besides some group common information specified in LTE will be kept in NR, other group common information, e.g. group ACK/NACK indication and/or numerology/bandwidth part related information can be introduced by using one or more DCI(s) transmitted with NR-PDCCH(s) in common search space.

4 UE behavior with/without 'group-common PDCCH'

4.1 UE behavior with ‘group-common PDCCH’
Generally, it is a gNB implementation issue to avoid SFI in ‘group-common PDCCH’ conflicting with DCI and semi-static configured periodic resource. However, at least due to the need from duplexing flexibility and the potential PDCCH decoding error, there can be multiple cases where SFI conflicts with DCI or pre-configured periodic signals.
4.1.1 SFI conflicts with semi-static configured periodic signal
Note that here SFI is received no earlier than the semi-static configured periodic signal. In this case, when SFI indicates conflicting information regarding the DL or UL transmission direction, the UE should follow the configuration of the ‘group-common PDCCH’. Specifically, the UE only operates semi-statically configured DL/UL transmission on the configured resource with the transmission direction(s) consistent with that (those) indicated by SFI. In addition, it is a UE implementation issue to decide how to monitor PDCCH if collision occurs on PDCCH resources.
Proposal 7: When a UE succeeds to decode a configured ‘group-common PDCCH’, it operates semi-statically configured DL/UL transmission on the configured resource with the transmission direction(s) consistent with that (those) indicated by SFI.
4.1.2 SFI conflicts with scheduling assignment/grant
As discussed above, unless specifically indicated the ‘unknown’ symbols should be considered as flexible resources. As a result, the scheduling assignment/grant should have a higher priority. In this case, when SFI conflicts with scheduling assignment/grant coming from the same or later slot, it can be overridden by the scheduling assignment/grant. This is because that the scheduling assignment/grant not only has more timeliness but also has a more precise scheduling granularity. Note that NR also supports cross-slot DL/UL scheduling assignment/grant. In this case, it is a gNB implementation issue to avoid confliction between SFI and cross-slot scheduling assignment/grant coming from a previous slot.
On the other hand, if the ‘unknown’ symbols are indicated as reserved resources, it should follow the definition of reserved resources. In another word, the scheduling assignment/grant cannot override the indicated resources no matter it comes before or after SFI. 
Proposal 8: Unless specifically indicated, when SFI conflicts with a scheduling assignment/grant, the scheduling assignment/grant takes the priority.
4.2 UE behavior without ‘group-common PDCCH’

There was 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’. Therefore, the following cases where UE behavior without ‘group-common PDCCH’ should be 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 which 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 resources are semi-statically configured unless are specifically changed by scheduling assignment/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 9: When a UE is not configured with ‘group-common PDCCH’, it follows default or semi-static 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. If the ‘group-common PDCCH’ fails to be received then the UE does not assume that the previous ‘group-common PDCCH’ is still valid, and in general cannot operate on unknown slot(s) unless a scheduling DCI is present on those slot(s). 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’, unless there is a scheduling DCI that indicates a consistent transmission direction.
Proposal 10: 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 (i.e. SRS) and DL measurement unless there is a scheduling DCI that indicates a consistent transmission direction.
5 Conclusion

Our proposals in this contribution are summarized as follows.
Proposal 1: Consider slot formats listed in Table 1 as the starting point for SFI with one or multiple DL/UL switching points.
Proposal 2: A table consisting of multiple slot format patterns is UE-specifically configured via RRC. Each pattern is used to indicate slot format(s) in Table 1 for one or multiple slots.

Proposal 3: Group-common PDCCH carrying SFI can indicate a slot-format configuration from a set of slot format configurations listed in a Table. Entries in the table include slot format configurations with one and two switching points.
Proposal 4: Beam related information can be transmitted together with SFI by ‘group-common PDCCH’.
Proposal 5: 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.
Proposal 6: Consider DCI format 3/3A in LTE as a starting point of ‘group-common PDCCH’ structure.

Proposal 7: When a UE succeeds to decode a configured ‘group-common PDCCH’, it operates semi-statically configured DL/UL transmission on the configured resource with the transmission direction(s) consistent with that (those) indicated by SFI.
Proposal 8: Unless specifically indicated, when SFI conflicts with a scheduling assignment/grant, the scheduling assignment/grant takes the priority.
Proposal 9: When a UE is not configured with ‘group-common PDCCH’, it follows default or semi-static configurations.
Proposal 10: 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 (i.e. SRS) and DL measurement unless there is a scheduling DCI that indicates a consistent transmission direction.
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