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1. Introduction

In this contribution, we discuss the design for GC PDCCH including physical structure, contents, and UE behavior. This contribution is revised from R1-1713678, R1-1713679, and R1-1713680.


2. Physical channel design 

In the NR discussion, there are two choices for the group common PDCCH.
· LTE PCFICH-like design: In this option a physical channel with fixed resources tied to the cell ID or some other ID is defined for the GC PDCCH. As the GC PDCCH designed so does not contend for the resources in the common search space with other PDCCHs, it does not contribute directly to the PDCCH blocking issue. The design of the GC PDCCH is decoupled with other PDCCHs. Similar to LTE the NR CCEs taken by PDCCHs are also from the remaining resources after taking out resources for GC PDCCH(s). However, there are two concerns for the PCFICH-like design.
· Waste of resources

If the GC PDCCH is not transmitted, the resources are still reserved for GC PDCCH. This leads to a waste of the resources.

· False alarm problem
When an UE is configured with GC PDCCH, the GC PDCCH may or may not be transmitted. In this case, the false alarm problem needs to be studied.

·  NR PDCCH design: in this option GC PDCCH share the same design as NR PDCCH.
· CRC of GC PDCCH

i. The GC PDCCH can have the same size as some other PDCCHs. To differentiate between the GC PDCCH and other PDCCHs, a group RNTI can be associated with the GC PDCCH. All the group RNTIs can be specified in the specification, and a UE can derive the group RNTI through a mapping between a group ID and a group RNTI. The group RNTI can be used to derive a mask for PDCCH CRC checking so the blind detection effort is not much increased if a UE needs to decode the GC PDCCH. 
· Search space of GC PDCCH
i. GC PDCCH is transmitted in common or group common search space in an additional CORESET. In mmWave, GC-PDCCH is transmitted in the beam direction associated to CSI-RS that is obtained from beam management. 
ii. In the case the GC PDCCH is present, it is preferred the number of candidate locations for the GC PDCCH is more limited than that for other PDCCHs, which allows a UE to search first for the GC PDCCH and make use of the conveyed slot related. In one example, we can consider to place the GC PDCCH at the first candidate location at an aggregation level when present. 
iii. To achieve a higher robustness, GC PDCCH should be supported at higher aggregation levels only (i.e., 4, 8 and [16]). 
Given that it is possible new fields can be introduced from one release to another, a GC PDCCH design following the NR PDCCH design seems to be more future-proof than that following PCFICH-like design. From the above discussions, we have 
Proposal 1: The GC PDCCH design follows the NR PDCCH design with CRC. 
Proposal 2: GC PDCCH is transmitted in common or group common search space in an additional CORESET. 


3. Contents of group common PDCCH
From the agreements in 3GPP RAN1 #89 meeting, the SFI support multiple slot scheduling. In addition, since SFI configuration contains the UL only slot, SFI may need to support cross-slot scheduling. Therefore, we propose the contents of group common PDCCH contains at least
· Number of scheduled slots: This field indicate the number of slots scheduled by this GC-PDCCH. SFI in the scheduled slots can be the same or different.
· Offset: This field indicate the offset between the slot in which the GC PDCCH is received and the first slot in which SFI configurations are applied.
· SFI configurations: The SFI configuration can be for one or multiple slots. In addition, to support carrier aggregation, the SFI configuration can be configured for multiple carriers. For multiple slots/carrier scheduling, either one configuration is applied for multiple slots/carriers or individual configuration is applied for each slot/carrier.
· Numerology: This indicates the numerology of SFI. The numerology of SFI and the scheduled bandwidth part can be either the same or different.
· Reserved bits: This is for future usages.
Proposal 3. The contents of group common PDCCH contain at least number of scheduled slots, offset, SFI configurations, numerology, and reserved bits.
3.1 SFI designs

When UE is in RRC_CONNECTED state, it receives the semi-static assignment of DL/UL transmission direction from the higher layer RRC signaling. The semi-static assignment contains periodicity, a subset of fixed DL transmission, and a subset of fixed UL transmission. Resources which do not belong to fixed DL or fixed UL are flexible resources. SFI carried in GC PDCCH can be used to assign the direction of DL/UL transmission of the flexible resources for one slot or multiple slots.

From the working assumption made in RAN1#90 meeting, for the resources indicated as “Reserved” from RRC signaling, UE cannot make any assumption on the transmission direction and just does nothing. The resource indicated as “Reserved” cannot be overridden by DCI/SFI. 
Working assumption: 
·  ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.

· ‘Unknown’ is signalled 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 signalled 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.

From the agreements made in RAN1#89 and NR AH2 meeting, SFI contains at least “DL”, “UL”, and “unknown”. For the “Unknown” resources, UE cannot make any assumptions on the transmission direction and just does nothing. The “Unknown” indication can be used for forward compatibility. The resources indicated as “Unknown” can be overridden by DCI. This means “Unknown” can be dynamically overridden by DCI to perform HARQ ACK/NACK feedback, RRM measurement, and periodic CSI measurement/reporting. As a result, the DCI for overriding “Unknown” should satisfy the timing constraint of UE processing time, e.g., HARQ ACK/NACK timing, CSI reporting timing, and UL scheduling timing.
Proposal 4. The DCI for overriding “Unknown” should satisfy the timing constraint of UE processing time, e.g., HARQ ACK/NACK timing and UL scheduling timing.
Agreements:
· 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
Agreements:
· In ‘Slot format related information’, ‘Empty’ is not indicated explicitly.

· Note: RAN1 specification ensures that UE(s) is/are aware of which resources can be for ‘gap for DL-UL switching’ and/or ‘gap’

· Note: RAN1 specification ensures that UE(s) is/are aware of which resources are for ‘CSI/interference measurement’.
The SFI configuration can be signaled to UE using a way similar to the special subframe configuration in LTE. Each SFI configuration indicates the usage of the resources. Table 1 shows an example of SFI configuration for a 14 symbol slot. The SFI configuration are divided into 5 parts as shown below. In the table, X is the number of DL symbol counted from the first symbol in the slot. Y is the number of UL symbol located at the end of the slot. 

· DL centric slot In this case, the slot is of the form [X DL symbols, gap, Y UL symbols]. The DL part contain both DL control and DL data. The UL part is only used for UL control. Since it is a DL centric slot, short PUCCH of length 1 or 2 OFDM symbols is assumed for the UL control. To support the initial partial slot for the unlicensed band operation, the DL part can start from the 7th OFDM symbol.
· DL only slot In this case, the slot is of the form [X DL symbols, no DL/UL transmissions]. The DL part contain both DL control and DL data. To support the ending partial slot for the unlicensed band operation, the value of X may range from 1 to 14 OFDM symbols. To support the initial partial slot for the unlicensed band operation, the DL part can start from the 7th OFDM symbol.
· UL centric slot In this case, the slot is of the form [X DL symbols, gap, Y UL symbols]. The DL part contain only DL control. The UL part contains both UL data and UL control. The length of a CORESET in time domain is either 1, 2, or 3. To support the initial partial slot for the unlicensed band operation, the DL part can start from the 7th OFDM symbol.
· UL only slot In this case, the slot is of the form [Y UL symbols]. To support the unlicensed band operation, the UL can start at 0th or 1st OFDM symbol and end at 12th or 13th OFDM symbol.
· Slot with Unknown symbols In this case, all symbols are unknown except DL control or UL short control. There are 4 types of formats.
· [DL control, unknown, UL control] 
Since the length of a CORESET is 1-3 symbols and the length of short PUCCH is 1-2 OFDM symbols, there are 6 combinations.
· [DL control, unknown]

Since the length of a CORESET is 1-3 symbols, there are 3 combinations.
· [unknown, UL control]

Since the length of short PUCCH is 1-2 OFDM symbols and the UL can start at 0th or 1st OFDM symbol and end at 12th or 13th OFDM symbol, there are 8 combinations.
· [All unknowns]

In this case, all OFDM symbols in the slot is unknown.

	Slot type 
	# of combinations
	X ( # of DL symbols)
	Y ( # of UL symbols)

	DL centric
	4
	12
	1

	
	
	11
	2

	
	
	5 (starts from 7th symbol)
	1

	
	
	4 (starts from 7th symbol)
	2

	DL only
	21
	1-14
	0

	
	
	1-7 (starts from 7th symbol)
	0

	UL centric
	6
	1
	12

	
	
	2
	11

	
	
	3
	10

	
	
	1 (starts from 7th symbol)
	5

	
	
	2 (starts from 7th symbol)
	4

	
	
	3 (starts from 7th symbol)
	3

	UL only
	4
	0
	12, 13, 14 (0-13, 0-12, 1-13, 1-12)

	Unknown
	18
	All symbols are unknown except DL control or UL short control


Table 1 SFI configuration for a 14-symbol slot
From the above discussion, totally there are 53 combinations. Thus 6 bits can be used for SFI for a given slot. 
Proposal 5. At least for DL centric slot, UL symbols for short PUCCH transmission is considered.


4. Fallback mechanism for GC PDCCH

In the case that UE is configured with GC PDCCH but GC PDCCH is not detected, only the “Reserved” resources (fixed DL or fixed UL resource) are known by the UE. UE cannot make any assumption on the direction of DL/UL transmission of the flexible resources. Therefore, UE can only performs
· Monitoring PDCCH(s)
· RRM measurement or periodic CSI measurement/reporting only if  pre-configured periodic signal (CSI-RS, SS block, SRS) and CSI reporting resource is consistent with the direction of PDCCHs and the fixed DL/UL transmissions.
Proposal 6: When GC PDCCH is configured to an UE but it is not detected by the UE, UE performs

· Monitoring PDCCH(s)
· RRM measurement or periodic CSI measurement/reporting only if pre-configured periodic signal (CSI-RS, SS block, SRS) and CSI reporting resource is consistent with the direction of PDCCHs and the fixed DL/UL transmissions.


5. Conflict handling

In this section we discuss the case when the DL/UL transmission direction indicated by GC PDCCH conflicts the direction indicated by PDCCH(s) or the semi-static assignment from higher layer. Assuming a UE is configured with  GC PDCCH and GC PDCCH is detected,
· For a given slot n, when the direction indicated by SFI is not consistent with the direction indicated by PDCCH(s), 
· If SFI and PDCCH(s) are received in the same slot, UE consider it is an error case.
· If SFI and PDCCH(s) are received in different slot, UE follows the newest one.

· If the direction indicated by SFI is not consistent with the fixed DL/UL resources or “Reserved” resources configured by semi-static signaling, UE consider it is an error case.

· If the direction indicated by SFI is not consistent with the direction indicated by the pre-configured periodic signal (CSI-RS, SS block, SRS) and CSI reporting resource, UE follows the direction of SFI.
Proposal 7: When a UE is configured with  GC PDCCH and GC PDCCH is detected,
· For a given slot n, when the direction indicated by SFI is not consistent with the direction indicated by PDCCH(s), 

· If SFI and PDCCH(s) are received in the same slot, UE consider it is an error case.

· If SFI and PDCCH(s) are received in different slot, UE follows the latest one.

· If the direction indicated by SFI is not consistent with the fixed DL/UL resources or “Reserved” resources configured by semi-static signaling, UE consider it is an error case.

· If the direction indicated by SFI is not consistent with the direction indicated by the pre-configured periodic signal (CSI-RS, SS block, SRS) and CSI reporting resource, UE follows the direction of SFI.


6. Other aspects

For carrier aggregation (CA), SFI is required on each serving cell However, transmitting GC-PDCCH on each serving cell would lead to large control overhead and higher complexity for blind detection. To solve these two problems, we propose the concept of SFI cell. The SFI cell is configured by higher layer signaling and it is responsible for transmitting GC-PDCCH carrying SFI. The SFI carried in it is not only for this SFI cell but also for other serving cells. The SFIs for its own cell and other serving cells can be the same or different. An UE can be configured multiple SFI cells. 

Proposal 8. For carrier aggregation, SFI is not required to be transmitted on each serving cell for reducing the control overhead and complexity for blind detection.
For a carrier, wherein GC PDCCH transmission is configured, each configured bandwidth part contains an additional CORESET for the UE to monitor group common PDCCH. The CORESET configuration is signaled from RRC (e.g., RRC connection setup, RRC connection reconfiguration, or RRC connection re-establishment). When the bandwidth part carrying GC-PDCCH is changed, then UE follows the latest SFI, which may be signaled from the previous bandwidth part or the current bandwidth part.
Proposal 9. For the carrier wherein GC PDCCH transmission is configured, each configured bandwidth part contains a CORESET for group common PDCCH. 

Proposal 10. UE always follows the latest SFI, which may be signaled from the same or different bandwidth part.


7. Conclusion

In this contribution, we provide our considerations on NR GC PDCCH design. We have

Proposal 1: The GC PDCCH design follows the NR PDCCH design with CRC. 
Proposal 2: GC PDCCH is transmitted in common or group common search space in an additional CORESET. 
Proposal 3. The contents of group common PDCCH contain at least number of scheduled slots, offset, SFI configurations, numerology, and reserved bits.
Proposal 4. The DCI for overriding “Unknown” should satisfy the timing constraint of UE processing time, e.g., HARQ ACK/NACK timing and UL scheduling timing.
Proposal 5. At least for DL centric slot, UL symbols for short PUCCH transmission is considered.
Proposal 6: When GC PDCCH is configured to an UE but it is not detected by the UE, UE performs

· Monitoring PDCCH(s)
· RRM measurement or periodic CSI measurement/reporting only if pre-configured periodic signal (CSI-RS, SS block, SRS) and CSI reporting resource is consistent with the direction of PDCCHs and the fixed DL/UL transmissions.
Proposal 7: When a UE is configured with  GC PDCCH and GC PDCCH is detected,
· For a given slot n, when the direction indicated by SFI is not consistent with the direction indicated by PDCCH(s), 

· If SFI and PDCCH(s) are received in the same slot, UE consider it is an error case.

· If SFI and PDCCH(s) are received in different slot, UE follows the latest one.

· If the direction indicated by SFI is not consistent with the fixed DL/UL resources or “Reserved” resources configured by semi-static signaling, UE consider it is an error case.

· If the direction indicated by SFI is not consistent with the direction indicated by the pre-configured periodic signal (CSI-RS, SS block, SRS) and CSI reporting resource, UE follows the direction of SFI.
Proposal 8. For carrier aggregation, SFI is not required to be transmitted on each serving cell for reducing the control overhead and complexity for blind detection.
Proposal 9. For the carrier wherein GC PDCCH transmission is configured, each configured bandwidth part contains a CORESET for group common PDCCH. 

Proposal 10. UE always follows the latest SFI, which may be signaled from the same or different bandwidth part.
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