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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 R1-1716200 based on the offline discussions in 3GPP RAN1 AH#3 meeting.


2. Payload size and coding scheme
In the offline discussion for the physical channel structure of GC-PDCCH, there are two options:

· Option 1: Always add CRC and use Polar code like a normal PDCCH
· Option 2: Configurable payload size and CRC or coding scheme depends on the configured payload size
· If payload size is small (<= 11 bits), no CRC, using RM
· If payload size is larger (>11 bits), add CRC, using Polar
In the following, we discuss these two options.
·  Option 1: 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 or [16]). 
· Option 2: In this option, the channel structure is LTE PCFICH-like design when payload size is small (<= 11 bits). In this case, a physical channel with fixed resources tied to the cell ID or some other ID is defined for the GC PDCCH. Similar to LTE the CCEs taken by NR PDCCHs are also from the remaining resources after taking out resources for GC PDCCH(s). If the GC PDCCH is not transmitted, the resources are still reserved for GC PDCCH and leads to a waste of the resources. Moreover, when an UE is configured with GC PDCCH, the GC PDCCH may or may not be transmitted and the false alarm problem needs to be studied.

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.
· The CORESET for GC-PDCCH is located in the first N OFDM symbols, where N = 1, 2, or 3.

· The number of candidate is one or two.
· The location of candidate(s) should be fixed with a fixed aggregation level.


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.


4. UE behavior when a configured GC-PDCCH carrying dynamic SFI is not detected (erasure event)
In the case that UE is configured with GC PDCCH but GC PDCCH is not detected, only the 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 “unknown” resources. Therefore, UE can only performs
· Monitoring PDCCH(s)
· RRM measurement or periodic CSI measurement/reporting only if the pre-configured periodic signal (CSI-RS, SS block, SRS) and CSI reporting resource are consistent with the direction indicated by UE-specific PDCCHs.
Proposal 4: When GC PDCCH is configured to an UE but it is not detected by the UE, UE treat this erasure as a dynamic SFI miss detection.


5. Overwriting rules
In this section, we provide our views on the conflicting cases between semi-static signaling, RRM measurement/periodic CSI measurement/reporting, SFI, and UE-specific PDCCH.
· For  the states from semi-static DL/UL assignment
In this case, only the “unknown” resources can be overwritten by SFI or UE-specific PDCCH.
· For the states from measurement in symbols not under DL/UL from semi-static DL/UL assignment:

· Priority between semi-static signaling and measurement
In this case, measurement have higher priority than the “unknown” resources in the semi-static signaling.
· Priority between measurement SFI/UE-specific data
In this case, SFI and UE-specific PDCCH have higher priority than measurement. {“DL”, “UL”, “unknown”} in SFI and {“DL”, “UL”} in UE-specific PDCCH can be used to cancel the periodic measurement or reporting.
· For the states in dynamic SFI and UE-specific data in symbols not under DL/UL from semi-static DL/UL assignment

· For a given slot n, when the direction indicated by SFI is not consistent with the direction indicated by UE-specific PDCCH,
· If SFI and UE-specific PDCCH are received in the same slot, UE follow UE-specific PDCCH.
· If SFI and UE-specific PDCCH are received in different slot, UE follows the newest one.
Therefore, we have
Proposal 5: When the conflict happens, following priority rules are used
· UE specific PDCCH > Measurements/reporting > semi-static DL/UL assignment
· SFI > Measurements/reporting > semi-static DL/UL assignment
· SFI > UE-specific PDCCH only if SFI is the newest one; otherwise UE-specific PDCCH > SFI.


6. Semi-static DL/UL assignment and dynamic SFI
In the offline discussion of RAN1 NR#3 meeting, the following operation modes are considered.
· Semi-static DL/UL assignment without dynamic SFI
· Dynamic SFI without semi-static DL/UL assignment
· Semi-static DL/UL assignment with dynamic SFI 
· No semi-static DL/UL assignment and no dynamic SFI
· All transmission direction via DCI and/or configured periodic DL/UL signals
In our view, the use cases for the second and fourth options needs to be further justified. In NR, at least the first and the thied cases are supported.

Proposal 6: NR supports at least the following two cases.

· Semi-static DL/UL assignment without dynamic SFI

· Semi-static DL/UL assignment with dynamic SFI 



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.
· The CORESET for GC-PDCCH is located in the first N OFDM symbols, where N = 1, 2, or 3.

· The number of candidate is one or two.
· The location of candidate(s) should be fixed with a fixed aggregation level.
Proposal 3. The contents of group common PDCCH contain at least number of scheduled slots, offset, SFI configurations, numerology, and reserved bits.
Proposal 4: When GC PDCCH is configured to an UE but it is not detected by the UE, UE treat this erasure as a dynamic SFI miss detection.
Proposal 5: When the conflict happens, following priority rules are used
· UE specific PDCCH > Measurements/reporting > semi-static DL/UL assignment
· SFI > Measurements/reporting > semi-static DL/UL assignment
· SFI > UE-specific PDCCH only if SFI is the newest one; otherwise UE-specific PDCCH > SFI.
Proposal 6: NR supports at least the following two cases.

· Semi-static DL/UL assignment without dynamic SFI

· Semi-static DL/UL assignment with dynamic SFI 
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