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1. Introduction

Based on the NR discussions, there are two types of group control information. One is the “group common DCI”, which is NR-PDCCH in [group] common search space for carries some group control information. In 3GPP NR AH2 meeting, it was agreed that the group common DCI contains at least downlink preemption indication.
Agreements:
· For downlink preemption indication

· It is transmitted using a group common DCI in PDCCH

· FFS: This group common DCI is transmitted separately from SFI

· Whether a UE needs to monitor preemption indication is configured by RRC signaling

· The granularity of preemption indication in time domain can be configured 

· Details of granularity are FFS
The other is the “group common PDCCH”, which is used to carrying at least slot format related information. In this paper, we discuss the design on the structure of group common PDCCH (GC PDCCH).   



2. On the number of group common PDCCHs
Since UEs which are served by one serving cell may be divided into several groups according to spatial domain, beam direction, and frequency domain, it is reasonable to allow transmitting multiple GC PDCCHs in one cell. From UE’s perspective, it is also possible for an UE to receive multiple GC PDCCHs. For example, for wider bandwidth operation an UE may need to perform RRM measurement in all the configured bandwidth parts. By transmitting multiple GC PDCCH, the UE can turn off RRM/CSI measurement over some configured bandwidth parts wherein the transmission direction were changed to UL transmission, and thus power saving is achieved. In another example, suppose the UE is configured with multiple bandwidth parts and two configured bandwidth parts are activated. Since the slot related information of the two activated bandwidth parts may be different, two GC PDCCH may be signaled to the UE.
Therefore, we have
Proposal 1: One cell can transmit multiple GC-PDCCHs and an UE can be configured with multiple GC-PDCCHs.


3. Physical channel design for group common PDCCH

In this section, we consider two design choices for the GC PDCCH.
1. 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. This approach has pros and cons as follows:

a. Pros:

i. 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. Even though the resource set aside for the GC PDCCH also consumes resources.

ii. The design of the GC PDCCH is decoupled with other PDCCHs. To avoid persistent collision among GC PDCCHs at different control beams, it may be necessary to randomize the resources taken by each GC PDCCH at the each control beam. The randomization can be realized through tying the resources for GC PDCCH to Cell ID or a similar ID. Similar to the situation in LTE where CCEs taken by PDCCH are from the remaining CCEs after taking out CCEs for PCFICH/PHICH, then in NR the NR CCEs taken by PDCCHs are also from the remaining CCEs after taking out CCEs for GC PDCCH(s). 
b. Cons:

i. If the GC PDCCH is not always transmitted, either the resources set aside for the GC PDCCH are wasted when it is not present and the resources it would take are still reserved; or in the case the resources are used for other purposes when the GC PDCCH is not present e.g. transmission for other PDCCHs, blind detection for other PDCCHs can become complicated, as a UE needs to test whether the GC PDCCH is present or not to derive the resource definition for other PDCCHs.

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

i. The GC PDCCH can have the same size as some other PDCCHs, e.g. PDCCHs for  compact downlink or uplink scheduling, downlink assignment, uplink grant, etc. To differentiate between the GC PDCCH and other PDCCHs, a group RNTI (
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) can be associated with the GC PDCCH.  For example, the group RNTI, paging RNTI, system information RNTI all consist of 16 bits. Assume the encoding chain shown in Figure 1 is followed, then the CRC mask can be used to differentiate different DCIs as in LTE.
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Figure 1 RNTI masking
ii. The group RNTI can be configured for a UE; alternatively 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 ID can be configured for a UE or it can be derived from the UE ID through a hash function). There may be some benefits to specify the group RNTIs in the specification: in the case a sniffer (e.g. a UE or gNB from another cell) needs to blindly detect a GC PDCCH, the detection effort can be minimized. However, even if the group RNTI taking a value from a whole range is configured for a UE, inter-gNB communication can be used to provide information about the group RNTIs from one cell to another so the detection effort at a sniffer is reduced. The group RNTI can be used to derive a mask for PDCCH CRC checking as shown in Figure 1 so the blind detection effort is not much increased if a UE needs to decode the GC PDCCH. 

b. Search space of GC PDCCH
i. GC PDCCH is transmitted in group common search space located additional CORESET. In mmWave, GC-PDCCH is transmitted in the beam direction associated to CSI-RS that is obtained from beam management. The Aggregation level used for GC-PDCCH may 4, 8 and [16]. When UE goes into RRC_CONNECTED state, gNB can configure an additional CORESET, which contains group common search space or common search space, to UE by higher layer RRC signaling.
ii. In the case the GC PDCCH is present, especially if it bears information concerning the current slot (e.g. Duration of control resource set or size of blank resource/gap), 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 information (e.g. if a UE finds in the current slot only one symbol is used for control, then it can skip blind detection over the second symbol with potential PDCCH transmissions). In one example, we can consider to place the GC PDCCH at the first candidate location at an aggregation level when present. To further reduce the latency for GC PDCCH decoding, GC PDCCH should be supported at higher aggregation levels only. Restricting the aggregation levels and candidate positions for the GC PDCCH also has the benefits for a sniffer, either a gNB or a UE from another cell, the effort to extract information from the GC PDCCH is alleviated. 
c. 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 examination on GC PDCCH design choices, we have 

Proposal 2: The GC PDCCH design follows the NR PDCCH design with CRC. A UE can be configured with a group common RNTI through RRC signaling.

Proposal 3: GC PDCCH is transmitted in group common search space in additional CORESET. 

Proposal 4: The GC PDCCH design has the following features:

· Required effort for blind detection of the GC PDCCH should be minimized to facilitate receiver processing and early use of the signaled information.

· Full collision among GC PDCCHs from one cell should be avoided. 



4. Conclusion

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

Proposal 1: One cell can transmit multiple GC-PDCCHs and an UE can be configured with multiple GC-PDCCHs.

Proposal 2: The GC PDCCH design follows the NR PDCCH design with CRC. A UE can be configured with a group common RNTI through RRC signaling.
Proposal 3: GC PDCCH is transmitted in group common search space in additional CORESET. 
Proposal 4: The GC PDCCH design has the following features:

· Required effort for blind detection of the GC PDCCH should be minimized to facilitate receiver processing and early use of the signaled information.

· Full collision among GC PDCCHs from one cell should be avoided. 
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