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1 Introduction
The group common PDCCH related aspects for new radio (NR) have been discussed in the previous RAN1 meetings. Following agreements were achieved during RAN1 NR Ad Hoc [1]:
Agreements:
· 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 signalling the UE whether to decode the ‘group common PDCCH’ or not

· Common does not necessarily imply common per cell.

· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD
· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.
Agreements:
· The staring position of downlink data in a slot can be explicitly and dynamically indicated to the UE.

· FFS: signalled in the UE-specific DCI and/or a ‘group-common PDCCH’

· FFS: how and with what granularity the unused control resource set(s) can be used for data

Agreements:
· 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 signalled 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 signalled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings

· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot

· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not

Agreements:
· ‘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

· FFS: if ‘other’ can be subdivided into ‘blank’, ‘sidelink’, etc

· 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.
In this contribution, some details of designs on the group common PDCCH are further discussed, including occupied resources and UE’s behaviour.
2 Discussion
As we know in LTE, PCFICH is used to indicate the duration of the downlink control channel. PCFICH is transmitted in the first OFDM symbol in a subframe and is transmitted only in the subframes which contain symbols allocated to PDCCH and span all the bandwidth. In NR, It is not needed to design PCFICH-like control channels, because the duration of the downlink control channel can be indicated on the group common PDCCH or UE-specific PDCCH. Some features of PCFICH can be used to design the group common PDCCH.
The group common PDCCH can convey slot format related information from the UE, where the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’, and ‘other’, respectively. As discussed in previous meetings, at least 4 slot types are needed to be indicated in NR, including downlink-only, uplink-only, downlink-dominant and uplink-dominant. Therefore, at least 2 bits can be used to indicate the slot types for each slot.

According to the discussion on the control resource set in NR, the DCI message in a single OFDM symbol is already supported in NR. Therefore the group common PDCCH would be further considered to be located in the first symbol of the common control resource set. The case that the group common PDCCH spans multiple OFDM symbols rather than one symbol may increase the processing time for PDCCH decoding, as a result, PDCCH would not span over multiple OFDM symbols, especially for the URLLC scenario.
After that the above, if the group common PDCCH is transmitted on the first OFDM symbol of a slot, non-scheduled UEs can maximize the power saving by means of longer micro-sleep or fewer decoding operations.
Proposal 1: The group common PDCCH should be transmitted on the first OFDM symbol. 
As we know on PCFICH in LTE, the information of control resource duration is encoded into 32 bits. The encoded bits are then modulated to 16 complex-valued symbols by using QPSK modulation. The modulated symbols are divided into 4 quadruplets for the resource mapping and transmitted via the transmit antennas for control resource set transmission. There are similar transmit schemes which can be used to design the group common PDCCH. However, the function of the group common PDCCH is different from PCFICH. A new resource mapping scheme should be adopted, e.g. mapping to the certain configured control resource set.
The group common PDCCH which is used to indicate slot format related information is different from other PDCCHs. Therefore, considering complexity and performance, it can be mapped to the control resource set which is preconfigured by gNB. If a UE is configured to monitor the group common PDCCH, it can decode the group common PDCCH on the preconfigured control resource set. Such method can reduce the UE detecting complexity and improve the transmission robustness with overhead reduction to improve the system spectral efficiency.
On the other hand, all the UEs with different capabilities in the group would be configured to monitor the group common PDCCH. Therefore, different UE capabilities should be taken into account in the resource mapping schemes for the group common PDCCH. That means, there will be different bandwidth in NR, such as 40MHz and 80MHz. However, as some UEs can support the lager bandwidths, this results a requirement that the group common PDCCH is no longer mapped across the whole downlink system bandwidth. For example, if 5 MHz or 20 MHz are assumed as the maximum bandwidth for the initial access, the group common PDCCH is preferred not to span over a bandwidth larger than 5 MHz or 20 MHz.
Proposal 2: The group common PDCCH should be mapped to the control resource set preconfigured by gNB

When a UE is configured to monitor the group common PDCCH, and at the same time configured to transmit or receive periodic signalling, such as CSI-RS or SRS, the UE needs to know the slot structure for current slots and slots in future where such transmissions or receptions occur. The same can be applied for actions of other UEs, such as e.g. for grant-free transmissions, or multi-slot PDSCH receptions, or multi-slot PUSCH/PUCCH transmissions.
When a UE transmits scheduled channels, such as PDSCH/PUSCH/PUCCH, or periodic or semi-persistent configured signals (CSI-RS/CSI-IM/SRS, etc), it should be known that the slot structure for the current and future slots. So the UE should be preconfigured with the transmission direction at respective periodicities (implying semi-static UL/DL configuration) by the network. When the UE is not configured to monitor the group common PDCCH, it can use the configured transmission direction to perform the reception or transmission. After that, if the UE is configured to monitor the group common PDCCH, it must to determine the transmission direction by means of decoding the group common PDCCH. If the UE doesn’t detect the group common PDCCH or detects incorrectly, any signals should not be transmitted or received, including the periodic or semi-persistent signals. The same can be applied for the grant-free transmissions in addition to the available frequency resources. In that case, a network can also configure the available time resources. Both options have merits, because the former allows a network to operate without UE-group common PDCCH and the latter allows fully dynamic network operation without semi-static UL/DL configurations. Based on above reasons, the UE behaviour can be configurable by the network.
Proposal 3: A UE is configured to determine a slot format whether based on pre-configuration or based on the group common PDCCH. 

3 Conclusions
This contribution summarizes our views on URLLC design for NR. The following proposals are made:
Proposal 1: The group common PDCCH should be transmitted on the first OFDM symbol
Proposal 2: The group common PDCCH should be mapped to the control resource set preconfigured by gNB
Proposal 3: A UE is configured to determine a slot format whether based on pre-configuration or based on the group common PDCCH.
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