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Introduction
In RAN1 #89 Meeting [1], there were agreements about the group-common PDCCH: 
Agreements:
· The SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots
· The slot format related information informs the UEs of the number of slots and the slot format(s) related information of those slots
· FFS: how to interpret the SFI when the UE is configured with multiple bandwidth parts
· FFS: details for UE behaviour
· FFS: A UE may be configured to monitor for at most one group-common PDCCH carrying slot format related information (SFI) in a slot
Agreements:
· Regarding to the periodicity that included in the higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR, at least the following values are supported:
· [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms;
· Each periodicity is supported for particular SCS(s)/slot duration(s)
· FFS: details
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
In this document we discuss some of the open issues related to the group-common PDCCH including content, types, structure and the UE behaviour.
Content of group-common PDCCH  
The group-common PDCCH (as opposed to UE-specific PDCCH) is either broadcasted for all UEs or transmitted for a group of UEs within a cell or beam. Based on the previous agreements, so far only the Slot Format Indicator (SFI) is agreed to be carried on the group-common PDCCH. On the other side, the LTE legacy system supports transmission of system information, paging messages and power control commands to be transmitted to all or a group of UEs in the system in common PDCCH. It is still not decided whether group-common PDCCH defined in NR will also be used to carry the legacy common control messages.

In general, the group-common/common DCIs can be grouped based on their message size: 
· Light group-common DCI (i.e., small payload sizes)
· Extended group-common DCI (i.e., large payload sizes)

Based on the current agreements the message size for the light group-common DCI, which may carry SFI and possibly the pre-emption indication, is less than 10 bits (e.g. 2-6 bits) while for the Extended group-common DCI the message size could be tens of bits (e.g. 10-50 bits). In Table 1, we have listed some of the possible contents for light and extended group-common DCI. 

	Contents of Light GC DCI
	Contents of Extended GC DCI

	· SFI
· DL preemption indication for the previous slot
· DL Acknowledgment related to the UL data transmissions


	· Paging
· System Information
· Transmit Power Control (TPC) commands
· Group ID: information related to the beam over which a group of UEs are scheduled to receive information
· The starting position of PDSCH in the slot
· The end position of DL Control resource set in the slot
· UL Scheduling Request resource configuration
· Information about restricting UE-specific search space and doing blind decoding over only a subset of the UE-specific search space
· RBG size


Table 1. Example of contents for both Light and Extended group-common DCIs
Types of group-common PDCCH 
As for the structure of the group-common PDCCH there are two options. One approach is to use the same structure for transmitting both light and extended group-common DCIs. In this method, the unified group-common PDCCH can have a similar structure to the regular NR-PDCCH used for UE-specific DCIs. These includes the structure of REGs, REG bundles, CCEs, CCE aggregation (to map CCEs to the group-common PDCCH), channel coding and CRC. 
The second approach is to define two PDCCH structures where each PDCCH structure is optimized according to the corresponding DCI message size (i.e., Short or long): 
· Structure of PDCCH for Light group-common DCI

The PDCCH structure in this case could employ the same structure for REGs, REG bundles, CCEs and CCE aggregation. However, the group common PDCCH may apply a different channel coding and/or error detection scheme on the payload to be transmitted. In fact, for the light group-common DCI, using the traditional error detection (through CRC) might not be very efficient and other mechanisms for the error and false detection may need to be studied. 

· Structure of PDCCH for Extended group-common DCI
In this case, the NR-PDCCH defined for UE-specific DCI transmissions can be used to transmit the extended group-common DCI, which includes all the common DCIs which are not included in the light group-common DCI (e.g. paging and system information). 
The structure of extended group-common PDCCH may partially or entirely re-use the structure, resource mapping and transmission methods of NR-PDCCH, including REGs, REG bundles, CCEs, and even the channel coding and CRC. 
Proposal 1: NR should further study whether a common PDCCH structure can be used for both short and long DCI message sizes.
In terms of resource mapping, we believe the Group Common PDCCH should be transmitted in the first OFDM symbol of the slot to allow the UE to identify the slot configuration as early as possible. This approach may also reduce the number of blind decoding in the UE-specific search space in case the group common PDCCH carries the information regarding the DL control resource set duration.
UE procedure for group-common PDCCH
In the case of using the unified group-common PDCCH (i.e., both light and extended group-common PDCCH have the same structure as NR-PDCCH), the common search space can be used for monitoring and blind detection of the whole group-common PDCCH. The common search space may overlap with some UE-specific search spaces similar to LTE. In this scenario, the UE may perform multiple blind decoding on each PDCCH candidate corresponding to multiple DCI formats, where each DCI format of potentially different payload size corresponds to short or long common control messages. A DCI format corresponding to the light group-common PDCCH (e.g., Short-GC-DCI) may carry a much smaller message size while a DCI format corresponding to the extended group-common PDCCH (e.g., Long-GC-DCI) may carry a much larger message size. According to the above described approach the UE at least has to perform two blind decoding attempts for each PDCCH candidate in the common search space.
In the case of using different structures for transmitting light and extended group-common DCIs, their structure and their corresponding search spaces will be different. As long as the PDCCH used for transmitting the extended group-common DCI has a similar structure as the NR-PDCCH, the common search space can overlap with the UE-specific search spaces. However, the light group-common PDCCH should have a separate search space, not overlapping with the UE-specific search spaces. 
Also, the rate of monitoring may be different for the light and the extended group-common DCI. For example, the monitoring rate for the light group-common DCI carrying the SFI only could be once in several slots while the monitoring rate for the extended group-common PDCCH could be every slot similar to the LTE.
Proposal 2: The monitoring rate for group-common PDCCH is configureable and could be different for different DCIs.  
Conclusion
This contribution discussed different issues related to the group-common PDCCH, including content, possible types, structure and the UE behaviour. We made the following proposals.
Proposal 1: NR should further study whether a common PDCCH structure can be used for both short and long DCI message sizes.
Proposal 2: The monitoring rate for the group-common PDCCH is configureable and could be different for different DCIs.  

References
[1]	RAN1#89 Chairman’s Notes, Hangzhou, P.R. China 15th – 19th May 2017
	3/3	
