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1. Introduction

In 3GPP RAN1#88bis and RAN1#89 meeting, following agreements related to slot format related information (SFI) in group common (GC) PDCCH were made.

Agreements:
· From UE signaling perspective,
· The higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR can achieve at least the followings
· A periodicity where the configuration applies; 
· FFS: Detailed periodicity set; 
· FFS: how to achieve the signaling of periodicity

· A subset of resources with fixed DL transmission;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
· A subset of resources with fixed UL transmission;
· Resources with fixed UL transmission happens in the ending part of the periodicity is supported;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
· FFS: Other resources not indicated as “fixed UL” or “fixed DL” or “reserved/blank” can be considered as “flexible resource”, where transmission direction can be changed dynamically.
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:
· 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 paper, we provide our views on the contents of group common PDCCH (GC PDCCH).   


2. Contents of group common PDCCH
From the discussions on NR GC PDCCH, we can identify the following use cases for the NR group common (GC) PDCCH:

1. Indication of slot format related information (SFI)
a. If a slot is to be used for UL, then non-scheduled UEs can turn off  blind detection for PDCCH and RRM/CSI measurement over that slot. Thus power saving can be achieved. 

b. In dynamic TDD, if a similar paradigm as in eIMTA is followed, the CSI measurement behavior can be different for a fixed DL slot (or lightly interfered slot) and a flexible slot (or a heavily interfered slot); and also UL power control can be separately configured for a fixed UL slot or a flexible slot. 

2. Indication of puncture information for URLLC 
The group common PDCCH can be used to indicate the puncture information for URLLC data of the previous slot for an eMBB UE. 
3. Indication of PDCCH resource allocation 
In NR, the resources which are not occupied by PDCCH can be shared for data transmission. GC PDCCH can be used to signal the information of resource sharing between PDCCH and PDSCH.
The contents of GC PDCCH are configurable according to the use cases. In each slot, the UE decodes PDCCH(s) and GC PDCCH if GC PDCCH is configured. Therefore, we have

Proposal 1: In addition to slot format related information (SFI), following information can be signaled in group common PDCCH.

· Puncture information 

· Resource allocation of all PDCCHs
Proposal 2: The contents in group common PDCCH are configurable.
2.1 Slot type configuration
When initial access procedure is complete, each UE 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. GC PDCCH can be used to assign the direction of DL/UL transmission of the flexible resources for one slot or multiple slots. By GC PDCCH, the flexible resources can be assigned as ‘”DL”, “UL’, “Unknown” or “Empty”. 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. In the “Empty” resources, no physical signal is transmitted and thus it can be used for interference measurement and unlicensed band operation. 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 flexible resources. For example one configuration can be [D, D, D, D, D, D, D, D, D, D, D, gap, U, U], which presents a DL centric slot. A configuration presenting a slot with unknown symbols can be [D, D, D, D, D, D, Unknown, Unknown, Unknown, Unknown, Unknown, gap, U, U], which. Another configuration can be [Empty], which presents a full empty slot.

Proposal 3: SFI configuration consists of predefined patterns containing DL resources, UL resources, empty resources and unknown resources in granularity of OFDM symbol.
2.2 Puncture information for URLLC 
The indication of puncture information is used when the resources are occupied by URLLC signals. With this indication the UE can correctly puncture URLLC data to decode its own data. The indication sent in slot n indicates the puncture information in slot n-1. 
If the GC PDCCH is configured by high layer signaling and the contents of GC PDCCH contain “puncture information”, in slot n-1 the UE performs

· PDCCH(s) decoding

· GC PDCCH decoding to get SFI and PDCCH resource allocation for slot n-1 

The data of slot n-1 is buffered until the procedure of detecting GC PDCCH in slot n is complete. If puncture information in slot n is detected, the UE decodes the buffered data according to PDCCH in slot n-1 and puncture information in slot n. If puncture information in slot n is not detected, the UE decodes the buffered data according to PDCCH in slot n-1. The puncture information can be signaled to UE by the predefined patterns, where each pattern contains one possible URLLC resource allocation in time/frequency domain.
Proposal 4: If the puncture information is configured and received, UE can decode PDSCH of slot n-1 based on PDCCH in slot n-1 and puncture information in slot n. If the puncture information is configured and not received, UE decodes PDSCH of slot n-1 based on PDCCH in slot n-1.
2.3 PDCCH resource allocation 

This indication of PDCCH resource allocation is used to share the unused PDCCH resources for PDSCH transmission. The indication sent in slot n indicates the PDCCH resources in slot n. With this signaling UE can perform correct rate-matching without any blind detections. As shown in Figure 1, if the resource allocation of all PDCCHs are signaled to UEs by group common PDCCH and the shared resources are restricted to the same frequency region as the corresponding PDSCH, then each UE can determine whether the resources in the control region can be used for data transmission [1]. The resource allocation of all PDCCHs can be signaled to UE by a bit map. The bit map is composed of CCE groups, where the CCEs are computed based on the whole bandwidth and maximal control region size. For example, assume subcarrier spacing is 15 kHz, the bandwidth is 20 MHz, and the maximal control region size is 3 OFDM symbols. Suppose one CCE group contains 4 CCEs. Then for the whole bandwidth there are floor(100*3/6/4) = 12 CCE groups and thus the size of the bit map is 12 bits.
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Figure 1 PDCCH resource allocation indicated by group common PDCCH
Proposal 5: A bit map of CCE groups can used to signal the unused control resources.
2.4 Other aspects
In LAA, the common PDCCH can be used to signal the duration of the current subframe and/or the next subframe. In NR, as both slot and mini-slot can be used for wide scenarios, e.g. using mini-slots for both eMMB and URLLC, the design consideration for GC PDCCH is applicable for both slots and mini-slots. Also some fields may not be needed for the GC PDCCH over mini-slots, for example the duration of control resource set, assuming the control resource set over mini-slots has a fixed duration. The GC PDCCH should also have the same size as some other PDCCHs over mini-slots to minimize blind detection effort at receivers. Also considering timing budget for mini-slots is typically tighter than that for slots, it is even more beneficial that the UE’s behavior in one mini-slot can be determined from a GC PDCCH from a previous mini-slot. We have

Proposal 6: In NR, GC PDCCH is supported for both slots and mini-slots. 

Proposal 7: The GC PDCCH for mini-slots may have fewer fields than the GC PDCCH for slots.


3. Conclusion

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

Proposal 1: In addition to slot related information, following information can be signaled in group common PDCCH.

· Puncture information 

· Resource allocation of all PDCCHs
Proposal 2: The contents in group common PDCCH are configurable.
Proposal 3: SFI configuration consists of predefined patterns containing DL resources, UL resources, empty resources and unknown resources in granularity of OFDM symbol.
Proposal 4: If the puncture information is configured and received, UE can decode PDSCH of slot n-1 based on PDCCH in slot n-1 and puncture information in slot n. If the puncture information is configured and not received, UE decodes PDSCH of slot n-1 based on PDCCH in slot n-1.

Proposal 5: A bit map of CCE groups can used to signal the unused control resources.
Proposal 6: In NR, GC PDCCH is supported for both slots and mini-slots. 
Proposal 7: The GC PDCCH for mini-slots may have fewer fields than the GC PDCCH for slots.
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