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1. Introduction
In LTE, downlink control information (DCI) carriers downlink or uplink scheduling information as well as uplink power control commands. Multiple DCI formats were defined and each DCI format consists of various information fields including information for DL/UL resource allocation, Modulation and coding schemes (MCSs), HARQ procedure, feedback, power control, and MIMO related operation etc. For NR, new control needs to be designed to support diversified scenarios, frequency bands, and new features, such as scalable numerologies. The following agreements and observations made in previous RAN1 meetings [1-3]:
RAN1#85 Agreements:

· At least the following should be supported for NR in a frequency portion

· A time interval X which can contain one or more of the following

· DL transmission part

· Guard

· UL transmission part

· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically

RAN#86 Agreements:
· NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation
· The assigned DL/UL transmission direction can be signalled to UE by higher layer signalling
RAN1#86 Agreements:

· The following is supported for NR 

· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported

· Some or all of the following timing relationships can be indicated to a UE dynamically by the L1 DL signalling (FFS: explicit or implicit)

· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· …….
· Some or all of the following timing relationships can be indicated to a UE semi-statically (FFS: explicit or implicit)
· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· ……
RAN1#86b Agreements:
· NR supports at least same-slot and cross-slot scheduling for DL.
· Note: it is already agreed that NR supports same-slot and cross-slot scheduling for UL.
RAN1#86b Agreements:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots
Taking these new features into account, additional DCI contents should be introduced except the existing ones in LTE. In this contribution, we provide some considerations on the DCI contents for NR.

2. Discussion on DCI contents for NR PDCCH
2.1 LTE DCI

LTE DCI contents can be the starting point of NR DCI design. In LTE, both common control signalling and UE-specific signalling are included in the various DCI formats. The main DCI contents considered in LTE are summarized as follows:
1. Common control signalling: including scheduling information for system information (SI), paging and RAR and TPC commands for a group of users.
2. UE-specific scheduling information: including both the scheduling information for the data transmission and the corresponding HARQ transmission of the scheduled data.
a) Resource allocation information
b) MCS indicator
c) HARQ process related signalling, e.g. HARQ process number, RV and NDI
d) MIMO process related signalling, e.g. PMI, RI, DMRS settings, etc.
e) Others: carrier indicator, DCI format flag, codeword swap flag, frequency hopping flag, etc.
Considering the NR PDCCH, on the one hand, most of the above DCI contents are still needed, but maybe some detail fields will change according to the detail NR design aspects. For example, the MIMO related information highly depends on how the multiple-antenna transmission schemes carried out in NR. On the other hand, new features, such as scalable numerologies, mini-slot/cross-slot based scheduling, and flexible scheduling/HARQ timing and efficient service multiplexing etc. will possibly bring some additional DCI contents for NR PDCCH on the basis of LTE DCI contents. 
2.2 NR DCI Considerations
As for NR, the following aspects should be considered for the DCI design:

· Subframe/slot configuration related signalling
In NR, three types of subframe, i.e. downlink subframe, uplink subframe and bidirectional subframe including both uplink and downlink, are possible. In addition, for the bidirectional subframe, the downlink transmission part and the uplink transmission part is also allowed to be dynamically or semi-statically configured. Since the subframe configuration will directly affect the user’s transmitting/receiving behavior and the scheduling resource allocation, to facilitate the scheduling process and the user transmitting/receiving process, the configuration needs to be informed to the users. For semi-statically assigned DL/UL transmission, the subframe/slot configuration can be signally by high layer signaling or broadcasting. While to enable dynamic DL/UL transmission, the dynamic L1 signaling is also needed, which can be carried by PDCCH either explicitly or implicitly. 
One possible way is to implicitly signal the subframe/slot UL/DL direction and duration to UE by scheduling information, i.e. time domain resource allocation information. By this way, it can easily support flexible scheduling timing and various scheduling unit. But the UE-specific resource allocation indicators may introduce considerable signaling overhead when a large number of UEs are simultaneously scheduled. To reduce the signaling overhead, one possible solution is that, the time domain resource can be allocated by a number of predefined basic time domain unit consisted of a set of consecutive OFDM symbols. The time domain resource allocation method needs to be further studied to strive a better balance between the scheduling flexibility and signalling overhead. 
Another way is to explicitly signal the subframe/slot configuration to UE by introducing a new format field in the DCI content. The information field indicates whether the subframe/slot is uplink or downlink or bidirectional (as well as the specific downlink and uplink configuration) or blank, etc. The specific subf                                                                                     rame/slot configuration can be indicated by the DCI content in the same or previous subframe/slot. Note that the subframe/slot format indicator should be available for all users and could be designed as common control signaling. Such common signalling design maybe beneficial for the inter-cell interference coordination. But it may introduce some common control signaling overhead, and it is difficult to support flexible scheduling timing and multiple scheduling unit (e.g. mini-slot/slot/aggregated slot scheduling). Additional signaling effort may be needed.
Based on the above discussion, it is suggested to further investigate the advantages and disadvantages of these two approaches before deciding which one to be adopted.

· Flexible HARQ Timing related signalling
In the RAN1#86 meeting, it was agreed that the timing relationship between DL data reception and corresponding acknowledgement can be indicated to a UE dynamically or semi-statically. If dynamic signalling is adopted, to reach the same understanding of HARQ timing between gNB and UE, timing relationship between DL data reception and the corresponding acknowledgement can be included in the DCI for the flexible HARQ operation. In addition, after the gNB receive the ACK/NACK feedback from UE, the timing relationship between received DL ACK/NACK and the corresponding DL retransmission can also be considered in the DCI.
· Flexible scheduling unit related signalling
The NR frame structure should support various scheduling operations, including mini-slot, slot, cross-slot and slot aggregation based scheduling. Therefore, additional signaling work maybe needed to support flexible scheduling timing and multiple scheduling unit. One possible solution is to introduce time domain resource allocation information, e.g., including starting transmission time and the transmission duration. By this way, it can easily support flexible scheduling timing and the multiple-scheduling unit scheduling in a straightforward manner. Note that the control overhead should be minimized. 
· Service multiplexing related signalling
In the RAN1#86 meeting, it was agreed that NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL. As URLLC is recognized to be more urgent than eMBB, it is feasible that URLLC is scheduled to use the resource already assigned for eMBB, i.e., puncture eMBB transmission. To avoid the severe performance degradation for eMBB, an indicator signaling may be necessary to let the eMBB UE know the existence of URLLC allocation. 
Proposal 1: For NR DL control information design, at least the follows aspects should be considered: 1) subframe/slot configuration; 2) HARQ timing; 3) Scheduling timing; 4) service multiplexing (e.g., URLLC and eMBB) related signaling.
3. Conclusions 
In this contribution, we discuss the DCI contents for NR PDCCH and propose:
Proposal 1: For NR DL control information design, at least the follows aspects should be considered: 1) Subframe/slot configuration; 2) HARQ timing; 3) Scheduling timing; 4) service multiplexing (e.g., URLLC and eMBB) related signaling.
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