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1. Introduction
Downlink control channel design is an important topic in NR discussion. NR has more stringent requirements on control signalling compared to LTE and DCI (Downlink Control Information) design is an essential part to support NR requirements such as forward compatibility, flexibility, low latency, multi-beam based transmission, low energy consumption, etc. Single-level DCI and two- or multi-level DCI is being discussed in this context by slightly different names in NR. In this contribution, we briefly share our views on the single-level and two-level DCI design from our perspective and introduce a few options for consideration on two-level DCI design. 
Related agreements made during the previous RAN1 meeting [1] are identified below. 
Agreements:
· From gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot
· FFS: From gNB perspective, DL control signalling can be located over the slot and/or mini-slot
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.
Agreements:
· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)
· dynamically indicated by L1 signaling (e.g., DCI)
· semi-statically indicated to a UE via higher layer
· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)
· FFS: minimum interval between DL data reception and corresponding acknowledgement
· FFS: common channels (e.g. random access)
Agreements:
· Timing relationship between UL assignment and corresponding UL data transmission can be (one or more of, FFS which ones)
· dynamically indicated by L1 signaling (e.g., DCI)
· semi-statically indicated to a UE via higher layer
· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)
· FFS: minimum interval between UL assignment and corresponding UL data transmission
· FFS: common channels (e.g. random access)
Agreements:
· For slot-based scheduling, NR specification should support the following
· DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)
· UL assignment in slot N and corresponding uplink data transmission in slot N+K2
· All UEs should support K2≥1 with exact values for K2 FFS
· Some UEs may support K2=0 (FFS conditions)

Discussion
Single-level DCI and two- or multi-level DCI is being discussed in NR. In single-level DCI, all DCI contents are transmitted in a single control channel (NR-PDCCH) while in two- or multi-level DCI, first-level DCI is transmitted in a control channel (NR-PDCCH1) while the second or higher level DCI contents are transmitted in one or more separate channels. Channel(s) carrying second or higher level DCI can be either additional control channel(s) (NR-PDCCH2) or data channel(s) (NR-PDSCH). Our views on the single- and two-level DCI follows with a few options in the case of two-level DCI. 

2.1 Single-level DCI
One of the main benefit of single-level DCI is the spectral efficiency as CRC overhead for control channel can be limited to only once per data transmission. Also, it could be beneficial in terms of reliability as data can be decoded once single DCI is detected and the single DCI is typically protected stronger than data. 
Potential drawback of single-level DCI is that it may not effectively accommodate variable DCI sizes unless the number of blind decoding trials are increased. Another potential drawback of this approach is that utilization of higher MCS transmission and DM-RS sharing with data may not be easily achievable. 
Though it could be further considered to study on multi-level DCI design, in our view, single-level DCI should be supported as a baseline as it is a proven solution for most use cases. Particularly, for UL grant, single-level DCI seems a natural choice. 

Proposal 1: Single-level DCI should be supported as a baseline in NR. 

2.2 Two-level DCI
One of potential case where two-level DCI could be useful would be as follows. Firstly, if a UE needs to change numerology for data decoding or adapt its bandwidth for data reception, it is desirable to have very short latency to decode control channel. If two-level DCI is adopted with potentially smaller BD on the first level and first level DCI is transmitted only at the beginning of a slot, control decoding latency may be reduced, and the gap between control and data for bandwidth/numerology adaptation can be minimized. Secondly, if control region is rather fixed or the maximum size would not be sufficient for the required control channel capacity, more control channels can be accommodated to the first level control region by making first level DCI size smaller, and offload DCI contents to second level. 
The similar issue however can be addressed by placing urgent control at the beginning of the slot/search space (for fast decoding), and possibly configure additional control subbands if capacity becomes an issue. In this sense, we have not identified any critical reason to support two-level DCI so far. Even if two-level DCI is supported, to support for example UL grant, single-level and multi-level DCIs should coexist. 

Proposal 2: Even if multi-level DCI is supported, it should coexist with single-level DCI.

If two-level DCI is considered, DCI contents are divided into two levels and transmitted in separate channels or in different resources of the same channel. While the first level DCI can be carried in control region, the second level DCI can be carried in another control channel or in different resources of the same control channel or in data channel. Depending on which channel the second level DCI is carried, there can be a few options to consider for the two-level DCI. 
· Option 1: First level DCI in control channel (NR-PDCCH1), second level DCI in control channel (NR-PDCCH2)
In option 1, both first level and second level DCIs are carried in NR physical downlink control channels. The location of the second control channel (NR-PDCCH2) can be predefined or indicated by either higher layer signalling or more dynamically by first level DCI. With this option, DM-RS may or may not be shared between NR-PDCCH2 and PDSCH. 
[bookmark: _GoBack]This option would be effective for example when slot and mini-slot scheduling are multiplexed, and indication of control region for a mini-slot can be done in the first level DCI in slot. In other words, first level DCI may indicate the resource location of control region for second level DCI used for mini-slot scheduling similar to LR discussion. 
· Option 2: First level DCI in control channel (NR-PDCCH1), second level DCI in data channel (NR-PDSCH) 
Second level DCI in option 2 is carried in data channel (NR-PDSCH) together with the data. Exact time/frequency location of the second level DCI may be predefined in relation to the NR-PDSCH region or indicated by first DCI. 
In option 2, DM-RS used for data demodulation can also be used for second level DCI demodulation. When this option is to be used, many aspects such as handling of SU-MIMO, MU-MIMO, DM-RS sharing in multiple layer, MCS of second level DCI, separate or joint coding between second level DCI and data should be clarified. Depending on where control and data are multiplexed in the channel processing, different options and performances are expected. For example, control and data may share the same MCS or use different modulation (e.g., fix QPSK for control). 

Observation: Many details of two-level DCIs in consideration of handling multiple layers, DM-RS sharing between control and data, resource mapping between control and data, coding details, etc. are unclear, and it seems to take considerable efforts to finalize two-level DCI design. 

Proposal 3: Before discussing the details of multi-level DCI, the necessity of multi-level DCI should be further justified. When discussing the necessity, consider also other mechanisms to address the same benefits provided by multi-level DCI. 

Conclusion
In this contribution, we share our views on the possible design options for NR DCI design. The following proposals were submitted for further consideration: 

Observation: Many details of two-level DCIs in consideration of handling multiple layers, DM-RS sharing between control and data, resource mapping between control and data, coding details, etc. are unclear, and it seems to take considerable efforts to finalize two-level DCI design. 

Proposal 1: Single-level DCI should be supported as a baseline in NR. 
Proposal 2: Even if multi-level DCI is supported, it should coexist with single-level DCI.
Proposal 3: Before discussing the details of multi-level DCI, the necessity of multi-level DCI should be further justified. When discussing the necessity, consider also other mechanisms to address the same benefits provided by multi-level DCI. 

2. Reference
[1] RAN1#86bis Chairman’s Notes
