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1 Introduction
Based on the latest RAN1 agreements and required functionalities for NR, DL control channel may need to provide the following control information to facilitate efficient NR operation. 

· DL data scheduling information
· It includes the information for an UE to decode DL data channel. It may contain resource allocation, modulation and coding scheme, HARQ redundancy version, HARQ process ID, new data indicator etc..

· UL data scheduling information

· It includes the information for an UE to transmit UL data. It may contain resource allocation, modulation and coding scheme, HARQ redundancy version, HARQ process ID, and UL power allocation.

· Timing relationship information

· It includes the timing relationship between DL/UL scheduling and corresponding data reception/transmission and the timing relationship between DL/UL data and corresponding HARQ-ACK timing.

· Downlink channel feedback and uplink sounding triggering

· It includes the requests for explicit and/or implicit channel state information feedback and uplink sounding reference signal transmission. 

· DL control region size

· It includes the indication of DL control region size in both time and frequency domain within a slot.
· Slot aggregation indication

· It includes the information about which slots are aggregated as one large slot.
From our views, the first four types of information should be UE-specific and the last two types of information could be common for all UEs or at least for a group of UEs.  In this paper, we will focus on the DL control channel structure in each slot type, slot type indication and search space configuration.
2 Discussion
2.1 DL control channel structure
According to the following agreements in 3GPP RAN1#86bis, DL control channel is scalable in both frequency and time domain and it complicates the demodulation pilot design and rate matching pattern for data channel.

Agreements:
· A UE monitors for downlink control information in one or more “control subband”
· This does not preclude that UE may receive additional control information elsewhere within or outside the control subband in the same or different OFDM symbol(s)
· FFS: One DCI message is transmitted within one control subband.
· A “control subband” is smaller than or equal to the carrier bandwidth (up to a certain limit) 

· A “control subband” consists of an integer number of RBs/PRBs in the frequency domain
· From gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot
To simplify the pilot design and rate matching pattern, it is proposed to fix the time-domain size of DL control region for a slot type and keep the scalability in frequency domain only.   Figure 1 illustrates the proposed DL control region size in each slot type when the slot size is equal to 7 OFDM symbols.  For DL-only slot type, DL control region always spans two OFDM symbols with scalability in frequency domain.  For DL-major & UL-major slot types, DL control region always spans one OFDM symbols with scalability in frequency domain so that more OFDM symbols can be used for DL/UL data transmission.  The proposed DL control channel structure can be applied to the slot size with 14 OFDM symbols as well.  Though, compared to LTE, DL control channel capacity is reduced at least 33%, assuming the same carrier bandwidth, it is sufficient considering wider carrier bandwidth (e.g. at least 5MHz) and slot aggregation.  In addition, based on the field data, the average applied DL control region size is 2 OFDM symbols in LTE.
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Figure 1. DL control channel structure in each slot type when the slot size is 7 OFDM symbols

Proposal #1: For DL-only slot type, DL control region is fixed as 2 OFDM symbols with scalability in frequency domain.
· FFS for other slot types

2.2 Slot type indication
Based on the agreements in 3GPP RAN1, there could be four slot types: DL only, UL-only, DL-major, and UL-major, as illustrated in Figure 1.  The slot type can be indicated semi-statistically by RRC signaling or dynamically by layer-1 signaling. For layer-1 signaling, three methods can be considered for NR.
· Method #1: Special PHY control channel, e.g. NR-PCFICH 

The slot type indication is carried by LTE PCFICH-like channel and broadcasted to all UEs. The total REs used for transmitting slot type is fixed and can be confined within a fixed bandwidth depending on the applied subcarrier spacing. In this case, all UEs are configured with the same slot type. The concerns of this method are that overhead may be high when the system bandwidth is small and the resource utilization is less efficient because the PHY channel design has to target at maximal supported cell size in NR. The advantage of this method is that no blind-detection is needed for the UE.

· Method #2: Broadcast/multi-cast DCI in common search space

The slot type indication is carried by DCI and it is multicasted to a group of UEs or broadcasted to all UEs. When the DCI is multicasted to a group of UEs, it means that the slot type could be UE-specific. When the DCI is broadcasted to all UEs, the slot type is always common for all UEs. It’s still not clear about the benefits of UE-specific slot type and further study is required. The advantage of this method is that the resource utilization is more efficient, compared to Method #1, because the number of utilized REs for the information signaling is adjustable based on the supported cell size of a gNB. However, the concern is that UE needs to perform blind detection to obtain the slot type information and it may introduce additional blind detection complexity.  In addition, CRC bits attached to the DCI may increase the signaling overhead.
· Method #3: Unicast DCI in UE-specific search space

The slot type indication is carried by unicast DCI and is UE-specific. It allows both UE-specific and common slot type. It also allows to exploit higher channel coding gain for the signaled information due to larger DCI size. Though the signaled information has to be duplicated for each UE, the number of utilized REs for the information signaling is adjustable based on the distance between each served UE and the serving gNB. However, the signaling overhead is large when a lot of UEs are scheduled within the same slot.

Proposal #2: For dynamic signaling of slot type indication, further study the following options.
· Special PHY control channel
· Broadcast/multi-cast DCI

· Unicast DCI

2.3 Search space design
In LTE, both common search space and UE-specific search space are defined to facilitate both broadcast and unicast message signalling. Multicast message signalling can also be supported by common search space with a UE-group-specific C-RNTI. From our views, common search space is still useful to support both broadcast and multicast message signalling without increasing UE blind detection complexity. Though the reserved radio resources for common search space could introduce additional overhead, it can be resolved by overlapping definition of UE-specific search space. To avoid high blocking rate for some specific UEs when there is broadcast or multicast message signaling, UE-specific search space definition for all UEs should avoid full overlapping with common search space when there is sufficiently large radio resources.
In 3GPP RAN1#86bis, there are agreements related to UE RF bandwidth adaptation for single carrier operation, shown as follows. It would be better for common search space to be defined within a narrowband bandwidth (e.g. 25 PRBs) which contains common PHY control channel(s) and signal(s) so that both connected and idle UEs doesn’t always need to open wide RF bandwidth to monitor broadcast/multicast message signalling for single carrier operation.  UE-specific search space can be defined over the radio resources signalled to a UE for DL control channel. Figure 2 illustrates an example.
Agreements:
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)

· FFS the first RF bandwidth is within the second RF bandwidth

· FFS the first RF bandwidth is at the center of the second RF bandwidth

· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth

· FFS detailed mechanism

· FFS RF bandwidth adaptation for RRM measurement
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Figure 2. Example illustration of search space design
Proposal #3: Both common search space and UE-specific search space are supported in NR.
Proposal #4: Common search space should be defined within a narrow bandwidth which contains common PHY control channel(s) and signal(s).
3 Conclusion
In this paper, DL control channel structure in each slot type, slot type indication and search space configuration are discussed in previous section. Proposals are summarized as follows.
Proposal #1: For DL-only slot type, DL control region is fixed as 2 OFDM symbols with scalability in frequency domain.
· FFS for other slot types
Proposal #2: For dynamic signaling of slot type indication, further study the following options.

· Special PHY control channel

· Broadcast/multi-cast DCI
· Unicast DCI
Proposal #3: Both common search space and UE-specific search space are supported in NR.

Proposal #4: Common search space should be defined within a narrow bandwidth which contains common PHY control channel(s) and signal(s).
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